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[bookmark: _Toc40271511]1.1 Full/long study title

Peripheral chemoreflex regulation of sympathetic outflow and venous function in human hypertension

[bookmark: _Toc40271512]1.2 Short study title 

Peripheral chemoreflex and the veins in hypertension
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	Study Design
	Single centre, case control (study 1), placebo controlled (study 2), interventional study.

	Study Participants
	Patients with essential hypertension and healthy individuals

	Planned Size of Sample 
	Up to 80 total 

	Planned Study Period
	2 years

	Research Question/Aim(s)

	High blood pressure (hypertension) affects one in three people, and remarkably ~50% of treated patients remain hypertensive. We need to better understand the mechanisms regulating blood pressure in hypertensive patients if new therapies are to be devised. 

Current treatments target the heart and arterial resistance, but the ‘forgotten’ venous circulation has been largely neglected. We hypothesize that high levels of sympathetic activity in hypertension result in profound constriction of the veins, and that ameliorating this may be an effective way to help control arterial pressure. 

Our extensive work in hypertensive animal models indicates that the carotid bodies develop tonicity and heightened reflex sensitivity due to excessive ATP bioavailability acting via purinergic (P2) receptors, which drive sympathetic outflows. We wish to determine whether a non-selective P2 receptor blocker reduces peripheral chemoreflex sensitivity, sympathetic activity, venous tone and blood pressure in humans with hypertension. 

This project will provide novel mechanistic insights into carotid chemoreflex regulation and the neural control of the venous circulation. Translating insights from our animal models of hypertension into the human setting will lay the groundwork for future studies, potentially leading to a paradigm shift in the future treatment of hypertension.


	Key MeSH Terms
	Chemoreceptor cells, hypertension, sympathetic nervous system
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[bookmark: _Toc40271518]2.1 Background
Hypertension – the ‘silent killer’
It is estimated that one-third of the adult population in New Zealand suffers from hypertension1, while worldwide ~1 billion people are currently affected2. Hypertension is a powerful independent predisposing factor for coronary heart disease, stroke and heart failure3, and thus has a considerable socio-economic cost4. However, despite treatment only ~50% of patients have adequate BP control, both in New Zealand5 and elsewhere6. There have been no new safe anti-hypertensive medications for >20 years7 and a better understanding of the mechanisms regulating BP in hypertensive patients is required if new therapies are to be devised.

There is accumulating evidence that sympathetic activation plays a causative role in both triggering and sustaining the hypertensive state8-13, and also elicits end-organ damage14, 15. As such, the sympathetic nervous system constitutes an important therapeutic target in hypertension, but has proven largely resistant to current frontline anti-hypertensive medications13. Thus, to develop effective countermeasures it is essential to identify the mechanisms driving the increase in sympathetic nerve activity (SNA), and the associated end-organ responses, in hypertension16. This may have wider implications for other diseases in which sympathetic overdrive exists (e.g. heart failure, sleep apnea, rheumatoid arthritis)14, 17.

The chemoreflex as a novel therapeutic target in hypertension
Peripheral chemoreceptors are located in the carotid and aortic bodies and are responsive to decreases in the partial pressure of oxygen (PO2), and increases in both partial pressure of carbon dioxide (PCO2) and H+ ions18. Activation of the carotid chemoreceptors cause marked reflex increases in ventilatory drive and SNA directed towards the heart, kidneys and peripheral vasculature18. The carotid bodies have recently emerged as a potential therapeutic target for treating hypertension19, 20 and heart failure21-23. Recent studies have demonstrated the development of aberrant discharge and raised peripheral chemoreflex sensitivity in hypertension20, 24, 25, that drives a long-term increase in SNA resulting in a chronically sustained neurally-mediated hypertension20, 25-27. Unilateral carotid body resection was shown to lower BP in ~60% patients with drug resistant hypertension19. However, removing the carotid bodies is an irreversible procedure with a risk of unwanted side-effects, therefore it is more desirable (and safer) to pharmacologically assuage carotid body aberrant signaling.

The ‘forgotten’ circulation
Cardiovascular research and therapeutic interventions have focused overwhelmingly on the heart and arterial circulation, while investigation and understanding of the venous circulation has been neglected28-30. The sympathetic nervous system has an underappreciated influence on venous tone31 and while the arterial system has been well studied32, there is a near-complete dearth of data on the autonomic control of venoconstrictor tone in hypertension. The veins store two-thirds of the blood volume, but rather than being a passive reservoir, they contain vascular smooth muscle, adrenergic receptors (especially on mesenteric veins) and are richly innervated by the sympathetic nerves which constantly adjust venous compliance33. Our pilot data in rats shows that sympathetic outflow to venous beds is distinct from that to the arterial circulation, suggesting differential control (Fig 1). Thus small changes in venous tone can very rapidly mobilize venous blood into the arterial circulation34, 35, with the potential to greatly impact BP and the pathogenesis of hypertension33.[image: ] Fig 1. Venous sympathetic activity (V; ∫=integrated). We show that whilst venous sympathetic activity is under baroreceptor (‘Baro stim’) control, but displays an activity pattern distinct from lumbar and thoracic activity. 


Hypertension, the peripheral chemoreflex and venous function [image: ]Fig 2. Venous tone (mean circulatory filling pressure) can be reduced in spontaneously hypertensive rat by carotid body denervation.

Reduced venous compliance and capacitance are reported in several hypertensive animal models36-40. Increased venoconstrictor tone in the spontaneously hypertensive rat is abolished by ganglionic blockade36, suggesting that it is of a sympathetic origin. Furthermore, an augmented adrenergic responsiveness has been observed in an experimental rabbit model of hypertension41. Data from our research team has shown that venous tone can be reduced in hypertensive rats by denervating the carotid chemoreceptors (see Fig 2). 

In studies of human hypertension decreased venous compliance has been reported42, 43, although not universally44, 45. These discrepant findings may relate to the method used, i.e., isolated veins vs. whole-limbs, with the latter approach being inferior as vasoconstriction may mimic venoconstriction by reducing pressure in small post-capillary venules46. High-resolution ultrasound methods now provide a reproducible method for non-invasively assessing human vein function47, 48. However, no studies have used this approach in human hypertension to assess either venous compliance or responsiveness to sympathetic activation. Moreover, the tonic influence of the carotid chemoreflex on the venous system has not been assessed in human health or disease. Given the known increase in carotid chemoreflex tonicity/sensitivity with hypertension20, 24, 25 that drives SNA and raises BP20, 25-27, it is important to understand whether venous tone is elevated in human hypertension due to carotid chemoreflex-mediated sympathoexcitation and whether ameliorating carotid body activity might cause venodilatation to lower arterial blood pressure. 

Purinergic signaling mechanisms
Although there are a multitude of transmitters and receptors within the carotid body49, adenosine tri-phosphate (ATP) is a major player50. ATP is released from glomus type I cells in response to hypoxia. ATP stimulates P2 receptors that are either ligand-gated ion channels (P2X) or G protein-coupled P2Y receptors51. Importantly, the local blockade of P2X3 receptors within the carotid body has been demonstrated to lower SNA, whereas their systemic blockade reduced blood pressure in hypertensive rats, suggesting that this tonicity was driving aberrant sympathetic vasoconstriction (of arterioles)20. Pyridoxine hydrochloride (i.e. vitamin B6) can be safely given to humans and is converted into pyridoxal-5-phosphate52, 53, a non-selective P2 receptor blocker54. Interestingly, vitamin B6 deficiency has been associated with hypertension in epidemiological studies55, 56, but the mechanism is unclear. Vitamin B6 deficient rats exhibit sympathoexcitation and hypertension, while dietary vitamin B6 supplementation reduces SNA and BP in rats57, 58. 

To date, only a single study has considered the effect of pyridoxine supplementation (5 mg·kg-1·day-1, 4 weeks) on office BP in hypertensive individuals and noted a hypotensive effect59. However, no placebo control group was included, thus non-pyridoxine specific effects cannot be ruled out. The mechanism for this reduction remains enigmatic and is a focus of this application as we wish to assess whether it is acting on the carotid body. 

[bookmark: _Toc40271519]2.2 Aims and objectives

[bookmark: _Toc40271520]2.2.1 Central Hypothesis

In human hypertension, peripheral chemoreflex sensitivity is heightened due to dysfunctional purinergic signaling, causing sympathetic overdrive and augmented venoconstrictor tone.

[bookmark: _Toc40271521]2.2.2 Primary Objective

Determine the influence of the peripheral chemoreflex on venous function, and reveal whether pharmacological attenuation of purinergic signaling reduces peripheral chemoreflex sensitivity, sympathetic nerve activity and venoconstrictor tone, in human hypertension. 

[bookmark: _Toc40271522]2.2.3 Specific hypothesis 1

In human hypertension, venous compilance is decreased and that the responses to chemoreflex activation (hypoxia) and inactivation (dopamine) are augmented, revealing hyper-sensitivity and generation of aberrant tonicity. 

[bookmark: _Toc40271523]2.2.4 Specific hypothesis 2

Pyridoxine reduces peripheral chemoreflex sensitivity, SNA, venoconstriction and BP in humans with hypertension.

[bookmark: _Toc40271524]2.3 Outcome measures

[bookmark: _Toc40271525]2.3.1 Primary Outcome

· Venous compliance
[bookmark: _Toc40271526]2.3.2 Secondary Outcome

· Muscle SNA and ventilatory responses to hypoxia (i.e., peripheral chemoreflex sensitivity)
[bookmark: _Toc40271527]2.4 Expected value of results

An understanding of new mechanisms by which BP is controlled in hypertension is critically important as the problem is worsening and it triggers subsequent cardiovascular diseases. Controlling BP would save and prolong lives and reduce hospitalizations. In this project, our world-class team will investigate a largely neglected mechanism of BP control and an entirely novel therapeutic target. Those presently available are poorly tolerated. We believe that pharmacological suppression of purinergic signaling will lower peripheral chemoreflex sensitivity, SNA, venoconstrictor tone and thus BP in hypertension. This is highly relevant as there is a P2X2/3 receptor antagonist in clinical trials for chronic cough60, which may become available for testing in humans with hypertension. A positive outcome from these studies would help entice a future study using this selective antagonist in Auckland, which could provide new BP treatment and the first treatment to curb excessive sympathetic activity in hypertensive patients.

[bookmark: _Toc40271528]3 STUDY DESIGN

[bookmark: _Toc40271529]3.1 Study setting

Data will be collected in the Human Cardiorespiratory Physiology Laboratory, Department of Respiratory Physiology, Auckland City Hospital, Auckland DHB. 

[bookmark: _Toc40271530]3.2 Participants

[bookmark: _Toc40271531]3.2.1 Inclusion criteria 

· Patients with essential hypertension (At least Stage 2 hypertension; untreated office SBP ≥140 mmHg or DBP ≥90 mmHg);
· Normotensive controls (office SBP < 120 mmHg and DBP < 80 mmHg); 
· Men and women;
· Aged over 18 years;
· Body mass index <35 kg/m2.
[bookmark: _Toc40271532]3.2.2 Exclusion criteria 

· Significant arrhythmias (e.g., atrial fibrillation, previous VT / significant ventricular ectopy)
· Hemodynamically significant valvular heart disease (e.g., stenosis, mechanical valve replacement)
· Severe left ventricular systolic dysfunction
· Recent acute coronary syndrome (<12 months) (e.g., MI, angioplasty, unstable angina)
· Previous coronary artery bypass surgery
· Secondary causes of hypertension (e.g., phaeochromocytoma) 
· Recent stroke/TIA (<12 months)
· Current smoker
· Body mass index <18 kg/m2.
· Current pregnancy
· Current user of recreational drugs
· Current abuser of alcohol
· Inability to fully or appropriately provide consent (e.g., language issue, reading capability)
· Underlying medical conditions, which in the opinion of the Investigator place the participant at unacceptably high risk for participating in the study.
Chronic and systemic illness including:
· Severe respiratory disease (e.g., chronic obstructive pulmonary disease);
· Severe, uncontrolled type II diabetes;
· Current treatment for cancer or complete remission <5 years
· Connective tissue or inflammatory disease
· Neurological / psychiatric disease (e.g., peripheral neuropathy, dementia, Parkisnon’s, epilepsy)
· Infection or pyrexial illness
· Uncontrolled thyroid disorders
· Renal impairment (e.g., eGFR <60)
· Liver disease
[bookmark: _Toc40271533]3.2.3 Recruitment

· Patients with essential hypertension will be recruited from specialist tertiary hypertensive clinics and GP surgeries across the region. We have formed a clinical hypertension research network spanning private practice and 5 district health boards around the Auckland region;
· [bookmark: _Hlk40257636]Normotensive controls will be recruited from the local communities using posters, email announcements and social media sites;
· These recruitment materials will direct interested potential participants to seek telephone or email contact with the research team;
· A member of the research team will then answer any questions and forward a Participant Information Sheet. A follow up call or email exchange will be initiated to ascertain if the potential participant meets the inclusion criteria (outlined in the Participant Information Sheet) and agrees to participate, an appointment for the experimental study visit will be booked.
[bookmark: _Toc40271534]3.2.4 Consent

A member of the research team will obtain written informed consent using the Consent Form. A Participant Information Sheet will be given to each potential participant prior to recruitment and the risks and benefits of participating in the study will be clearly explained (as described above). The participant will be given ample time to read the information sheet and the opportunity to enquire about details on the study. All questions or concerns should be answered to the satisfaction of the participant. It will be explained that they are free to decline to take part and will be informed about their right to withdraw from the study at any time. If the individual agrees to take part in the study they will be asked to sign and date the Consent Form that will also be signed and dated by the Investigator. Throughout the study the individual will have the opportunity to ask questions about the study and any new information that may be relevant to the participant’s willingness to continue participation in the study will be shared in a timely manner allowing them to opt out.

[bookmark: _Toc40271535]3.3 Study visits 

To address the specific hypothesis advanced, two inter-related studies are proposed. 

Study 1: Is venous compliance reduced, and responses to chemoreflex activation [hypoxia] and inactivation [dopamine] augmented, in human hypertension? Patients with hypertension (n=20) and normotensive controls (n=20) will attend the laboratory for one familiarisation / screening visit and one experimental visit. As described in detail below, at the experimental visit venous compliance will be assessed47, 48 under control, hypoxic (chemoreflex activation; PETO2 ~45 mmHg) and low-dose dopamine (chemoreflex inactivation; 2 µg·min-1·kg-1)61 conditions. Low-dose dopamine will be prepared by Auckland Pharmacy Clinical Trials Department, Auckland District Hospital.

Study 2: Does pyridoxine administration reduce peripheral chemoreflex sensitivity, SNA, and BP, and enhance venous compliance, in human hypertension? Hypertensive participants (n=40) will attend the laboratory for one familiarisation / screening visit and two experimental sessions spaced by 4 weeks. As described in detail below, at the experimental visits chemoreflex activation and venous compliance will be assessed47, 48. Between experimental sessions participants will be 1:1 randomized to take either an oral pyridoxine supplement (5 mg·kg-1·day-1)59 or placebo pill for 4 weeks, according to double-blind design. Supplement preparation, blinding and dispensing will be undertaken by Auckland Pharmacy Clinical Trials Department, Auckland District Hospital.

[bookmark: _Toc40271536]3.3.1 Familiarisation / screening visit 

An initial familiarisation visit will be conducted (~45 min) where an investigator will explain the nature of the procedures, answer any questions and obtained written informed consent (as described above). Subsequently, anthropometric (height, weight, hip-to-waist ratio), demographic, clinical information will be collected (Health Screening Questionnaire attached).

[bookmark: _Toc40271537]3.3.2 Study 1: Experimental protocol

Patients with hypertension and normotensive controls will attend the laboratory for one experimental visit (~2 hours). Experimental sessions will be conducted at the Human Cardiorespiratory Physiology Laboratory, Level 7, Respiratory Physiology Department, Auckland City Hospital, Auckland DHB. This visit will be scheduled ~2-7 days after the initial familiarisation / screening visit, as appropriate. However, premenopausal women will be studied during the first five days of their menstrual cycle (early follicular phase) or during the placebo/no-hormone phase of oral contraceptive use, as appropriate. Patients will withhold their morning medications until the end of the experimental session in order to limit confounding effects. The procedures will be reviewed again with the participant and remaining questions answered. Prior to the study visit participants will have been provided with a participant information leaflet, advising them of the following pre-study stipulations:

· No food intake for 2 hours prior to the study.
· No caffeine (e.g., coffee, coke, red bull) for 12 hours before the study. 
· No alcohol on the day before the study and the day of the study.
· No exercise after 8:00pm the evening before the study and no exercise on the day of the study.
· No ‘over the counter’ (e.g. paracetamol) or cardioactive medications (beta-blocker, ACE inhibitor, angiotensin receptor blockers, calcium antagonists, diuretics (e.g., spironolactone), alpha blockers) on the morning of the study. Patients are advised to bring these medications [if needed to,] to the study appointment so they can take the usual medication immediately after the research tests (by late morning).
Participants will be asked to lie in a semi−recumbent position on a bed and an intravenous catheter positioned into a superficial arm/hand vein. Following this participants will be instrumented for monitoring of heart rate, BP, respiration and monitoring of the diameter of a vein in the lower leg (i.e., popliteal or long saphenous vein). These measurement procedures are described in detail below (Section 3.3.4). Vein compliance will be assessed using Doppler ultrasound and a standard proximal cuff deflation protocol47, 48. This vein compliance procedure will be repeated under three conditions: control (saline), chemoreflex activation (hypoxia; PETO2 45 mmHg) and during chemoreflex inactivation (low-dose dopamine; 2 µg·min-1·kg-1)61. Conditions will be isocapnic, separated by ~20 min and randomized. The vein compliance assessment protocol is described in detail below, along with the chemoreflex inactivation protocols. Low-dose dopamine will be prepared by Auckland Pharmacy Clinical Trials Department, Auckland District Hospital.

[bookmark: _Toc40271538]3.3.3 Study 2: Experimental protocol

Hypertensive participants will attend the laboratory for two identical experimental sessions spaced by 4 weeks (~2 hours each). Experimental sessions will be conducted at the Human Cardiorespiratory Physiology Laboratory, Level 7, Respiratory Physiology Department, Auckland City Hospital, Auckland DHB. The first experimental visit will be scheduled ~2-7 days after the initial familiarisation / screening visit, as appropriate. Patients will withhold their morning medications until the end of the experimental session in order to limit confounding effects. The procedures will be reviewed again with the participant and remaining questions answered. Prior to the experimental visit participants will be advised to follow the same pre-study stipulations as stated for Study 1.

As for study 1, participants will be asked to lie in a semi−recumbent position on a bed, an intravenous catheter positioned into a superficial arm/hand vein, and a venous blood sample obtained (~20 ml) for plasma biochemistry, catecholamines, and pyridoxine (plus metabolites; e.g., pyridoxal-5-phosphate) measures. Following this participants will be instrumented for monitoring of heart rate, BP and respiration. Lower limb vein compliance will be assessed using Doppler ultrasound and a standard proximal cuff deflation protocol47, 48, as described below. A muscle sympathetic nerve activity recording will then be obtained. After a baseline of 20 min, a hypoxic stimulus will be delivered while isocapnia is maintained for 5 min (i.e., PETO2 45 mmHg and PETCO2 ~40 mmHg) chemoreflex sensitivity will be calculated as the peak increase in ventilation and muscle SNA62. 

At the end of the experimental session, patients will be provided with a 24-hr BP monitor. They will be asked to wear this over the following 24-hr period and return the device using the postage materials provided. 

Between experimental sessions participants will be 1:1 randomized to take either an oral pyridoxine supplement (5 mg·kg-1·day-1)59 or placebo pill for 4 weeks, according to a double-blind design. Supplement preparation, blinding and dispensing will be undertaken by Auckland Pharmacy Clinical Trials Department, Auckland District Hospital.

[bookmark: _Toc40271539]3.3.4 Measured variables and assessment procedures

The investigators have extensive experience of conducting human physiological investigations and using the experimental techniques and procedures outlined below (e.g. 17, 19, 63-66). 

Breathing monitoring: Participants will wear a mouthpiece/noseclip or oronasal mask (Hans Rudolph) attached to a heated pneumotachograph connected to a differential pressure transducer to measure bidirectional airflow (Hans Rudolph). Ports will allow the measurement of the percentage of CO2 and O2 (ADInstruments) in the expirate. Respiratory chest movements will be monitored with a belt placed around the thorax.

Cardiovascular monitoring: Brachial BP will be measured with a clinically validated automated sphygmomanometer (Omron), using a cuff wrapped around the upper arm. Beat-to-beat BP will be measured using finger photoplethysmography, using a small lightweight cuff wrapped around the finger. This will also be used to estimate stroke volume (SV) using a pulse contour method (Finometer PRO, Finapres Medical Systems)67. Heart rate will be measured using standard electrocardiogram involving the placement of several sticky patch electrodes on the collarbones and chest (standard 3 lead ECG). Cardiac output will be calculated as SV x HR. Arterial oxygen saturation will be monitored continuously and non-invasively with finger pulse oximetry (ADInstruments). 

Sympathetic nerve monitoring: A small, sterile wire (unipolar tungsten microelectrodes, tip measuring 1-5 ųm) will be inserted near the fibular head on the outside of the leg, to obtain a multiunit recording of postganglionic muscle SNA from the peroneal nerve, using published techniques68, 69. When the nerve is located participants may notice a transient tingling sensation. The participants will be asked to keep their leg as still as possible during the study. This ‘microneurography’ technique has been used over the last ~50 years to measure nerve activity. It is a safe procedure with minimal side effects. Established approaches will be used to process and verify an acceptable recording of muscle SNA68, 69. Multiunit sympathetic bursts will first be identified by visual inspection and further evaluated using an interactive computer analysis program70. The raw neurogram (filtered and amplified) will be analysed offline for the detection of single unit sympathetic action potentials using action potential shape recognition software71. We have successfully performed the microneurography technique without adverse events in studies of healthy subjects64, 72, 73 type II diabetics74, chronic heart failure75, rheumatoid arthritis17 and hypertension76, 77.

Venous compliance assessment: Lower limb vein diameter will determined using high-resolution Doppler ultrasound (uSmart 3300, Terason) coupled with automated edge detection and wall tracking of arterial images72, 78. This ultrasound examination is similar to the scan done for pregnant women, but a large vein is examined. This is a simple and safe procedure and involves a probe being put on the participants’ skin over the region of interest with the help of a ‘water jelly’. Commercially available software will be used for vessel edge detection and tracking of high-resolution arterial ultrasound images. 

A resting longitudinal ultrasound image of a lower limb vein will be obtained and pressure-diameter relationships will be generated using an established method47, 48. Specifically, a venous collecting cuff (~24 cm width) is placed around the thigh proximal to the knee and connected to a rapid cuff inflator / external air source (D.E. Hokanson). The venous collecting cuff is then inflated to 60 mmHg for 8 min. Ultrasound images will be recorded for 10 s at the beginning of each minute during the 8-min occlusion period. After this 8-min period, collecting cuff pressure will be manually reduced at a rate of 1 mmHg/s from 60 to 0 mmHg. Longitudinal ultrasound images will be measured continuously during the deflation period. Venous compliance calculations are described below (3.4.1. Data Analysis).

Low-dose dopamine (Chemoreflex inactivation): Systemic administration of low-dose dopamine (i.e. 2 μg kg−1 min−1) is an established method of acutely reducing the responsiveness of the carotid chemoreceptors in humans79-81. The authors have experience of using this approach to investigate the influence of human hypertension66 and high altitude hypoxia64 on carotid chemoreflex sensitivity. Dopamine infusion will be commenced a minimum of 10 min before any data collection.

Blood samples: Blood samples will be processed (e.g., centrifuged) and plasma/ serum stored at the Auckland Regional Tissue Bank (https://www.aucklandregionaltissuebank.ac.nz/). Samples will be assessed for standard clinical biochemistry (e.g., glucose, cholesterol), catecholamines and pyridoxine plus metabolites (e.g., pyridoxal-5-phosphate).

[bookmark: _Toc40271540]3.4 Data analysis

[bookmark: _Toc40271541]3.4.1 Data analysis

Body mass index (BMI) will be expressed as the ratio between participant’s weight and the square of their height. Analogue signals for ECG, BP, sympathetic nerve activity and respiration will be sampled simultaneously, and beat-to-beat or breath-by-breath time series derived, before averages are calculated for each experimental period (ADInstruments). Venous compliance will be calculated from the longitudinal ultrasound images measured continuously during the cuff deflation protocol. Vein cross-sectional area (CSA) will be calculated from the diameter measurements (with the equation ϖ * radius2) and plotted against cuff pressure. A quadratic regression will be applied to model the data (SigmaPlot, Chicago, IL). The regression parameters 1 and 2 will be used as an estimate of venous compliance 48. The following equations were used: 1) popliteal vein CSA = 0 + 1 (cuff pressure) + 2 (cuff pressure)2, and 2) popliteal vein compliance = 1 + 2 2 (cuff pressure). The regression parameter 0 will be used as an estimate of the capacitance response for each trial.

[bookmark: _Toc40271542]3.4.2 Statistical analyses

Anthropometric (e.g., BMI) and demographic (e.g., age) information gathered at primary screening will be quantified using basic statistics (mean, SD, Median, IQR) and graphical presentations (boxplots, histograms, scatter plots). Likewise levels of primary and secondary outcomes will be similarly reported. Normal distribution will be evaluated using Shapiro-Wilk tests. Comparisons of normally distributed physiological variables between groups will be made using a t-test, and non-normally distributed data evaluated using a Mann–Whitney U test. In the event of potential confounding differences in baseline characteristics, analysis of covariance (ANCOVA) will be employed. Statistical analysis will performed using Sigmaplot 13.0 (Systat Software Inc, London, UK). Significance will be set at p < 0.05. Normally distributed data will be presented as mean (SD) while non-normally distributed data will be presented as median [interquartile range]. 

[bookmark: _Toc40271543]3.4.3 Size of sample

For Study 1, based on Young et al48 who reported a popliteal vein compliance of -0.045±0.0185 mm2·100mm-2·mmHg-1 (mean±SD) in normotensives, a sample size of n=20 per group (i.e., n=20 hypertension, n=20 normotension) would yield a minimal detectable difference of 0.0168 mm2·100mm-2·mmHg-1 at 80% power and 5% alpha. 

For Study 2, based on Aybak et al59, n=20 per group (n=40 total) would yield a detectable difference of 9 mmHg in mean BP following treatment (unpaired design) assuming a SD of 10 mmHg, at 80% power and 5% alpha. 

[bookmark: _Toc40271544]4 RESPONSIVENESS TO MĀORI

[bookmark: _Toc40271545]4.1 Potential benefit to Māori

Hypertension (high BP) is of pandemic proportion. Despite being a modifiable risk factor for the prevention of stroke, cardiac arrest, heart failure and renal failure, at least one in three people have hypertension in New Zealand and the prevalence is greater in Māori. Given that there has been a complete dearth of new anti-hypertensive medications over the last 15 years, a better understanding of the mechanisms regulating BP in hypertensive patients is required if new therapeutic approaches are to be devised. The present study will provide important new information regarding the involvement of central and peripheral chemoreflexes dysfunction in the genesis of high BP. Such information may lead to future therapeutic studies targeting central and peripheral chemoreflexes via pharmacological, lifestyle and device-based approaches. 

[bookmark: _Toc40271546]4.2 Management of cultural issues

The researchers understand the importance of appropriate communication with Māori participants. We acknowledge that kanohi ki te kanohi is the most effective recruitment tool in Māori. When recruiting in studies such as this, research staff will always arrange an initial face to face meeting with the participants. Participants are also invited to bring whānau with them to this meeting. This meeting gives participants the opportunity to discuss the study and ask any questions they may have before deciding whether they would like to be involved. Participants will be given as much time as they need to consider participation in the study, including time to discuss with whānau. The protection of taonga of health and information are of primary importance in this study. The researchers recognise that knowledge belongs to the tangata whenua, and must not be removed or handed on without their express approval. Taonga is protected in this study through informed consent, confidentiality of patient information and approval by the Ethics Committee. 

We understand that many Māori consider their blood to be tapu and that participation in this type of study requires careful consideration. When donating a biological sample, such as blood, it may be appropriate to discuss participation with whānau / family member. We have included an optional section on the consent form for a whānau / family member to sign to indicate their support. In the Participant Information Sheet we also provide the contact details for the administrator for He Kamaka Waiora (Māori Health Team) should additional guidance be required. Finally, in the Consent Form an option is provided whereby a karakia can be requested to accompany the destruction of any unused samples at the end of this study.

[bookmark: _Toc40271547]4.3 Study consultation process

The planning and conduct of the investigators research program has been critically informed by several sources in terms of Māori responsiveness. In the first instance this has been provided by the ‘Responsiveness to Māori (R2M) team' sitting within the Office of the Tumuaki, Faculty of Medical and Health Sciences, University of Auckland. The researchers have also received valuable guidance from Dr Helen Wihongi, Director - Māori Health Research, He Kamaka Waiora I Waitematā and Auckland DHB. In addition, during the process of receiving research approval for Auckland DHB, this project will have been supported by the Māori Research Review Committee. 

The investigators are affiliated with the new Centre of Heart Research (Manaaki Mānawa) which is a strategic investment priority of the University of Auckland. At the core of the Centre’s governance structure is a Māori Advisory Committee which has broad representation across clinical and academic disciplines. The investigators will provide regular updates on the progress of their research to the Advisory Committee and draw on their expertise and networks to identify effective ways to share our findings with Māori communities including iwi and particularly those whānau affected by hypertension. 

[bookmark: _Toc40271548]5 ETHICAL AND REGULATORY CONSIDERATIONS

[bookmark: _Toc40271549]5.1 Assessment and management of risk

The protocols and physiological measures used in this project are well established and used in research laboratories around the world. The research team are experienced with all the procedures employed (e.g. 17, 19, 63-66). Therefore the risks associated with the study are low. To further minimise the risk associated with this investigation, studies will be undertaken in a dedicated clinical research laboratory at Auckland City Hospital, with medically trained personnel in close proximity, along with crash cart facilities, in the unlikely event that they are required.

Exposure to hypoxia (for peripheral chemoreflex activation) can cause mild hyperventilation and feelings of shortness of breath, light-headedness and discomfort. To minimise the risk of this, participants will be carefully familiarized (e.g., trained to rapidly remove mouthpiece if necessary), key physiological parameters (BP, arterial oxygen saturation) will be continuously monitored, and a trial will be terminated if arterial oxygen saturation <80%. In the unlikely event that any unusual sensations do not dissipate upon removal of the mouthpiece/mask and return to normal breathing, oxygen can be administered. 

The patients will receive an intravenous low-dose dopamine infusion at a rate of 2 μg/kg/min. This will require siting of an intravenous cannula by a research nurse or doctor. The dose of dopamine used in the study is lower than that often used in a clinical setting (routinely used in the coronary care units at a starting dose of 2.5 μg/kg/min), and we would expect dopamine at this dose to be well tolerated. Low-dose dopamine has been used to inhibit chemoreceptor function in other physiological studies without adverse effect 79, 81-91. Unlike high doses which stimulate alpha and beta adrenergic receptors in the cardiovascular system, lower doses are typically thought to target dopaminergic (D2) receptors which mediate carotid body activity 81. The documented side effects of dopamine according to the New Zealand Formulary are: nausea, vomiting, chest pain, palpitation, tachycardia, vasoconstriction, hypotension, dyspnoea, headache; less commonly bradycardia, hypertension, gangrene, mydriasis; rarely fatal ventricular arrhythmias (at high doses only). A medical doctor will be present at all times during the dopamine infusion and recovery period. The half-life of dopamine is <2 minutes in the body, so side effects can be rapidly limited by cessation of the infusion.

Vitamin B6 is a water-soluble vitamin that is present in many foods. It is converted into pyridoxal-5-phosphate52, 53, an active coenzyme forms of vitamin B6, which we are interested in because it has been identified as a non-selective P2 receptor blocker54. In this study patients will receive oral pyridoxine supplement (5 mg·kg-1·day-1 for 4 weeks), which we consider to be low risk. Severe and progressive sensory neuropathy has been identified with chronic administration of higher oral pyridoxine doses in the range of 1–6 g per day for 12–40 months 92. In contrast, studies of patients treated with vitamin B6 (average dose of 200 mg/day) for up to 5 years found no evidence of this effect 93. The New Zealand Formulary also states that nausea, headache and somnolence have been reported. The Patient Information Sheet will advise participants to inform the study team if they experience these issues and found them concerning, or in the unlikely event that they experience numbness or tingling of the fingers or toes. 

The potential risks of microneurography include a brief tiredness in the leg after the procedure. There is also a potential risk of temporary pins­and­needles sensation or increased sensitivity to touch in the leg following microneurography, which subsides after 24­48 hours. However, these side effects are infrequent, affecting approximately 1 in 10 participants. Since 1979, nerve recordings have been performed on thousands of subjects throughout the world (Europe, United States, South America, and Australasia) without complications. The Chief Investigator has previously performed nerve recordings in approximately 200 subjects without complications. 

[bookmark: _Toc40271550]5.2 Data protection and patient confidentiality 
[bookmark: _Hlk40269798]The participants name (i.e., a direct identifier) will appear on the Consent Form. Participants will be coded with a Participant Information Number and this will be used to store the other study data in a deidentified format. Consent Forms will be maintained at the University of Auckland and/or Auckland DHB in a locked filing cabinet in a department with security-limited access, along with all paper records (e.g., health history forms). De-identified data in an electronic format will be kept on secure and password protected University of Auckland servers. This electronic data includes the physiological signals (e.g., ECG, BP, sympathetic nerve activity, respiration and blood vessel function). Once deidentified the risk of reidentification is extremely low. Access to paper and electronic records will be restricted to the researchers, along with the Sponsor, regulatory authorities and the Health and Disability Ethics Committee. Analysis will take place by the study team led by Dr James P Fisher (using deidentified data). Blood samples will be stored by Auckland Regional Biobank (https://www.aucklandregionaltissuebank.ac.nz/). Auckland Regional Biobank will store the tissue specifically for this project. They will coordinate the appropriate analyses of these samples as specified for this project, but will not store this material for future unspecified use (i.e., Pathway 3 will be taken). Samples will be stored in a deidentified manner and risk of reidentification is negligible. The results of this study will be reported in professional publications and meetings, but will not be published in a form that identifies individual participants. No health data will be transferred to individuals in another country. 

[bookmark: _Hlk40269877]In accordance with New Zealand law, study data (paper and electronic) will be securely stored for a minimum period of ten years after which they will be destroyed. Paper records will be maintained at the University of Auckland and/or Auckland DHB in a locked filing cabinet in a department with security-limited access. De-identified data in an electronic format will be kept on secure and password protected University of Auckland servers. Auckland Regional Biobank has robust procedures in place for the storage and destruction of data and samples (https://www.aucklandregionaltissuebank.ac.nz/governance/) . 

[bookmark: _Toc40271551]5.3 Research ethics committee review and reports

Before the start of the study, approval will be sought from the Health and Disability Ethics Committee (HDEC) for the study protocol, informed consent forms and other relevant documents (e.g., advertisements). Substantial amendments that require review by HDEC will not be implemented until the HDEC grants a favourable opinion for the study. All correspondence with the HDEC will be retained. The Chief Investigator’s will produce the annual reports as required and notify the HDEC of the end of the study.

Authorisation for this study also be obtained by the Sponsor (University of Auckland), and research approval will also be obtained by the Auckland DHB Research Review Committee. 

[bookmark: _Toc40271552]5.4 Peer review

This study has been extensively discussed and is supported by a multidisciplinary team who has a specific interest in this population. The quality of this research study has also been assessed and approved by several independent scientific reviewers during the process of receiving competitively awarded funding from the Auckland Medical Research Foundation. As such, the study has undergone high quality peer review that is independent, expert and proportionate in accordance with HDEC guidelines. 

[bookmark: _Toc40271553]5.5 Protocol compliance 

Accidental protocol deviations will be documented and reported to the Chief Investigator immediately. Frequently recurring protocol deviations will not be accepted and appropriate action taken. 

[bookmark: _Toc40271554]5.6 Amendments 

In the event that an amendment to the protocol is required an application to the HDEC will be submitted in accordance with the latest guidelines. The amendment history will be tracked in the Study Protocol appendix. 

[bookmark: _Toc40271555]6. FINANCE

[bookmark: _Toc40271556]6.1 Funding

Funding for this study is provided by the University of Auckland. This will provide postdoctoral student funding to undertake the project and running costs. All the required scientific equipment is available. 

[bookmark: _Toc40271557]6.2 Reimbursement to participants

Travel expenses and subsistence (to cover meal/beverages) will be provided to the participants in the form of a voucher ($50) for each experimental session undertaken.

[bookmark: _Toc40271558]7 DISSEMINIATION POLICY

[bookmark: _Toc40271559]7.1 Dissemination policy

The sponsor owns the data arising from the study and has responsibility for its dissemination. The study findings will be made freely available to the broader scientific community as soon as possible. An electronic copy of each paper that is accepted for publication in a peer-reviewed journal will be deposited within PubMed Central, within 6 months of publication. Participants that express an interest will be notified of the results of the study (e.g., by provision of the publication or bespoke presentation). 

[bookmark: _Toc40271560]7.2 Authorship eligibility guidelines
[bookmark: _Toc331751179][bookmark: _Toc331751634]
[bookmark: _Toc40271561]7.2.1. Definition of authorship
[bookmark: _Toc331749292][bookmark: _Toc331749679][bookmark: _Toc331750050][bookmark: _Toc331751180][bookmark: _Toc331751635]
An author is considered to be someone who has made substantive intellectual contribution to a study. Many journals consider it best practice that everyone who is listed as an author should have made a substantial, direct, intellectual contribution to the work. Honorary or guest authorship is not acceptable.

[bookmark: _Toc331749293][bookmark: _Toc331749680][bookmark: _Toc331750051][bookmark: _Toc331751181][bookmark: _Toc331751636][bookmark: _Toc40271562]7.2.2. Procedure

	The baseline criteria for this research for both authorship and acknowledgments for peer reviewed publications and conference contributions is that:
[bookmark: _Toc331749295][bookmark: _Toc331749682][bookmark: _Toc331750053][bookmark: _Toc331751183][bookmark: _Toc331751638]
i.	Authors must meet all of the following criteria:
[bookmark: _Toc331749296][bookmark: _Toc331749683][bookmark: _Toc331750054][bookmark: _Toc331751184][bookmark: _Toc331751639]substantial contributions to conception and design, acquisition of data, or analysis and interpretation of data
[bookmark: _Toc331749297][bookmark: _Toc331749684][bookmark: _Toc331750055][bookmark: _Toc331751185][bookmark: _Toc331751640]drafting the article or revising it critically for important intellectual content
[bookmark: _Toc331749298][bookmark: _Toc331749685][bookmark: _Toc331750056][bookmark: _Toc331751186][bookmark: _Toc331751641]final approval of the version to be published
[bookmark: _Toc331749299][bookmark: _Toc331749686][bookmark: _Toc331750057][bookmark: _Toc331751187][bookmark: _Toc331751642]
ii.	No-one should be omitted from the authorship list if he/she meets the three criteria in ‘i’ above.
[bookmark: _Toc331749300][bookmark: _Toc331749687][bookmark: _Toc331750058][bookmark: _Toc331751188][bookmark: _Toc331751643]
iii.	Some journals allow authorship of multi-centre projects to be attributed to a group. However, all members of the group who are named as authors must still fully meet the above criteria for authorship in ‘i’ above.
[bookmark: _Toc331749301][bookmark: _Toc331749688][bookmark: _Toc331750059][bookmark: _Toc331751189][bookmark: _Toc331751644]
iv.	Other collaborators or members of the research group who may have contributed to some but not all of the criteria in ‘i’ above will be listed in the Acknowledgments (see vi below).
[bookmark: _Toc331749302][bookmark: _Toc331749689][bookmark: _Toc331750060][bookmark: _Toc331751190][bookmark: _Toc331751645]
v.	The individual authors will jointly make decisions about authorship before submitting the manuscript for publication. The lead author, corresponding author or the guarantor must be prepared to explain the presence and order of these individuals to the editor of a journal. Authorship and order of authorship (see 7 below) will be agreed in advance, in the early stages of the research.
[bookmark: _Toc331749303][bookmark: _Toc331749690][bookmark: _Toc331750061][bookmark: _Toc331751191][bookmark: _Toc331751646]
vi.	All contributors who do not meet the criteria for authorship will be listed in an Acknowledgments section. Examples of those who might be acknowledged include:
[bookmark: _Toc331749304][bookmark: _Toc331749691][bookmark: _Toc331750062][bookmark: _Toc331751192][bookmark: _Toc331751647]persons who have contributed materially to the paper but whose contributions do not justify authorship. These may be listed under such headings as “participating investigators” and their function or contribution should be described - for example, “served as scientific advisors,” “critically reviewed the study proposal,” or “collected data/material”. Because readers may infer their endorsement of the data and conclusions, these persons must give written permission to be acknowledged
[bookmark: _Toc331749305][bookmark: _Toc331749692][bookmark: _Toc331750063][bookmark: _Toc331751193][bookmark: _Toc331751648]a person who provided purely technical help, provided general comments on the manuscript or writing assistance, or a departmental chair who provided general support
[bookmark: _Toc331749306][bookmark: _Toc331749693][bookmark: _Toc331750064][bookmark: _Toc331751194][bookmark: _Toc331751649]editors can ask corresponding authors to declare whether they had assistance with study design, data collection, data analysis, or manuscript preparation. Authors should therefore disclose in the Acknowledgements section the identity of any individuals who provided this assistance and any entities that supported the work in the published article
[bookmark: _Toc331749307][bookmark: _Toc331749694][bookmark: _Toc331750065][bookmark: _Toc331751195][bookmark: _Toc331751650]financial support should also be acknowledged and, if appropriate, the grant identified
[bookmark: _Toc331749308][bookmark: _Toc331749695][bookmark: _Toc331750066][bookmark: _Toc331751196][bookmark: _Toc331751651]material or logistical support, in particular giving recognition to support provided in developing countries, should always be acknowledged
[bookmark: _Toc331749309][bookmark: _Toc331749696][bookmark: _Toc331750067][bookmark: _Toc331751197][bookmark: _Toc331751652]
vii.	Order of authorship
[bookmark: _Toc331749310][bookmark: _Toc331749697][bookmark: _Toc331750068][bookmark: _Toc331751198][bookmark: _Toc331751653]the authors shall decide the order of authorship together. Contributors should discuss authorship issues frankly at the start of the work for each anticipated publication and not wait to raise concerns at submission time
[bookmark: _Toc331749311][bookmark: _Toc331749698][bookmark: _Toc331750069][bookmark: _Toc331751199][bookmark: _Toc331751654]authors shall specify in their manuscript a description of the contributions of each author and how they have assigned the order in which they are listed so that readers can interpret their roles correctly
[bookmark: _Toc331749312][bookmark: _Toc331749699][bookmark: _Toc331750070][bookmark: _Toc331751200][bookmark: _Toc331751655]the corresponding author or guarantor shall prepare a concise, written description of how the order of authorship was decided
[bookmark: _Toc331749313][bookmark: _Toc331749700][bookmark: _Toc331750071][bookmark: _Toc331751201][bookmark: _Toc331751656]examples of authorship order include:
[bookmark: _Toc331749314][bookmark: _Toc331749701][bookmark: _Toc331750072][bookmark: _Toc331751202][bookmark: _Toc331751657]descending order of contribution
[bookmark: _Toc331749315][bookmark: _Toc331749702][bookmark: _Toc331750073][bookmark: _Toc331751203][bookmark: _Toc331751658]placing the person who took the lead in writing the manuscript or doing the research first and the most experienced contributor in the field last
[bookmark: _Toc331749316][bookmark: _Toc331749703][bookmark: _Toc331750074][bookmark: _Toc331751204][bookmark: _Toc331751659]alphabetical
[bookmark: _Toc331749317][bookmark: _Toc331749704][bookmark: _Toc331750075][bookmark: _Toc331751205][bookmark: _Toc331751660]random order
[bookmark: _Toc331749318][bookmark: _Toc331749705][bookmark: _Toc331750076][bookmark: _Toc331751206][bookmark: _Toc331751661]
viii.	If an individual leaves the project the question of contribution to publications and authorship should be discussed in advance of their departure to minimise misunderstandings and to agree how this will be managed.
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