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Abstract 24 

Background 25 

Hypertension is the predominant risk factor for cardiovascular disease morbidity and mortality, 26 

with significant healthcare utilization and expenditure. Pharmaceutical management is 27 

habitually adopted; although its long-term effectiveness remains ambiguous, and 28 

accompanying adverse effects are disquieting. Peppermint owing to its abundance of menthol 29 

and flavonoids, possesses a range of potential hypertensive benefits.  30 

Rationale: 31 

Our previous trial has shown that peppermint is able to mediate significant improvements in 32 

systolic blood pressure in healthy individuals. But there has yet to be any randomized placebo-33 

controlled studies, examining the efficacy of peppermint supplementation in hypertensive 34 

individuals 35 

Objective: This study proposes a placebo randomized controlled trial, exploring the effects of 36 

daily peppermint oil supplementation on outcomes pertinent to hypertensive disease in 37 

individuals with pre and stage 1 hypertension.  38 

Methods and analyses:  39 

This 20-day, parallel randomized, placebo-controlled trial will recruit 40 individuals, assigned 40 

to receive either 100μL per day of either Peppermint oil or a peppermint flavoured placebo. 41 

The primary trial outcome will be the between-group difference in systolic blood pressure from 42 

https://orcid.org/0009-0009-7647-1507
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baseline to post-intervention. Secondary outcome measurements will be between-group 43 

differences in anthropometric, haematological, diastolic blood pressure/ resting heart rate, 44 

psychological wellbeing, and sleep efficacy indices. Statistical analysis will be conducted on 45 

an intention-to-treat basis using linear mixed  effects models to contrast differences in the 46 

changes from baseline to 20-days between the two trial arms.  47 

Ethics and dissemination: 48 

Ethical approval has been granted by the University of Central Lancashire (HEALTH 01074) 49 

and the study has formally been registered as a trial (NCT05561543). Dissemination of the trial 50 

findings will be through publication in a peer-reviewed journal.  51 

Trial registration: ClinicalTrials.gov NCT05561543 52 

Ethics: HEALTH 01074 53 

Keywords: peppermint; Mentha piperita L.; hypertension; blood pressure; metabolic 54 

health 55 

Introduction 56 

Globally, hypertension is renowned as the leading risk factor for cardiovascular disease 57 

morbidity and mortality [1]. High blood pressure ranks first among modifiable risk factors in 58 

population attributable to cardiovascular disease aetiology, accounting for the largest 59 

proportion of coronary heart disease, heart failure, and stroke events [2]. It is associated with 60 

significant societal and economic consequences [3] and also mediates significant productivity 61 

loss from disability and premature death [4]. Thus, hypertension is one of the most 62 

consequential and remediable threats to the health of individuals and society. 63 



Pharmaceutical intervention is the predominant treatment approach for hypertensive disease, 64 

and angiotensin-converting enzyme inhibitors, betablockers, calcium antagonists, diuretics, 65 

and lipid-lowering therapies are the most commonly adopted approaches [5]. However, whilst 66 

these medications are effective in treating hypertensive disease, their cost-effectiveness has not 67 

yet been fully established [6]. Additionally, significant adverse effects continue to be frequently 68 

reported, raising concerns about their utilization and patient tolerability [7]. These side effects, 69 

in additional to global overreliance of daily prescription medication [8], suggest that natural 70 

cost-effective approaches are necessary for the management of cardiometabolic disease [9]. 71 

Improved dietary practices are the principal approach for the non-pharmaceutical prevention 72 

and management of hypertensive and cardiometabolic diseases [10]. Enhanced intake of fruits 73 

and vegetables has definitively been shown to improve hypertensive and cardiometabolic 74 

disease symptoms [11]. However, maintaining a habitual dietary pattern high in fruits and 75 

vegetables has been shown to be difficult to accomplish [12]; therefore, supplementation 76 

potentially represents a more appealing treatment and prevention modality.  77 

Peppermint (Mentha piperita L.) is a recurrent flowering plant that cultivates in western Europe 78 

and North America. Peppermint itself is a hybrid amalgamation of both spearmint (Mentha 79 

Spicata) and water mint (Mentha Aquatica). The peppermint plant contains a diverse chemical 80 

profile, including menthol, flavonoids, menthone, and menthyl acetate [13]. Peppermint 81 

possesses a broad range of biological activities, including digestive, choleretic, carminative, 82 

antiseptic, antibacterial, antiviral, antispasmodic, antioxidant, anti-inflammatory, myorelaxant, 83 

expectorant, analgesic, tonic, and vasodilatory properties [13, 14], and has importantly been 84 

shown through toxicology analyses to be safe for ingestion [15]. 85 

 Importantly, owing to its antioxidant, anti-inflammatory, and vasodilatory properties, there is 86 

growing speculation that peppermint ingestion may target the mechanisms central to 87 



hypertensive pathophysiology, and thus confer significant clinical benefits [16]. To date, only 88 

very limited studies have been undertaken exploring the influence of peppermint 89 

supplementation on cardiovascular outcomes, with Barbalho et al., [17] showing that twice 90 

daily supplementation of peppermint, mediated significant reductions in both low-density 91 

lipoproteins (LDL) cholesterol and systolic blood pressure. However, this investigation did not 92 

feature a control group, meaning that it cannot conclusively be concluded that the 93 

improvements were decisively attributable to peppermint supplementation, as opposed to other 94 

external mechanisms. Importantly, Sinclair et al., [16] showed using a placebo randomized 95 

controlled trial in healthy individuals, that twice daily peppermint supplement yielded 96 

significantly greater reductions in systolic blood pressure, triglycerides and state/ trait anxiety 97 

compared to placebo. 98 

Rationale 99 

At the current time, there has yet to be any randomized placebo-controlled intervention studies, 100 

examining the efficacy of peppermint supplementation in hypertensive individuals. Therefore, 101 

with previous trials demonstrating a positive effect of peppermint ingestion in healthy 102 

individuals, there is potential for a more pronounced effect in individuals with pre and state 1 103 

hypertension. Therefore, further placebo-controlled investigations concerning its influence on 104 

outcomes pertinent to hypertension may be of both practical and clinical relevance. 105 

Aims & Objectives 106 

The aim of this trial is to investigate the effects of 20-days of twice daily peppermint 107 

supplementation in individuals with pre and state 1 hypertension compared to placebo. The 108 

primary objective of this placebo randomized trial is to investigate the effects of peppermint 109 

supplementation on systolic blood pressure relative to placebo. Its secondary objectives are to 110 



determine whether peppermint supplementation impacts upon other risk factors for 111 

hypertensive and cardiometabolic disease. 112 

Hypotheses 113 

In relation to the primary outcome, peppermint oil will mediate statistically significant 114 

reductions in systolic blood pressure compared to placebo. Furthermore, for the secondary 115 

outcomes, peppermint oil will produce improvements in other cardiometabolic health 116 

parameters compared to placebo. 117 

Materials and Methods 118 

Study design and setting 119 

This study adheres to the latest guidelines for reporting parallel-group randomized trials [18]. 120 

The University of Central Lancashire in the city of Preston in Lancashire, Northwest England, 121 

will serve as the location for the trial. In accordance with our previous trial, this research 122 

follows a 20-day parallel design, incorporating randomized allocation with a placebo control 123 

[16] (Figure 1-2). After screening for eligibility and enrolment, participants will then be 124 

randomized at the individual level, using a computer program (Random Allocation Software) 125 

undertaken by an independent researcher to either a peppermint or placebo group. A permuted 126 

block randomization process will be adopted to ensure equal allocation to each trial arm based 127 

on the required sample size. Participants and the data analyst will be unaware of the study-128 

group assignments throughout  data collection. Indices, pertinent to hypertension, as described 129 

in detail below, will be assessed at baseline and after 20-days (post-intervention). In agreement 130 

with previous trials involving hypertensive individuals, the primary outcome measure will be 131 

the between-group difference in systolic blood pressure from baseline to post-intervention [16, 132 

19]. Secondary outcome measures will be between-group differences in anthropometric, 133 



haematological, diastolic blood pressure/ resting heart rate, psychological wellbeing and sleep 134 

efficacy indices. All experimental visits will take place in the morning and be undertaken in a 135 

≥10-hour fasted state. Participants will also be required to arrive hydrated and to avoid 136 

strenuous exercise, alcohol, and nutritional supplements 24 h and caffeine 12 h prior. 137 

@@@ Figure 1 near here @@@ 138 

@@@ Figure 2 near here @@@ 139 

Inclusion criteria 140 

Participants will be considered eligible for participation if they (1) are aged from 18-65 years; 141 

(2) fulfil the classification of pre-stage 1 hypertension outlined by the American Heart 142 

Association with an SBP in the range of 120 to 139 mmHg [20], (3) are not taking prescribed 143 

medicine for blood pressure management, (4) have the ability to complete written 144 

questionnaires independently and (6) are able to provide informed consent.   145 

Exclusion criteria 146 

Exclusion criteria are (1) diagnosed with diabetes mellitus and coronary heart disease; (2) 147 

pregnant and lactating women; (3) allergy to peppermint, (4) habitual consumption of 148 

peppermint products, (5) regular consumption of antioxidant supplements (5) body mass index 149 

(BMI) larger than 40.0 kg/m2 and (6) current enrolment in other clinical trials of other external 150 

therapies. 151 

Sample size 152 

Given the lack of randomized trial data in this population specifically for peppermint, a 153 

pragmatic a priori sample size calculation was undertaken based on our previous trial involving 154 

healthy individuals [16]. In this, we observed Cohen’s d = 0.81 for the primary outcome. 155 



Therefore, as we anticipate a larger effect of peppermint in individuals with pre and stage 1 156 

hypertension, we pragmatically selected a Cohen’s d = 0.85. This effect size, combined with 157 

the directional nature of our hypotheses, meant that to achieve α = 5% and β = 0.80, a total 158 

sample size of 36 is necessary. To account for a 10% dropout rate, which was conservatively 159 

estimated based on our previous trial [16], we adjusted the total sample size to 40 participants. 160 

Participants and recruitment 161 

Recruitment for this project commenced in December of 2023 and formal data collection began 162 

in January of 2024. We anticipate that recruitment will continue until July of 2025 and data 163 

collection until September of 2025. Both males and females of diverse races and ethnicities, 164 

who live in Preston and its surrounding areas, will be recruited. Recruiting materials will be 165 

placed using public patient bulletin boards as well as using social media. Individuals expressing 166 

interest in participation were provided with the chance to reach out to the research team for 167 

additional details about the study and to address any questions related to participation. Written 168 

informed consent will be acquired from all participants.  169 

Dietary intervention 170 

After the conclusion of their baseline data collection session, participants will be provided with 171 

either pure peppermint oil (Piping Rock Health, UK) or placebo. Participants randomized to 172 

the peppermint arm will be required to consume 50 µL of supplement diluted into 100 mL of 173 

water twice daily: once in the morning and again in the evening [16, 17]. The placebo condition 174 

will involve the consumption of a peppermint flavoured cordial (Schweppes, Schweppes 175 

Geneva) in the same quantity and manner as the peppermint group. The placebo is the same 176 

colour as the peppermint supplement, without the presence of peppermint. To ensure effective 177 

blinding, identical opaque 15 mL dropper bottles without any labels, will be supplied to 178 



participants in both the placebo and peppermint trial groups, with the only difference being the 179 

solution i.e. placebo or peppermint that they contain. This method of placebo preparation has 180 

been shown by previous analyses to provide an effective blinding strategy [16, 21]. 181 

Additionally, all supplements will be prepared by an independent researcher to maintain 182 

blinding, ensuring that the trial researchers are also unaware of the participants' allocations. 183 

Throughout the study, the participants will be encouraged to maintain their habitual diet and 184 

exercise routines; and asked to refrain from consuming any other peppermint supplements. 185 

Participants will also be asked to keep a 4-day diet diary prior to the baseline assessment and 186 

before the follow-up examination at the end of the 20-day treatment period [19]. This will 187 

ensure that there are no differences in dietary patterns between groups and that participants 188 

have not made significant changes to their nutritional approach that could influence the study 189 

outcomes. For their post-intervention data collection session, all participants will be asked to 190 

return any un-used supplementation/ placebo to the laboratory in order to determine the % 191 

compliance in each group. Furthermore, in order to examine blinding efficacy, each participant 192 

will be asked to which trial arm that they felt that they had been allocated to at the conclusion 193 

of their post-intervention data collection session. Participants displaying any adverse events 194 

will be discontinued from the study at the earliest opportunity and in both groups loss to follow 195 

up will be monitored, as will be any adverse events. 196 

Data collection 197 

Laboratory visit data 198 

All measurements will be made at University of Central Lancashire’s physiology and nutrition 199 

laboratories and will be undertaken in an identical manner on two occasions i.e. baseline and 200 

post-intervention. The laboratories housed by the University of Central Lancashire are fully 201 



accredited by the British Association for Sport & Exercise Sciences, illustrating that they have 202 

undergone meticulous inspection and evidenced that; all instrumentation is well maintained in 203 

terms of reliability, validity and routine servicing, staff have the appropriate professional and 204 

vocational qualifications and that the requisite operational procedures for health and safety are 205 

met. 206 

Blood pressure and resting heart rate 207 

Blood pressure and resting heart rate measurements will be undertaken in an up-right seated 208 

position at the end of the above-described resting energy expenditure test. Both peripheral 209 

measures of systolic and diastolic blood pressure and resting heart rate will be measured via a 210 

non-invasive, automated blood pressure monitor (OMRON M2, Kyoto, Japan), adhering to the 211 

recommendations specified by the European Society of Hypertension [22]. Three readings will 212 

be undertaken, each separated by a period of 1 min [23], and the mean of the last 2 readings 213 

used for analysis. 214 

Anthropometric measurements 215 

Anthropometric measures of mass (kg) and stature (m) (without footwear) will be used to 216 

calculate body mass index (kg/m2). Stature will be measured using a stadiometer (Seca, 217 

Hamburg, Germany) and mass will be measured using weighing scales (Seca 875, Hamburg, 218 

Germany). In addition, body composition will be examined using a phase-sensitive 219 

multifrequency bioelectrical impedance analysis device (Seca mBCA 515, Hamburg, 220 

Germany) [24], allowing percentage body fat (%) and fat mass (kg) to be quantified. Finally, 221 

waist circumference will be measures at the midway point between the inferior margin of the 222 

last rib and the iliac crest and hip circumference around the pelvis at the point of maximum 223 



protrusion of the buttocks, without compressing the soft tissues [25]; allowing the waist-to-hip 224 

ratio to be quantified. 225 

Haematological testing 226 

Capillary blood samples will be collected by finger-prick using a disposable lancet after 227 

cleaning with a 70% ethanol wipe. Capillary triglyceride, total cholesterol and glucose levels 228 

(mmol/L) will immediately be obtained using three handheld analyzers (MulticareIn, Multicare 229 

Medical, USA). From these outcomes’ LDL cholesterol (mmol/L) will firstly be quantified 230 

using the Anandarja et al., [26] formula using total cholesterol and triglycerides as inputs. In 231 

addition, HDL cholesterol (mmol/L) will also be calculated by re-arranging the Chen et al., 232 

[27] equation to make HDL the product of the formulae. Both of these approaches have been 233 

shown to have excellent similarity to their associated lipoprotein values examined using 234 

immunoassay techniques r=0.948-0.970 (Millán et al., 2009; Chen et al., 2010). The ratios 235 

between total and HDL cholesterol and between LDL and HDL cholesterol levels will also be 236 

determined in accordance with Millán et al., [29]. Finally, the triglycerides and glucose (TyG 237 

index) will be calculated as the natural logarithm of the product of plasma glucose and 238 

triglycerides divided by two [29]. 239 

Questionnaires 240 

Sleep quality has been shown to be diminished in patients with hypertension and 241 

cardiometabolic disease [30], and supplementation of peppermint has been demonstrated to 242 

enhance sleep quality [31]. Therefore, general sleep quality will be examined using the 243 

Pittsburgh sleep quality index [32], daytime sleepiness using the Epworth Sleepiness Scale [33] 244 

and symptoms of insomnolence via the Insomnia Severity Index [34]. These questionnaires 245 

will be utilized cooperatively to provide a collective representation of sleep efficacy.  The 246 



Pittsburgh sleep quality index measure consists of 19 individual items, creating 7 components 247 

(subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance, use 248 

of sleep medication, and daytime dysfunction) that produce a global score ranging from 0 to 249 

21, with lower scores denoting a healthier sleep quality. The Epworth Sleepiness Scale con-250 

sists of a list of eight scenarios in which tendency to become sleepy is rated on a scale of 0–3. 251 

The total score is the sum of these responses and ranges from 0 to 24, with higher scores 252 

indicating increased sleepiness. The Insomnia Severity Index features seven questions in which 253 

sleep difficulty is rated on a scale of 0–4. The total score is the sum of these responses and 254 

ranges from 0 to 28, with higher scores indicating greater sleep difficulty.  255 

Because psychological wellbeing is lower in those with hypertension and cardiometabolic 256 

disease [35], general psychological wellbeing will be examine using the COOP WONCA 257 

questionnaire [36], depressive symptoms using the Beck Depression Inventory [37] and state/ 258 

trait anxiety with the State Trait Anxiety Inventory [38]. Once again, these scales will be 259 

utilized conjunctively to provide a collective depiction of psychological wellbeing. These 260 

scales were utilized conjunctively to provide a collective depiction of psychological wellbeing. 261 

The COOP WONCA questionnaire comprises six scales (physical fitness, feelings, daily 262 

activities, social activities, change in health and over-all health) designed to measure functional 263 

health status on a scale ranging from 1 to 5. The final score is the mean of the  six scales, with 264 

a higher score indicating reduced functional health. The Beck Depression Inventory is a 21-265 

item questionnaire in which depressive symptoms are rated on a scale of 0–3. The total score 266 

is the sum of these responses and ranges from 0 to 63, with higher scores indicating greater 267 

depression. Finally, the State-Trait Anxiety Inventory uses 20 items to assess trait anxiety and 268 

20 to examine state anxiety, rated on a scale of 0–4. The total score for both trait anxiety and 269 

state anxiety is the sum of these responses foreach component and scores range from 20 to 80, 270 

with higher scores denoting greater anxiety.  271 



Data management 272 

The collection and storage of data will adhere to the standard requirements of the UK Data 273 

Protection Act 2018. Data will be entered onto electronic spreadsheets, which will be stored on 274 

a secure university server using Microsoft OneDrive. All data will be treated confidentially and 275 

anonymized for evaluation. Hard copies of data and documents will be kept in a locked and 276 

secure filing cabinet for the duration of the study. Following completion of the study, data will 277 

be transferred to the University of Central Lancashire Research Data Archive (CLOK), where 278 

it will be kept for 7 years. Hard copies will be disposed of confidentially and electronic data 279 

deleted after this period of time. 280 

Statistical analysis 281 

Continuous experimental variables will be presented as mean values along with their 282 

corresponding standard deviations. To compare compliance levels between the trial arms, 283 

between-group linear mixed effects models will be utilized. In these models, group will be 284 

treated as a fixed factor, and random intercepts will be included for participants. 285 

All analyses of the intervention-based data will follow an intention-to-treat approach. To 286 

determine the effects of the intervention on all of the outcome measures, differences in the 287 

changes from baseline to 20-days between the two trial arms will be examined using linear 288 

mixed-effects models with a group modelled as a fixed factor and random intercepts by 289 

participants adopted, employing the restricted maximum-likelihood method [16]. For linear 290 

mixed models, the mean difference between groups in changes from baseline to 20-days (b) 291 

and 95% confidence intervals of the difference will be presented. As the experimental 292 

questionnaires yield data that are predominantly ordinal in nature, the aforementioned effects 293 

of the intervention between trial arms will be examined using Mann-Whitney U tests. Effect 294 



sizes will be calculated for the changes from baseline to 20-days between the two groups, using 295 

Cohen’s d, in accordance with McGough & Faraone, [39]. Cohen’s d values will be interpreted 296 

as 0.2 = small, 0.5 = medium, and 0.8 = large [40]. The efficacy of blinding will be assessed 297 

using a one-way chi-square (Χ2) goodness-of-fit test [16]. Chi-square analyses will be 298 

calculated using Monte-Carlo simulation to determine probability values. All statistical 299 

analyses will be performed using SPSS v29 (IBM Inc., SPSS, Chicago, IL, USA), and 300 

statistical significance will be considered at a P≤0.05 level. 301 

Safety reporting 302 

The Sponsor’s Adverse Event Reporting Procedures shall be followed for reporting adverse 303 

events. The clinical co-investigator will be in charge of assessing the cause and severity of 304 

adverse events, as well as ensuring that appropriate action is done. Data on adverse events will 305 

be gathered from the start of any study-related procedure (i.e., upon acquisition of written 306 

consent). The participant’s final trial contact will mark the end of the adverse event reporting 307 

period. 308 

Throughout the study, we will closely monitor and document both significant and non-serious 309 

adverse effects that may be associated with participation in the research or lead to withdrawal 310 

from the or study. Serious adverse events encompass any unfavourable medical event. In the 311 

event of any necessary modifications to the experimental protocol, we will promptly inform 312 

the study ethics committee for re-evaluation and approval, and the trial registry will be updated 313 

accordingly. During this period, data collection will be temporarily halted. Non-serious 314 

incidents, on the other hand, encompass medical occurrences that do not meet the criteria for 315 

serious adverse events. 316 

Ethics and dissemination 317 



This study has been granted ethical approval by the University of Central Lancashire Health 318 

Ethics Committee (HEALTH 01074) and has formally been registered as a trial 319 

(NCT05561543). When the data have been evaluated, participants who request to see a 320 

summary of the study results will be given that information. Publication in a peer-reviewed 321 

journal and presentation at both national and global scientific conferences will be the primary 322 

means of disseminating the study findings from this trial. 323 

Conclusions 324 

The proposed placebo randomized controlled trial aims to investigate the effects of peppermint 325 

supplementation in individuals with pre and stage 1 hypertension. The study seeks to determine 326 

the effectiveness of a 20-day intervention involving twice-daily peppermint supplementation 327 

on various aspects of this disease modality. The primary objective of this trial is to assess the 328 

impact of the intervention on systolic blood pressure. Additionally, the study will utilize other 329 

health-related questionnaires to gather information on different aspects of hypertensive health 330 

including anthropometric, haematological, diastolic blood pressure/ resting heart rate, 331 

psychological wellbeing and sleep efficacy indices. The predicted outcomes of this trial suggest 332 

that peppermint supplementation will lead to significant improvements in systolic blood 333 

pressure compared to the placebo. Should the findings of this randomized controlled trial 334 

support these predictions, they would provide valuable and clinically significant information. 335 

Given the debilitating nature of hypertension, its associated healthcare costs, as well as the 336 

negative effects of this condition on quality of life and psychological well-being, the results 337 

could have practical implications for improving the management and treatment of early-stage 338 

hypertension using peppermint supplementation. 339 

 340 
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Figure 1: SPIRIT schedule of enrolment, interventions, and assessments. 480 
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Figure 2: Consort diagram describing the study design. 482 


