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Abstract

This research aimed to assess the efficacy of Red Indian Water Lily (Nymphaea pubescens Willd.) tea on enhancing sleep
quality and improving quality of life among individuals experiencing sleep disorders. Employing a one-group pretest-
posttest research design, the study was conducted at the Udon Thani Provincial Public Health Office, Thailand, between
July and September 2023. The sample comprised 53 adult participants diagnosed with sleep disorders, presenting a mean
age of 43.3 + 9.7 years. Participants consumed a daily dosage of 1200 mg of N. pubescens tea for a period of four weeks.
Sleep quality was quantitatively evaluated using the Pittsburgh Sleep Quality Index (PSQI), while quality of life was
assessed through the EQ-5D-5L questionnaire. Additionally, sensory attributes were evaluated employing a 9-point hedonic
scale. Post-intervention analysis revealed a statistically significant improvement in participants' overall PSQI scores, which
decreased from a baseline mean of 8.92 + 0.32 to 5.90 + 0.25 (p < 0.001). Significant enhancements were specifically noted
in sleep quality, sleep duration, and daytime dysfunction (p < 0.001). Furthermore, notable improvements in mental health
were observed, with the EQ-5D-5L visual analogue scale scores showing a substantial rise from 73.7 + 17.1 t0 83.3 + 8.3 (p
< 0.001). The sensory evaluation indicated high consumer acceptance, with the highest satisfaction ratings for appearance
(7.49 + 1.05), whereas the taste/flavor attribute received the lowest ratings (6.58 + 1.70). In conclusion, consumption of
Red Indian Water Lily tea was effective in significantly enhancing sleep quality and alleviating symptoms of anxiety and
depression in individuals suffering from sleep disorders. Despite favorable overall acceptance, improvements in flavor
profile could further enhance consumer appeal. Additional controlled trials are recommended to substantiate these findings.
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1. Introduction

Sleep is now recognised as a cornerstone of both somatic and psychological wellbeing. Large-scale prospective
cohorts and meta-analyses have shown that curtailed or poor-quality sleep predicts impairments in executive functioning
and mood regulation, as well as increased incidence of cardiometabolic conditions such as hypertension, coronary artery
disease and type 2 diabetes [1, 2]. Although benzodiazepines and non-benzodiazepine receptor agonists remain commonly
prescribed for chronic insomnia, systematic evaluations underscore concerns regarding next-day sedation, cognitive
blunting, tolerance, and potential for dependency, thereby fuelling interest in non-pharmacological options including
cognitive-behavioural therapy and evidence-based phytotherapeutics [3, 4].

In tandem with growing public scepticism toward long-term hypnotic drug use, interest in phytotherapeutic sleep aids
has intensified worldwide. Population surveys now indicate that nearly one-third of adults with insomnia resort to herbal
preparations as either primary or adjunctive therapy [5]. Among the botanicals most frequently investigated, valerian
(Valeriana officinalis), chamomile (Matricaria recutita), and passionflower (Passiflora incarnata) have each demonstrated
modest but statistically significant hypnotic or anxiolytic benefits in randomised controlled trials and subsequent
meta-analyses [6, 7]. Convergent pre-clinical evidence further suggests that their bioactive constituents modulate
y-aminobutyric acid (GABA) neurotransmission—either by binding to GABAAa receptor subtypes or by inhibiting
GABA-catabolising enzymes—thereby promoting neuronal inhibition and facilitating sleep onset [8, 9].

Although the evidence base for herbal sleep aids is expanding, scholarly attention is increasingly turning toward
under-explored aquatic botanicals such as the Red Indian water lily (Nymphaea pubescens Willd.), indigenous to wetlands
throughout South-East Asia. Classical Ayurvedic texts and regional ethnobotanical surveys describe decoctions of its
flowers and rhizomes for relieving insomnia, nervous agitation and inflammatory conditions [10]. Modern phytochemical
investigations have revealed a rich profile of flavonoids, isoquinoline alkaloids and condensed tannins, several of which
exhibit affinity for GABA receptors or inhibit GABA-catabolising enzymes, thereby providing a plausible mechanistic
basis for its traditional sedative use [11]. In murine models, hydro-ethanolic extracts of N. pubescens significantly
prolonged pentobarbital-induced sleep and produced anxiolytic-like behaviour in the elevated plus-maze without impairing
motor coordination, effects comparable to diazepam [12, 13]. These pre-clinical findings, coupled with longstanding
ethnomedical utilisation, warrant systematic clinical evaluation of N. pubescens as a promising phytotherapeutic candidate
for the management of sleep disturbances.

Notwithstanding its long-standing use in Asian materia medica, rigorous laboratory evaluation of Nymphaea
pubescens remains sparse. Available in-vivo evidence is largely restricted to a handful of rodent studies in which
hydro-ethanolic flower or seed extracts produced central nervous system (CNS) effects compatible with anxiolysis and
sedation. For example, Karmakar, et al. [12] reported that doses of 200-400mgkg™ significantly prolonged
pentobarbital-induced sleeping time and reduced exploratory behaviour in mice, with a magnitude of effect comparable to
diazepam. More recently, an ethanolic seed extract attenuated trimethyltin-induced cognitive deficits and neuronal
degeneration in mice, supporting broader neuro-modulatory activity [14]. A concise pharmacological review has also
catalogued preliminary evidence for GABAergic, anti-inflammatory and antioxidant mechanisms that could underline such
CNS actions [15]. Collectively, these pre-clinical data justify systematic clinical trials to clarify the translational potential
of N. pubescens in the management of sleep and anxiety disorders.

Given the dearth of controlled human studies on N. pubescens [5, 16] the present investigation was designed to
generate preliminary clinical evidence regarding the efficacy of Red Indian water lily tea on sleep and related
quality-of-life outcomes in adults reporting insomnia symptoms. The study couples the Pittsburgh Sleep Quality Index—an
extensively validated global measure of subjective sleep [17] with the EQ-5D-5L instrument to capture changes in
health-related quality of life [18]. By integrating these complementary endpoints, we aim to establish a translational
evidence base that can inform the rational incorporation of N. pubescens preparations into future evidence-based
management algorithms for sleep disturbances.
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2. Materials and Methods
2.1. Design and Participants

This research employed a one-group pretest-posttest study design conducted at the Udon Thani Provincial Public
Health Office, Udon Thani Province, Thailand, from July to September 2023. Ethical approval was granted by the Human
Ethics Committee of Udon Thani Provincial Public Health Office (Approval No. UDREC 9766), and the study adhered
strictly to the principles outlined in the Declaration of Helsinki [19]. Written informed consent was obtained from each
participant before commencement of the study.

Participants were recruited through multiple channels, including direct in-person postings at the public health office
and online advertisements via digital platforms, notably LINE group communications. The inclusion criteria specified
working adults aged over 20 years, who had self-reported sleep disturbances persisting for at least one month,
accompanied by a Pittsburgh Sleep Quality Index (PSQI) score equal to or exceeding 5, indicative of impaired sleep
quality [17]. Exclusion criteria were established to ensure participant safety and data integrity, including the presence of
neurological or psychiatric disorders, recent pharmacological treatment for insomnia or any neuropsychiatric condition
within one month prior to enrollment, pregnancy or breastfeeding status, plans for pregnancy within the subsequent six
months, and current use of medications known to affect sleep parameters, such as antihistamines or antidepressants.
Participants unable or unwilling to comply with study instructions were also excluded from participation [20, 21].

2.2. Intervention

The herbal tea utilized in this research consisted of 1,200 mg of Red Indian Water Lily (N.pubescens Willd.) per
serving. The raw plant materials underwent cleaning, drying, and roasting processes before being accurately portioned into
3-gram teabags. Participants were provided standardized tumblers (250 ml capacity) and instructed to steep the teabag in
hot water for at least 3 minutes prior to consumption. They were advised to consume the prepared tea once daily in the
afternoon, specifically between noon and bedtime, over a continuous period of 4 weeks [22, 23].

2.3. Outcomes

Outcomes were measured at baseline and at the conclusion of the 4-week intervention. The primary outcome, sleep
quality, was evaluated using the Pittsburgh Sleep Quality Index (PSQI), a validated instrument widely used to assess sleep
quality and disturbances over the preceding month [17]. The PSQI consists of 19 self-rated items across seven components,
namely subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping
medication, and daytime dysfunction. Each component is scored from 0 to 3, with higher scores indicating greater
impairment. The overall PSQI score ranges from 0 to 21, with scores exceeding 5 considered indicative of poor sleep
quality [17].

Secondary outcomes included quality of life and consumer acceptance. Quality of life was assessed using the EQ-5D-
5L questionnaire, a standardized instrument developed to measure health-related quality of life across five dimensions:
mobility, self-care, usual activities, pain/discomfort, and anxiety/depression [18]. Consumer acceptance of the herbal tea
was evaluated using a 9-point hedonic scale, a common method in sensory evaluation studies, where ratings range from 1
("dislike extremely™) to 9 ("like extremely") [24]. Participants assessed attributes such as appearance, color, odor, taste,
and overall satisfaction.

2.4. Statistical Analysis

Statistical analyses were performed using STATA SE version 18.0. Baseline characteristics of participants were
summarized using descriptive statistics; continuous variables were presented as means and standard deviations, and
categorical variables as frequencies and percentages. Changes from baseline to the post-intervention assessment in primary
and secondary outcomes were analyzed using paired t-tests for normally distributed data and Wilcoxon signed-rank tests
for data not normally distributed. Statistical significance was set at a p-value less than 0.05 [25, 26].

3. Results
3.1. Baseline Characteristics

A total of 53 participants were enrolled in the study, of whom 38 were female (71.7%), with an average age of 43 + 14
years. The average body mass index (BMI) was 23.2 + 0.5 kg/m2. Among the participants, 23 (43.4%) had underlying
health conditions, and 14 (26.4%) reported consuming dietary supplements or herbal products in the month preceding the
study. The baseline characteristics of the participants are presented in Table 1.
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Table 1.

General characteristics of the participants (n=53).

Characteristics Frequency (n=53) Percentages
Gender

Female 38 71.7
Male 15 28.3
Age group, years (mean 43.3 + 9.7)

2029 7 13.2
30-39 10 18.9
4049 21 39.6
50 - 59 15 28.3
Body Mass Index, kg/m? (mean 23.2 + 0.5)

<185 2 3.8
18.5-22.9 27 50.9
23.0-24.9 11 20.8
25.0-29.9 9 17.0
> 30.0 4 7.5
Underlying diseases

Haven’t 30 56.6
Have 23 43.4
Dietary supplements or herbal products consumption

Yes 39 73.6
No 14 26.4

3.2. Sleep Quality

The participants’ sleep quality, measured by the Pittsburgh Sleep Quality Index (PSQI), improved significantly
following the 4-week intervention (Table 2). The mean overall PSQI score decreased from 8.92 + 0.32 at baseline to 5.90 =
0.25 at follow-up, which was statistically significant (p < 0.001). Significant improvements were observed in several
categories, including sleep quality (Category 1), sleep duration (Category Ill), sleep disturbances (Category V), and
daytime dysfunction (Category VII). However, no significant changes were found in sleep latency (Category I1), habitual
sleep efficiency (Category V), or use of sleeping medication (Category VI).

Table 2.

Sleep quality (by PSQI).

PSQI score Baseline Follow-up p-value*
Overall 8.92+0.32 5.90+0.25 <0.001
Category I: Sleep quality 1.75+0.58 1.11+054 <0.001
Category |I: Sleep latency 1.70+0.72 1.45+0.61 0.05
Category lll: Sleep duration 1.32 £ 0.67 0.79+0.66 <0.001
Category 1V: Habitual sleep efficiency 0.66 + 0.90 0.42+0.77 0.088
Category V: Sleep disturbances 1.62 +0.59 0.96 +0.19 <0.001
Category VI: Use of sleeping medication 0.50+0.90 0.19+0.56 0.011
Category VII: Daytime dysfunction 1.40+0.7 0.98+0.0 <0.001

Note: *Wilcoxon Sign Rank test.

3.3. Quality of Life

Improvements in the participants' quality of life were observed after consuming the Red Indian Water Lily tea, as
measured by the EQ-5D-5L scale (Table 3). A reduction in anxiety and depression was particularly noteworthy, with the
proportion of participants experiencing anxiety or depression at level 3 decreasing to zero, while those reporting no
problems (level 1) increased to 49.1% (p < 0.001). The EQ visual analogue scale (VAS) score also improved significantly
from 73.7 + 17.1 at baseline to 83.3 + 8.3 at follow-up (p < 0.001). The overall utility score increased from 0.85 + 0.12 to
0.91 £ 0.06 (p < 0.001), indicating an overall improvement in quality of life.
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Table 3.
Quality of life (by EQ-5D-5L).
EQ-5D-5L Baseline Follow-up p-value
I. EQ-5D-5L descriptive system*
1. Mobility 0.104**
Level 1 41 (77.4) 46 (86.8)
Level 2 10 (18.9) 7(13.2)
Level 3 2 (3.8) 0 (0.0)
Level 4 0 (0.0) 0 (0.0)
Level 5 0 (0.0) 0 (0.0)
2. Self-care 0.969**
Level 1 51 (96.2) 51 (96.2)
Level 2 2 (3.8) 2 (3.8)
Level 3 0 (0.0) 0 (0.0)
Level 4 0 (0.0) 0 (0.0)
Level 5 0 (0.0) 0 (0.0)
3. Usual activity 0.011**
Level 1 38 (71.7) 47 (88.7)
Level 2 20 (37.7) 6 (11.3)
Level 3 4 (7.6) 0 (0.0)
Level 4 0 (0.0) 0 (0.0)
Level 5 0 (0.0) 0 (0.0)
4. Pain/ Discomfort 0.006**
Level 1 11 (20.8) 15 (28.3)
Level 2 30 (56.6) 37 (69.8)
Level 3 9 (17.0) 1(1.98)
Level 4 1(1.9) 0 (0.0)
Level 5 2 (3.8) 0 (0.0)
5. Anxiety/Depression
Level 1 17 (32.1) 26 (49.1) <0.001**
Level 2 21 (39.6) 27 (50.9)
Level 3 14 (26.4) 0 (0.0)
Level 4 1(1.9) 0 (0.0)
Level 5 0 (0.0) 0 (0.0)
I1. EQ Visual Analogue Scale 73.7+17.1 83.3+8.3 < 0.001***
I11. Overall Utility 0.85+0.12 0.91 £ 0.06 < 0.001***

Note: *Level 1, no problems; Level 2, slight problems; level 3, moderate problems; level 4, severe problems, level 5, extreme problems; ** Wilcoxon Sign Rank test; ***
paired t-test.

3.4. Consumer Acceptance

The sensory evaluation of the Red Indian Water Lily tea revealed high consumer satisfaction, with the highest scores
given for the tea's appearance (7.49 + 1.05), followed by its color (7.45 + 1.12) and odor (7.04 + 1.52). However, the
taste/flavor was rated the lowest, with a score of 6.58 + 1.70 (Table 4).

Table 4.

Sensory evaluation (by 9-point Hedonic scale).

Characteristics Average score (mean + SD)
Appearance / Shape 749+ 1.05

Color 745+£1.12
Smell/Odor 7.04+£1.52
Taste/Flavor 6.58 £ 1.70

General satisfaction 7.38+1.15

4. Discussion

This study aimed to investigate the effects of Red Indian Water Lily (N. pubescens Willd.) tea on sleep quality, quality
of life, and consumer acceptance among individuals with sleep disorders. The findings demonstrate that the consumption
of Red Indian Water Lily tea significantly improved sleep quality, particularly in the areas of sleep duration, disturbances,
and daytime dysfunction. Additionally, participants reported enhancements in their overall quality of life, particularly in
reducing anxiety and depression, and the tea was well-received in sensory evaluations, though some participants found the
flavor less favorable compared to other attributes.
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4.1. Sleep Quality

The notable reduction in the overall PSQI score from 8.92 at baseline to 5.90 following the four-week intervention
demonstrates a clinically meaningful enhancement in sleep quality. Improvements were particularly marked in subjective
sleep quality, sleep duration, and daytime dysfunction, aligning with evidence supporting the efficacy of herbal
preparations containing calming and sedative properties to improve sleep parameters [6, 8, 27]. Bioactive compounds in
N.pubescens, including flavonoids and alkaloids, are known for their sedative and anxiolytic properties and likely
contributed to these observed effects [11, 12].

Nevertheless, the intervention did not produce statistically significant reductions in sleep latency or improvements in
habitual sleep efficiency. Similar response patterns have been reported with other botanical sleep aids, where increases in
total sleep time and subjective quality were not accompanied by faster sleep onset [8, 27]. Pharmacokinetic data indicate
that the principal flavonoids identified in N. pubescens achieve peak plasma concentrations approximately 2—4 h after
ingestion [11] potentially explaining the limited influence on latency when the infusion is taken during the late afternoon.
Future investigations should evaluate alternative administration schedules—such as intake 30—60 min before bedtime—and
explore dose-escalation strategies to determine whether these adjustments yield clinically meaningful benefits in sleep
initiation and maintenance [21].

4.2. Quality of Life

Significant improvements were observed in participants' health-related quality of life, particularly within the
anxiety/depression domain of the EQ-5D-5L questionnaire. The proportion of participants reporting no anxiety or
depression (level 1) increased substantially from 32.1% at baseline to 49.1% post-intervention, and cases reporting
moderate-to-severe symptoms (levels 3-5) were completely resolved. Correspondingly, the EQ-5D utility index increased
from 0.85 to 0.91, accompanied by a significant enhancement in visual analogue scores, reflecting clinically meaningful
improvements in perceived overall well-being [28].

These findings align well with existing meta-analytical research indicating that herbal preparations, particularly those
rich in flavonoids and alkaloids, possess notable anxiolytic properties [16, 29]. Alkaloids from Nymphaea pubescens have
been demonstrated in pre-clinical studies to function as positive allosteric modulators of GABAA receptors and to mitigate
stress-related hormonal responses, which likely underpin their anxiolytic efficacy [11, 30].

Furthermore, improvements in mental health observed in this study could also be partly attributed to enhanced sleep
quality, given the well-documented bidirectional relationship between insomnia and psychological distress [31]. However,
no significant changes were found in mobility or pain/discomfort domains, possibly reflecting the short study duration or
the relatively low baseline impairment in these areas among participants. Nevertheless, the overall improvement in the EQ-
5D utility index highlights the beneficial impact of N. pubescens tea on daily functional status and quality of life.

Future studies with extended follow-up periods and comparative trials against standard treatments (e.g., cognitive-
behavioral therapy or conventional hypnotics) are necessary to further validate and contextualize these findings [20].

4.3. Consumer Acceptance

Sensory evaluation revealed generally favorable acceptance of the Red Indian Water Lily tea among participants, with
particularly high ratings for visual attributes such as appearance and color, as well as the olfactory attribute of odor.
Conversely, the taste/flavor attribute scored lowest (6.58), suggesting room for improvement in this sensory aspect.
Sensory attributes, especially taste, significantly influence consumer acceptance and adherence to herbal preparations [32].
The relatively lower rating for taste/flavor could be attributed to the unique and potentially unfamiliar profile of
N. pubescens. To enhance long-term acceptability and adherence, future research should investigate formulation
improvements, possibly by blending N. pubescens with complementary herbs or incorporating natural flavor enhancers to
optimize palatability [24, 33].

4.4. Strengths and Limitations

One of the key strengths of this study is its focus on a natural, plant-based intervention for improving sleep quality and
mental well-being, which aligns with the growing trend toward using herbal and non-pharmacological treatments for sleep
disorders. Additionally, the study's use of validated tools like the PSQI and EQ-5D-5L enhances the reliability and
relevance of the findings.

However, the current study has several limitations. The absence of a control group inherent to the one-group pretest-
posttest design restricts causal inferences regarding the observed improvements, as changes may reflect placebo effects or
other confounding factors [34]. Additionally, the relatively brief duration of the intervention (4 weeks) limits the ability to
assess longer-term outcomes and sustainability of effects on sleep and quality of life. Future research should employ
randomized controlled trial designs, larger sample sizes, and extended follow-up periods to better elucidate the efficacy,
optimal dosage, and long-term safety profile of N. pubescens as a sleep-promoting agent [20, 21].

5. Conclusion

In conclusion, this study provides preliminary evidence that Red Indian Water Lily (N. pubescens Willd.) tea may be
an effective natural intervention for improving sleep quality and enhancing quality of life, particularly by reducing anxiety
and depression. The tea was well-accepted by consumers, though improvements in flavor may enhance its appeal. Further
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research is warranted to confirm these findings and explore the long-term effects of N. pubescens on sleep and mental
health.
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