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Synopsis  

Background 

Nearly half of Australians between the age of 16 to 84 have suffered from mental illness [1]. 

Such health conditions can be chronic and require aggressive medication therapy leading to 

possible adverse drug reactions and further complications. The need for a holistic, lower risk 

health care approach has paved the way for the emerging, relatively lower risk therapies, such 

as advanced micronutrient therapy. Micronutrient therapy utilises vitamins and minerals to 

correct biochemical imbalances thought to be responsible for mental health conditions. 

Micronutrients have been investigated in over twenty placebo-controlled randomised control 

trials across a variety of mental health conditions including depression, anxiety, attention-

deficit/hyperactivity disorder, autism, antisocial aggressive behaviour in prisoners [2]. Pyrrole 

disorder is an example of a biochemical imbalance that is treated with micronutrient therapy 

consisting primarily of Vitamin B6 (B6) and Zinc (Zn). A theorised mechanism of the 

pathophysiology of the disorder is the complexation of hydroxyhaemopyrrolin-2-one (HPL), an 

elevated marker in the pyrrole patients, with Zn and the active form of B6 leading to a deficiency 

these two nutrients in the body [3-6]. However, very little research has been done on the 

condition and the practice follows, mostly, anecdotal evidence. 

Pyrrole disorder is characterised by a specific cluster of symptoms, signs and traits. Some of the 

distinctive symptoms reported are little or no recall of dreams, recollection of nightmares only 

when dreaming, and poor short-term memory (STM) [5, 7]. The relationship between these 

symptoms, however, has not been clinically investigated. Thus, this pilot study aimed to explore 

pyrrole disorder and the relationship between the recollection of dreams, remembering 

nightmares exclusively, STM performance, and the micronutrient, vitamin B6. This study is also 

the first of its kind in assessing pyrrole disorder in a population of healthy participants.  

Methods 

Adult participants aged 18-75 years were recruited across two sites in South East Queensland, 

at the Clinical Trial Unit at Griffith University and Applied Analytical Laboratories, over a period 

of 6 months between July and November 2017. A questionnaire was designed and tested by 

experts in the field that consisted of questions relating to dream recall, nightmare recall, STM 

perception, B6 intake and the unique cluster of symptoms, signs and traits observed in pyrrole 

disorder. STM was also measured through use of an electronic, validated digit span test (DST). 

HPL levels were assayed at Applied Analytical Laboratories, an external medical laboratory 

specialising in HPL urine analysis. 
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Statistical analyses of the data was conducted with IBM-SPSS statistics 24 software. Descriptive 

statistics were used for variables of interest which were assessed for normality through 

skewness and kurtosis. Parametric continuous variables were analysed and reported as mean ± 

standard deviation (SD) via T-tests or ANOVA. Non-parametric continuous variables were 

reported as median and range with minimum and maximum values through Mann-Whitney U 

and Kruskal-Wallis H tests with further post-hoc analysis for significance. Categorical variables 

are presented as case frequency, and percentage of prevalence, through Chi-square analyses for 

dichotomous results. Dichotomous variables with cells having an expected cell count ≤ 5 were 

tested and reported as Fisher's exact test p-value. Results were considered significant if p < 0.05.  

Results 

Two hundred twenty-nine adults were assessed though an expression of interest. One hundred 

eighty-five (mean = 37.96 ± standard dev 13.54 years) participants attended the clinic visit and 

completed the assessments with one urine sample excluded due to contamination. DST scores 

were evaluated for 176 participants. Participants were split into “pyrrole” (n = 44) and “non-

pyrrole” (n = 141) groups based on the symptoms and traits of pyrrole disorder reported in the 

survey. 

The pyrrole participants reported significantly less dreams (χ2 = 6.140; p = 0.046), recalled more 

nightmares when remembering they dream (χ2 = 0.128; p < 0.001), and scored lower on DST (t 

= 2.310; p = 0.022) than the non-pyrrole participants. For those participants taking B6 

supplements, no significant effects were observed for B6 intake and dream recall frequency (χ2 

= 1.423; p = 0.491), the recall of nightmares only when remembering dreams (χ2 = 0.128; p = 

0.720), or DST scores (t = 0.416; p = 0.678). B6 did not control HPL values on its own (U = 

2438.500; p = 0.242), however the combination treatment for pyrrole disorder (B6+Zn) did 

demonstrate control on HPL values with lower median, maximum, and the elimination of 

elevated outliers in comparison to those participants on no supplements (U = 1643.500; p = 

0.080). 

Conclusion 

This pilot study explored a controversial condition that has lacked thorough clinical investigation 

due to the early misidentification of HPL and the mystery behind its origins. The study 

investigated key symptoms, signs and traits of the condition, including little to no dream recall, 

the recall of nightmares exclusively, and poor STM. The objectives of this thesis were achieved 

through the use of a novel questionnaire and digital DST. Pyrrole participants had significantly 

less dream recall, recalled nightmares only when dreaming, and had poor STM based on DST 
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scores. Additionally, the treatment for pyrrole, namely B6 and Zn, was shown to control HPL 

values. 

The study, therefore, supports anecdotal evidence for this condition and paves the way for a 

new approach in treating mental health conditions with a more favourable risk-benefit ratio. 

Important implications for future practice and research were also identified. 
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1 Background 

1.1 The mental health silent pandemic 

Mental health conditions are subject to continuous concern globally. In 2001, the World Health 

Organization (WHO) reported that mental health conditions will be experienced by one in four 

people throughout their life, placing mental health as one of the leading causes of illness [8]. In 

Australia, in 2008, 45% of Australians between the age of 16 to 84 were reported to have 

suffered from a life-long mental illness [1]. Recent reports in 2015 have revealed a 14.9% 

increase in the global number of anxiety sufferers since 2005 with an estimate of 264 million 

people affected [9]. Similarly, the rate of depression has increased by 18.4% since the year 2005 

with 322 million patients suffering globally [9]. In the fiscal year of 2006, mental health 

conditions cost the economy 4.7 billion Australian dollars and led to productivity losses of more 

than 10 billion Australian dollars [10]. This highlights the financial burden of the mental health 

pandemic on the nations [10].  

Some mental health conditions necessitate drug therapy when non-pharmacological measures 

such as cognitive behavioural therapy do not suffice. Antipsychotic agents, especially second 

generation antipsychotics, are associated with some of the most severe adverse drug reactions 

[11, 12]. This has paved the way for the emerging, relatively lower risk therapies such as 

micronutrient supplementation with vitamins and minerals to correct biochemical imbalances 

thought to be responsible for mental health conditions.  

1.2 Individualising therapy  

1.2.1 Functional medicine  

The concept of holistic therapy, focused on prevention of health conditions with the use nutrient 

therapy, is increasing in Europe and Australia [13]. A subcategory of holistic medicine is known 

as functional medicine which is defined as personalised medical care with a focus on the body’s 

biochemistry in the treatment and prevention of chronic conditions [14]. Functional medicine 

has also been referred to as the clinical application of systems biology approaches through 

therapies addressing issues related to diet, nutritional supplements with vitamins and minerals, 

and considering environmental factors to address the root cause of a condition [15]. 

1.2.2 Precision medicine  

The term precision medicine is used in clinical practice to describe the classification of patients 

into sub-populations based on disease risk or the response to treatment, thereby providing a 

targeted individualised therapy that encompasses the approach of modern medicine [16] [17]. 

This form of clinical practice, therefore, considers patients’ genetics and has been made possible 
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as a result of the discovery of the human genome and the dramatically decreased costs of 

commercially available genetic testing [17]. The term “epigenetics” is defined as the study of 

changes in gene expression and is also implemented in precision medicine. Epigenetics explores 

genetic changes such as covalent modification of deoxyribonucleic acid (DNA), histone variants 

and amino-terminal tail of histones’ modifications post-translation [18]. Therefore, 

subcategorization of patients into small groups and application of epigenetics would lead to an 

optimum and personalised approach to each individual patient.  

1.2.3 Nutrient psychiatry 

Orthomolecular psychiatry, coined by Linus Pauling in 1968, is a branch of nutrient psychiatry 

dependent on tailored doses of nutrients and minerals as the main treatment [19]. 

Supplementation with nutrients have been studied in over twenty placebo-controlled 

randomised control trials (RCT) in different mental health conditions [2]. Examples of mental 

health conditions investigated include depression, anxiety, attention-deficit/hyperactivity 

disorder (ADHD), autism, antisocial aggressive behaviour in prisoners, and other conditions 

requiring resuscitation of vitamin levels such as alcoholism leading to Wernicke-Korsakoff 

syndrome [2, 20].  

Neurotransmitters, in order to become functional, undergo a series of multiple reactions 

facilitated by co-enzymes, many of which require vitamins and minerals in order achieve 

functionality and correct imbalances [20]. Advanced nutrient therapy thus aims to correct 

imbalances that may be due to genetic (e.g. gene variations) or epigenetic causes (e.g. stressors 

or environmental) to achieve the best health outcomes. One disorder treated with nutrients, 

known as pyrrole disorder, has been treated with nutrients based largely on anecdotal evidence 

with very few clinical studies. This necessitated the need for this investigational pilot study, to 

assess the current clinical application of the treatment and to further explore the condition. 

1.3 Lack of nutritional education in mainstream medicine 

Despite extensive theoretical and applied medical training, studies have shown that medical 

students graduate with a lack of nutritional knowledge and its effects on patients’ health [21-

28]. The discipline of nutrition is not considered reputable in the medical field, especially with 

the little exposure the medical students have, and is not considered to be canopied by the 

evidence base practice umbrella in medical practice [22]. Additionally, physicians do not believe 

they are well-equipped to confidently manage dietary related counselling with patients [29]. 

Nutritional education has been lacking in the United States[25], United Kingdom [22, 24], 

Europe[23], West Africa[28] and Japan[27]. Many tests used in assessing biochemical 

imbalances are mostly unknown to mainstream medical doctors [30] 
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The lack of emphasis on nutritional education and functional medicine has led medical 

professionals to seek further postgraduate education in these fields. Examples of organizations 

providing further education to medical practitioners in these fields in Australia include The 

Australasian Academy of Anti-Ageing Medicine (A5M) [31], The Australasian College of 

Nutritional and Environmental Medicine (ACNEM) [32], the Mindd foundation [33] and Bio-

Balance, which also provides education globally [34]. These institutes vary in their specialty, 

however, the focus of their vision is to achieve optimal mental and physical health through 

optimal nutritional intake. 

1.4 Pyrrole disorder 

Pyrrole disorder is an example of a biochemical imbalance that is treated with micronutrient 

therapy. The condition is not known to mainstream medicine and is treated by medical 

practitioners trained in nutritional and / or functional medicine. Hydroxyhaemopyrrolin-2-one 

(HPL) is a chemical belonging to the pyrrole family that is present with high prevalence in the 

urine of some patients with mental health conditions and is characterised by a specific cluster 

of symptoms, signs and traits [7]. Very little research has been conducted on HPL due to the 

difficulty in analysing the unstable, light sensitive pyrrole compound [7]. Mostly leading to the 

lack of research was the initial misidentification by Irvine et al. in 1969 [35] and again by Sohler 

et al. [36] in the prestigious journal Nature, with another pyrrole chemical named kryptopyrrole 

[7]. Regardless, high urinary excretion of HPL by patients suffering from mental health conditions 

has been reported in the literature [5-7, 37]. Three of the intriguing symptoms of the disorder 

include little to no recall of dreaming, recalling nightmares only when remembering dreams, and 

poor short-term memory [7]. However, the ambiguity of the disease and the origin of HPL are 

yet to be explained [38]. Exploring the gaps behind the condition, dream recall, recall of 

nightmares only, and short-term memory can lead to further expansion of the treatment of 

mental health conditions and possibly redefine the way we treat patients. Finding correlations 

between the condition and these three symptoms will help improve the diagnosis of pyrrole 

disorder patients, possibly without the need for expensive laboratory tests. This could also lead 

to novel, mostly low risk, nutritional supplementation as a treatment in various mental health 

conditions and better care provision [5].  

The chemical structure of the pyrrole compound HPL is shown in Figure 1.1 [7]. HPL is also believed 

to be a marker of oxidative stress [3, 7, 37]. Elevated HPL is defined as urinary excretion of more 

than 20 μg/dL of HPL [5, 7].  
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Figure 1.1 The chemical structure of hydroxyhaemopyrrolin-2-one 

 

Pyrrole disorder is diagnosed in clinical practice through identification of the unique symptom 

cluster and measurement of urinary HPL [7]. It is treated primarily with Vitamin B6 (B6) and Zinc 

(Zn), where the theorised pathophysiological mechanism is the complexation of HPL with the 

active form of B6, pyrdoxal-5-phosphate (PLP) also referred to as P5P, forming a Schiff base 

structure leading to stripping the body of B6 [3-6]. Walsh has described how the depletion of B6 

and Zn can lead to several mental conditions [5] as B6 and Zn are cofactors for multiple 

biochemical reactions and their deficiency hinders those pathways [6]. The active metabolite of 

B6, Pyridoxal-5’-phosphate (PLP), is an essential co-enzyme in the formation of serotonin (5-HT), 

dopamine (DA), noradrenaline (NA), and gamma-aminobutyric acid (GABA) [5, 39], and is 

involved in a multitude of other biological functions [5, 40]. Zinc is essential for growth, 

development and differentiation in addition to activity of more than 300 enzymes [41]. Zinc has 

been implicated in a number of mental health conditions [42].  

 

Table 1.1 outlines the pyrrole symptom cluster observed in clinical practice as outlined by Jaffe 

et al. [43], Stuckey et al [6], Pfeiffer [3], and Walsh [5]. Of the symptom cluster, some symptoms 

such as spleen area pain are not common whereas others are more common such as the 

recollection of nightmares only when remembering dreams. It is worth mentioning that Zn 

deficiencies, in some instances, might cause some confusion in diagnosis due to overlapping 

with pyrrole symptoms, especially with other possible biochemical imbalances such as increased 

body copper [5], which can result in depressed Zn levels. As mentioned previously, pyrrole 

disorder is an understudied condition in mainstream medicine. Rigorous evidence in the form of 

RCTs is challenging in functional medicine due to the individualised nature of treatment that is 

specific to the patient’s diet, lifestyle and genetic predisposition [44]. For these reasons, an 

external panel of experts familiar with treating pyrrole disorder were consulted during the 

design of the assessment tools used in this study. 
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Table 1.1 Pyrrole disorder cluster of signs, symptoms and traits 

Symptoms, signs and traits 

Little or no recollection of dreams Poor short-term memory 

Recalling nightmares only when dreaming Preference for staying up late 

Poor stress control Pale skin/inability to tan 

Sensitivity to loud noises Sensitivity to bright lights  

Affinity for spicy food Tendency to skip breakfast 

Abnormal fat distribution  Chronic dry skin  

Extreme mood wings  History of underachievement  

Do not enjoy reading for pleasure  Poor growth 

Frequent infections Spleen area pain 

Severe anxiety  Delayed puberty 

Severe inner tension  Abnormal electroencephalogram  

Elevated HPL in urine Severe oxidative stress 

  

1.5 Sleep, dream recall, and nightmares 

1.5.1 Sleep and dreams 

Sleep has been described as the stage that alternates with waking that has markedly depressed 

sensory output and lack of conscious control [45, 46]. It is during this stage that dreams occur 

[45, 46]. Dreaming has had several definitions. One certain concept that multiple studies agree 

on is that dreaming refers to the mental activity and cognitive processing that occurs during the 

periods in which the individual is not awake [45-48]. Sleep has two main stages, which are 

repeated 4-5 times per night, namely non-rapid eye movement (NREM) and rapid eye 

movement (REM) [45]. NREM sleep is believed to be induced by the neurotransmitter GABA [49, 

50]. REM sleep is thought to be induced by cerebral acetylcholine (Ach) as its release is increased 

when serotonergic and noradrenergic neurons are inhibited at the start of this stage, and 

cortisol is also thought to be increased at this stage [49, 50]. Figure 1.2 summarises the 

hypothesized influence of neurotransmitters on the different stages of sleep [45, 49, 50]. 
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Figure 1.2 The hypothesized influence of neurotransmitters on the different stages of sleep 
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Sleep is an essential part in memory consolidation and synaptic plasticity [50]. Different sleep 

periods from a nap of six minutes to a full night of eight hours of sleep can have positive 

outcomes on memory [50]. It has been shown that a NREM nap (~45 minutes) caused memory 

consolidation in women mid-luteal menstrual phase and in men in general [51]. Dreams, 

specifically, have been seen to cause integration of unrelated information and the formation of 

creative solutions and perspective [52]. This was hypothesised to be due to noradrenergic/ 

cholinergic modulation in the REM phase [50, 52], with lack of histamine and an increase of 

dopamine [46] and acetylcholine, causing the integration and consolidation of information [46, 

50]. 

It was believed, during the initial stages of discovery of the different sleep cycles, that dreams 

only occur during REM sleep, and especially not during stage 1 of NREM sleep [53]. However, 

mental activity, believed to be thinking, was also observed in different stages of the NREM phase 

[54] leading to the evidence that is in conflict with older concepts, as the occurrence of dreams 

has now been reported in all stages of sleep [55], and especially more in the REM phase [56]. 

Sleep stages 1, 2 , and slow-wave sleep (SWS) (consisting of stages 3 + 4), were claimed to be 

more associated with dreams that reflect episodic memories [47, 54, 57]. In contrast, REM sleep 

reflects, more substantially, content of semantic memories origins [47, 54, 57]. Episodic memory 

has been linked to 1-2% of dream content only in a small study involving 29 participants [58]. 

Regardless, events or information occurring before a night’s sleep have been seen to influence 

dream content [59, 60]. 

1.5.2 Medicine, dreams and nightmares 

As Ach plays a significant role in the different phases of sleep, it has been postulated that the 

cholinergic effects of different medications can cause nightmares or hallucinations [61]. Pagel 

[62] reported that anticholinesterase medications, having the effects of increasing the synaptic 

Ach levels, disturbed dreaming and nightmares in less than 0.5% of participants in a clinical 

study. In contrast, beta blockers used to treat hypertension, have shown to be accountable for 

34% of the total cases reporting nightmares in the clinical trials reviewed by Thompson et al. 

[63] suggesting the possible involvement of the central adrenergic system. For instance, atenolol 

and metoprolol have demonstrated a significant statistical increase in the instances of disturbing 

dreams (p < 0.04) [64]. When considering 5-HT, a reduction in dream frequency was reported 

with selective serotonin reuptake inhibitors (SSRIs), although with no correlation to 

memorability and meaningfulness of dreams [65]. GABAergic agents such as benzodiazepines 

and alcohol can exert effects on GABA receptors, specifically a sub type called GABAA and induce 

hypnotic, sedative and anxiolytic effects among many other inhibiting outcomes [11, 66]. A 
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recent review indicated a few cases reporting increased nightmares with the benzodiazepine 

triazolam [62], while others report that REM-related nightmares are reduced with 

benzodiazepines [67]. Benzodiazepines suppress the REM stage and sudden ceasing of 

medication has caused REM stage rebound through increasing REM sleep [68], and since dreams 

occur mostly in REM phase [56], it is reasonable to assume increased dreaming during rebound. 

Therefore, no solid conclusion can be drawn for a large amount of neuroactive medications and 

their ability to effect dream/nightmare recollection. Melatonin, an endogenous hormone 

regulating circadian rhythm, was tested in one study, in patients with reduced REM sleep 

duration, but did not affect dream frequency, content, intensity or quality [69]. 

1.5.3 Factors affecting dream recall and nightmares 

The subject of dream recall measurement has been a subject of scepticism. This is due to the 

fact that dreams can only be recorded retrospectively and are dependent on the possible bias 

of the dreamers’ recollection [70]. It has been reported that, after the age of 50 years, the period 

spent in REM sleep is reduced by half [71]. This reduction corresponded with the increase of 

evening cortisol secretion causing more wakefulness in this age group [71]. A proposal has been 

made that the non-salient dreams can be forgotten if the dreamer is distracted upon awakening 

[54]. As far as gender is concerned, females tend to be better dream recallers than males [51, 

72] when confounding variables were not taken into consideration, possibly as females exhibit 

more interest in their dreams [73]. It has also been shown that women also think of their dreams 

as being more meaningful and helpful in solving life issues [72]. This attention given to dream 

recall, especially in an experiment, may skew the outcomes as the participants may be trying 

harder to remember dreaming when they dream [72]. Age is another factor affecting dream 

recall. The elderly recall less dreams than young individuals [74]. More specifically, the frequency 

of dreams recalled has exhibited a descending pattern from the age of 17 to 35 and another 

significant decrease is shown after 54 years of age [75]. 

Physiologically, when measured on an electroencephalogram (EEG), brain waves encoding the 

episodic memory have been shown to be similar with successful dream recall [76]. This 

speculates the possible correlation between the two physiological functions [76]. Interestingly, 

few mental conditions are believed to affect dream recall. One study showed that some 

depressed patients have been observed to recall less dreams than healthy individuals [77]. 

While, in another study, no difference was shown in major depressive disorder and post-

traumatic stress disorder (PTSD) in the ability to recall dreams when compared to healthy 

individuals [78]. However, half of the PTSD patients in another study recalled dreams mirroring 

their exact past traumatic experiences [79]. As outlined by Lusignan and colleagues [80], 

schizophrenics have shown less dream recall and negative emotionality in dreams when they 
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dream, however, their study showed no significant difference between groups [80]. It has been 

reported that insomniac patients tend to recall their dreams more than controls and 

additionally, specifically to females, the emotional intensity tended to increase the recall 

frequency [81]. Nightmares are considered dreams that trigger emotions of scariness, fear, and 

a fight or flight like sympathetic body response [49], or the fearsome experiences during sleep 

that causes awakening from REM sleep [82]. A study has shown patients with mental conditions 

tend to have more nightmares than healthy individuals [49]. Interestingly, patients suffering 

from pyrrole disorder are believed to rarely recall dreams and only recall having nightmares if 

they recall dreaming [83]. 

1.5.4 Dream recall measures 

Different measures are implemented in studying and measuring dream content and recall. 

However, as discussed above, accurate measurement of dreams is difficult leading to lack of 

validated tools. For example, dream measurement in sleep laboratories is performed by 

awakening the patients as they enter the REM phase of sleep and then recording the patient’s 

reporting of what the dream was, if they had a dream [49, 84]. The oscillations between sleep 

phases are monitored through measurement of sleep waves and cycles through EEG, and then 

waking the participants to report their dreams [54, 56, 84, 85]. Examples of non-clinical in-home 

measurements of dream recall, to be kept by the bedside, are dream voice recorders [49] [85] 

or logbooks [84], or asking the participants to write down their most recent dream [49, 84]. 

Forgetfulness of dreams upon waking up causes most people, even the ones that claim they do 

not dream, to assume that they have never dreamt even though they possibly did [56]. A study 

assessing dream recall of people who only recall dreaming once a month demonstrated that, 

within the three days of the study, the participants that claimed they recalled dreams once a 

month had at least one dream [56]. Interestingly, in this very small study, one participant who 

claimed he never dreamt at all (i.e. did not realise what a dream is) did report a dream [56]. This 

raises the hypothesis that everyone dreams but some people tend to forget dreaming more than 

others do.  

The two common methods for dream recall measurement, namely retrospective recall (for 

example, how often you remember dreaming per week) and keeping a logbook dream diary, 

suffer from possible bias. It was observed that low dream recallers recall better with a log book, 

while high dream recallers recall better retrospectively, causing under/over estimation of recall 

frequency [70]. Thus, retrospective dream recall causes underestimation of dream recall, while 

a logbook diary methods cause overestimation of dream recall [70, 86]. This has led to the novel 

creation of a questionnaire on dream recall for this study.  
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1.6 Short-term memory 

1.6.1 Definition of short-term memory 

Memory, simply stated, is the mental depiction of item/s to be retained and recalled later [87, 

88]. Short-term memory (STM), once referred to as primary memory, is defined as what is 

occurring during an individual’s attention at the time, including thoughts and information 

exactly at that point of time, and is not linked to knowledge [89]. This term, however, lacks the 

connection to a specific time. Another definition is the storage of a little amount of information, 

for example, a sequence of digits, for a short duration of time [87, 90], ranging from 10-20 

seconds [91] or about 20-30 seconds [87]. STM has a saturation limit of seven items unless 

rehearsed verbally or mentally [87]. However as outlined by Cowan [92], these items are 

probably best indicated as “chunks” of information remembered in three or four units, for 

example remembering a pair of digits as one item. 

1.6.2 Memory classifications  

Memory is usually addressed as if it is just a single type, however, it has several sub-

classifications. The two main general types of memory are explicit/declarative memory and 

implicit/non-declarative [87, 91] memory. Declarative memory is involved in the voluntary 

recognition of information, while non-declarative memory retains subconscious information 

such as personality traits, behaviours, and physical skills [87, 88, 91]. Being the type of memory 

that can actually be assessed, declarative memory is used the most to determine memory 

function.  

Working memory is defined as the bodily brain function that presumably is necessary to retain 

mental inputs in one’s mind while executing other mental activities such as thinking and learning 

[87, 90]. Different researchers debate the exact classification of memory and consider short-

term and working memory either synonymous, or that working memory is generally the mental 

memory that analyses and interprets information (i.e. short-term memory that demands mental 

effort) through a brain structure called the central executive [91, 92]. While memory has not 

been precisely defined, there is a general consensus on the categorisation model of memory 

types. Figure 1.3 provides a summary of the different types of memory [87, 88, 90, 92, 93]. 
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Figure 1.3 Classification of the hypothesised types of memory 
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1.6.3 The link between short-term memory and dream recall 

Very few clinical studies have attempted to link STM and dream recall. Several speculations have 

been made about the relationship between dream recall and STM. It was inferred that STM, 

specifically, can be somewhat related to the ability to recall a dream. This was inferred when 

high dream recallers performed better with the digit span test (DST) than low recallers [94]. The 

outcome raised the possibility that people with good STM might be better in recalling their 

dreams and vice versa [94]. Episodic memory has been linked to 1-2% of dream content only in 

a small study [58]. However in a repeated analysis of 3 bigger studies, episodic and semantic 

memory have both been shown to have more contribution to the dream content in all stages of 

sleep [95]. Despite this, the reviewed study has shown that episodic memory content 

constituted about 32-40% of sleep onset dreams and 46-55% in all stages of NREM respectively 

[95]. 

1.6.4 Short-term memory assessment 

Unlike dream recall, there is consensus about STM assessment tools and procedures. The DST is 

a validated measurement tool where numbers are visually, or verbally, presented to individuals 

at a certain rate, and the participant is required to report what they heard or saw [87]. The Corsi 

block-tapping test is another measure utilised to assess STM, specifically the visuospatial 

memory. First created by Corsi [96], the test assesses the individual’s remembrance of the visual 

pattern presented through tapping cubes in a certain sequence and asking the participant to 

follow the same pattern. The DST is used extensively in clinical practice for evaluating STM 

performance [87]. 

1.7 Vitamin B6 

1.7.1 The isomers of vitamin B6 

Vitamin B6, often referred to as pyridoxine, is a term used to describe a combination of pyridine 

compounds that can be inter-converted through different reactions such as phosphorylation and 

oxidation [97, 98]. However, B6 is a simple term referring to derivatives of 2-methyl,3-hydroxy,5-

hydroxymethylpyridine with the three dephosphorylated isomers differing in the 4th carbon 

attachment [99].  

Figure 1.4 outlines the basic structure and the possible attachments of the different vitamers in 

a stable form [97-103].



13 
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Position of the 5’ carbon 

  

 

Figure 1.4 Chemical structures of the stable forms of the B6 vitamers  
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The isomers of B6 are known as vitamers, of which six make up vitamin B6 [97, 100]. There are 

three dephosphorylated forms, namely pyridoxine/pyridoxol (PN), pyridoxamine (PM), pyridoxal 

(PL), and three phosphorylated forms at the 5’-carbon, namely pyrodoxine-5’-phosphate (PNP), 

pyridoxamine-5’-phosphate (PMP), pyridoxal-5’-phosphate (PLP or P5P) [97, 100]. In animals, 

PLP and PMP are the most abundant, while plant-based food is rich in PNP and PN [100, 104]. 

The active form, PLP, is an essential cofactor for multiple reactions in the human body [97]. As 

pyridoxine is the term commonly used to refer to vitamin B6, a lot of confusion has been caused 

in the research field. In this paper, the term “B6” will only be mentioned when the referenced 

study does not specify which vitamer is included. Pivotal research of vitamin B6 has been done, 

in vitro and on animal models, in the years spanning from 1980 until 2000 with slow progress 

thereafter. Vitamin B6 cannot be formed by the human body, it is only synthesised de novo by 

microscopic organisms and plants to be consumed by humans and animals [97, 101, 104]. 

Certain strains of the bacteria Escherichia coli express kinase enzymes similar to those in 

humans, however, humans lack the de novo pathways [105]. The glucosidated formation of PN, 

known as PNG, is a form of B6 only available in plants [99, 106]. Whereas, in microorganisms, 

deoxyxylulose 5-phosphate (DXP)-dependant pathway and DXP-independent pathway are the 

two known synthesis pathways for B6 vitamers [97]. However these pathways, possibly apply 

only to certain strains of microorganisms [105]. 

1.7.2 Vitamin B6 and pyrrole disorder 

As mentioned previously, pyrrole disorder consists of unique cluster of symptoms, signs, and 

traits that is treated primarily with B6 and Zn [5, 7]. Two of these symptoms patients with pyrrole 

disorder have are little to no dream recall and poor STM. 

1.7.2.1 Vitamin B6 and the link to dreams 

Anecdotal evidence has been reported that a patient with pyrrole disorder is not able to recall 

dreaming since childhood or ever [40, 83]. Supplementation with B6, presumably, partially 

restored the ability to recall dreaming and relieved pyrrole symptoms; thus raising the idea of 

dreams as being a possible indicator of bodily B6 levels [40, 83]. B6 has been used anecdotally 

in inducing lucid dreams, and helping remembering them, with a lack of clinical literature to 

support the views of these unscientific websites [107] and online forums [108]. However, a 

recent randomised, double-blind, placebo-controlled study has shown that participants who 

took B6 recalled more dreams in a dream count measure that quantified items recalled not the 

number of dreams recalled (p = 0.032) [109]. 

 Some products containing B6 are even marketed online as a supplemental method for inducing 

lucid dreams [110]. Lucid dreaming is defined as being aware and in control of the dream 
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content, while also clearly recalling the waking life [111]. Pfeiffer [40] hypothesised that the lack 

of recall is due to nocturnal underutilisation of B6, and the possibility that low B6 causes poor 

short term memory, leading to forgetting dreaming [3]. Pfeiffer’s hypothesis was tested by 

Ebben et al. [112] in a study that included 12 college students. The study, which involved 

supplementation with B6, resulted in increased dream salience, but not recall or the ability to 

have lucid dreams [112]. Therefore, there is no strong evidence to supporting the use of B6 in 

increasing dream recall.  

1.7.2.2 Vitamin B6 and the link to memory 

The relationship between B6 and memory has been studied to some extent. In a study 

conducted on women across different ages, there has been only an insignificant improvement 

in immediate recall, conducted on a Rey Auditory Verbal Learning Test, that spans over about 

50 minutes when supplemented for 5 weeks with B6 [113]. It is worth noting that the outcome 

can be criticised for its relatively short span that might have affected the reliability of the 

outcomes. Some previous evidence of B6, given as 20 mg pyridoxine HCl for 3 months, has 

demonstrated a significant, but modest, effect on the long term memory in elderly men in 

comparison to placebo [114]. In another study assessing an aging population, high levels of 

plasma B6 resulted in significantly better backwards DST recall than those with low plasma B6 

[115]. Additionally, there was insignificant interaction between plasma B6 and the age of the 

participants [115]. Another study, similarly, investigated B6 along with other vitamins in the 

elderly and concluded that there is a relationship between past intake of B6 and better 

visuospatial memory. In women, B6 caused few general improvements in cognitive performance 

being somewhat related to memory [113]. Interestingly, Ebben et al. [112] attributed the 

significant increase in dream salience in their study to improved memory due to B6 [112].  

1.7.3 Metabolism of B6 in humans 

As B6 cannot be synthesised in the human body, the intestines contribute to the absorption and 

utilisation of the B6 vitamers ingested. The process starts with the hydrolysis of the B6 vitamers 

via phosphatase enzymes and the de-phosphorylated forms are consequently transported in a 

non-saturable passive diffusion manner in the gut [100] to be transported to the liver as PL [116]. 

Most of the circulating plasma B6 is in the form of PLP with up to a third being PL [117]. 

Transportation of PLP occurs through binding to albumin [99, 118]. This is followed by PLP being 

stored in multiple sites, mostly in erythrocytes and muscle tissues [4], PLP is the most 

concentrated vitamer in skeletal muscles [119]. PLP and PL are eventually excreted in a 

carboxylic form in urine primarily [100] and faeces [98]. 
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1.7.3.1 Ingestion 

 The recommended intake of B6 is >1.2-1.5 mg/d [117]. PNG has been identified from (i) plant 

sources, including rice bran [120], (ii) legumes/grains, where 6-57% of the B6 content is in PNG 

form, (iii) cauliflower and broccoli where PNG content is lowered with cooking, and iv) orange 

juice, showing the highest percentage of PNG in the study [121]. Green beans have also been 

shown to have PNG content [122]. On the other hand animal products were shown to contain 

negligible amounts of PNG [121, 122], however cow and human milk have been shown to 

contain some PNG [122]. Noteworthy is that grains have been shown to have some of the 

highest B6 content with rice bran containing ~3515 μg/100g, with ~153 μg/100g in PNG form 

[121].  

Animal food sources also contain varying amounts of B6 as ground beef, canned tuna, raw 

chicken breast, cooked chicken breast, raw chicken leg, and cooked chicken leg contained a total 

B6 content of 263, 316, 700, 684, 388, and 306 μg/100g respectively [121]. Amounts of B6 have 

also been identified in pork’s loin [122]. 

Table 1.2 outlines the B6 content and the amounts per serving for some of the major food 

groups. The milligram quantity of B6 provided from the diet was calculated according to the 

following equation [100]:  

mg of dietary B6 equivalents = mg of food B6 + (1.27 x mg of synthetic B6) 

The ratio of 1.27 is calculated from the amount synthetic PN being 95% bioavailable / B6 in food 

being 75% bioavailable.  
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Table 1.2 Amounts of B6 in different food groups 

 
Food groups  

Amount of B6 per serving 

0.4-0.8 mg per 
serving 

> 0.8 mg per 
serving 

Average amounts μg/100g 

Cold cereals 
Moderately 
fortified* cereals 

Highly fortified* 
cereals 

 

Beef   Ground (cooked) 263 [121] 

Poultry 
Chicken breast , 
turkey light meat 

 

Chicken Breast (raw) 700 
Chicken breast (cooked) 684 
Chicken leg (raw) 388 
Chicken leg (cooked) 306 [121] 

Meat   Tuna (Canned) 316 [121] 

Grains, Rice, 
Pasta & cooked 
cereals 

 
Fortified* 
oatmeal 

White rice (cooked) 138 
Rice bran 3515 
Wheat bran 903 
Whole wheat bread 169 
Whole wheat flour 265 [121] 

Beans   Soybeans 627 [121] 

Nuts/seeds   
Almonds (raw) 86 
Filberts (raw) 587 [121] 

Dairy   Milk (skim) 5 [121] 

*Fortified with vitamins by different manufacturers 

1.7.3.2 Absorption 

The absorption process begins with alkaline phosphatase (ALK) dephosphorylating PNP, PMP, 

and PLP from dietary sources at the brush border to their corresponding dephosphorylated 

forms thus facilitating their transport [99]. Figure 1.5 summarises the absorption, 

transportation, and storage processes simplistically from different vitamer sources [97, 99, 118, 

123]. Once absorbed, interconversion between the vitamers occurs via several enzymes, these 

include: (i) the phosphorylating enzyme pyridoxal kinase (PLK), (ii) the oxidising enzyme 

pyridoxine (pyridoxamine) phosphate oxidase (PNPOX), and (iii) the dephosphorylating enzyme 

PLP or PL phosphatase [97, 124]. 
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Figure 1.5 Outline of the absorption and transport of the B6 vitamers 

 

PLP phosphatase, which also acts on PNP, allowing the dephosphorylation to PL and PN 

respectively, is present in most of the human body tissues such as the placenta, liver, kidneys, 

heart, lungs, skeletal muscles, pancreas and mostly in the brain [124, 125]. PLK has been shown 

to be mostly present in the testes, followed by the gastrointestinal system, including the liver, 

pancreas, duodenum, jejunum and ileum [124]. Lastly, PNPOX is mostly expressed in the liver 

cells and, secondly, the kidneys [124]. However, PNPOX is believed to only take part in the 

recycling and salvage pathway of PLP and thus does not actually help in synthesising PLP [124]. 

When examined in Caco-2 cells which exhibit PLK, PNPOX, and PL phosphatase, it was observed 

that PM, PN and PL have all been absorbed through the cells and taken up basolaterally as PL 

[98]. Large doses of the vitamers PM and PMP are, also, well absorbed [126].  
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Later, Albersen et al. [98] outlined that all B6 vitamers forms are eventually transferred in the 

PL form into the liver for phosphorylation and transport to tissues. This supports the assumption 

that any increase in any one B6 vitamer intracellularly, in the mucosa, would eventually lead to 

an overall increase in PL and PLP. It is believed that PL, most likely, is the vitamer that is mobilised 

and transferred though the system to its targets [98]. In rats, the absorption of PN was the 

highest in the duodenum then proximal jejunum, while the distal portion of the ileum had no 

absorption [127]. This raises the question of whether any gastric condition that might affect the 

mucosal lining of the intestines would have an impact on reducing B6 vitamers that might lead 

to deficiencies in humans. 

Figure 1.6 summarises the chemical structures and the chemical reactions of the vitamers and 

the enzymes associated with the reactions [39, 97-103, 128]. 
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Figure 1.6 A scheme of the chemical structures and reactions the B6 vitamers undergo in the human body
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1.7.3.3 Transport 

Plasma B6 consists of 8-30% plasma PL, while plasma PLP is the most prevalent form of B6 with 

a prevalence of 70-90% of total plasma B6 [117]. PLP is transported through the blood circulation 

via transport proteins through binding to albumin [99, 118]. The attachment to albumin is 

through covalent binding to three sites of the protein, however, the Lys190 portion is considered 

as the primary binding site [129] (Figure 1.5). This has led to the expectation that high albumin 

may result in low plasma PLP levels [118]. PL seems to be the most readily transferable form of 

B6 between tissues with an extremely low amount of PLP, and ALK Phosphatase is a hydrolysing 

agent that breaks PLP and is linked to interconversion between the B6 vitamers and thus 

transport [99, 116]. In vitro studies have led to the suggestion that PN and PM are secreted from 

the gastric mucosa cells to the blood circulation only when the intestine can no longer convert 

the two vitamers to PL for transport and eventually metabolism by the liver [124].  

1.7.3.4 Storage 

Once transferred, PLP is stored, in its majority, in the muscle tissue bound to phosphorylase 

enzymes, of which PLP is a coenzyme in its reactions [100]. Muscle B6 content appears to have 

a slow turn-over of B6 content [100]. Primarily associated with glycogen phosphorylase, PLP is 

the most prevalent form of B6 in the muscle compartment, more specifically, skeletal muscles 

[119]. The storage of PLP in tissues occurs when the non-phosphorylated forms are transported 

to the target tissues and then bind to target proteins, leading to trapping of the vitamin and 

storage [99, 100]. The trapping occurs as the phosphate group’s addition to the 5’ carbon of the 

pyridine leads to the formation of a negatively charged complex unable to diffuse out through 

the membrane of tissues, including the gastric mucosa [99]. The cytosol and the mitochondria 

are the two predominant cellular compartments that contain B6 [100]. In the literature, a study 

has shown that in rats, around 75 to 80% of the body B6 is stored in muscles and 5 to 10% is in 

the liver [119]. The previous rat model [119] was used to estimate the approximate human B6 

body content through biopsies of 5 females and 7 males [130]. The outcome estimated that B6 

storage in the body is around 1000 µmol [130]. 

1.7.3.5 Excretion and elimination  

As stated earlier, 4-pyridoxic acid (4-PA) (Figure 1.7) is the waste metabolite product in humans 

that is excreted [99, 100, 128] and is inactive with regards to metabolism and nutrition [99]. The 

metabolite was observed, in a limited human in vivo study, to be the major metabolite in urine 

after supplementation, and was believed to be the most appropriate method for B6 level 

assessment [131]. However, this is highly affected by previous B6 intake, which will be discussed 

in section 1.7.4. This form is a result of PLP being oxidised via aldehyde oxidase in the liver to PL 

firstly and further to 4-PA [100, 128, 132], ultimately being excreted thereafter in urine [100, 
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132] and, when in high concentration in the intestines, through faeces [98]. PLP, as an aldehyde, 

forms a Schiff base with the lysine portion of proteins forming an aldimine and this Schiff base 

formation is also the first step of PLP catalysis in a majority of the reactions with enzymes 

[100].Figure 1.7 shows a simplified outline of the first catalysis reaction [133]. 

 

 

 

 

  

 

Figure 1.7 Outline of Schiff base formation reaction and the waste product  
4-pyridoxic acid (4-PA) 

 

1.7.4 Methods of B6 measurement 

Measurement of the B6 vitamers have been a topic of debate as to which is the most appropriate 

method for accurate assessment of B6. Especially since, as outlined earlier, that different 

vitamers are prevalent in different proportions in different body compartments, necessitating 

the need to know which compartment is best to measure which vitamer [134]. The techniques 

and short comings of the different methods are outlined below. 

1.7.4.1 Measurement of Vitamin B6 

Two B6 measurement categories have been outlined, direct (concentration in blood 

cells/urine/or plasma) and functional (PLP saturation/tryptophan metabolites/or erythrocyte 

aminotransferase saturation) [100]. Plasma PLP is the most commonly analysed vitamer using 

high-performance liquid chromatography (HPLC), which is also used to measure the waste 

product, 4-PA [99, 135, 136]. The same technique is used to measure PNG in food and urine 

[135]. Ultra-performance liquid chromatography-tandem mass spectrometry is another method 

that was reported in measuring PN, PM, PL, PLP and 4-PA [98]. A study on 9 females has 

demonstrated that a high PNG containing diet resulted in significantly less excretion of 4-PA and 

total urinary B6 and higher excretion of urinary PNG [136]. Despite being done on a small 

number of female participants only, this shows that (i) PNG is highly excreted unused from the 

body, and (ii) the unpredictability of using urine as a marker of B6 status by itself. There was also 

4-pyridoxic acid (4-PA) 
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a significant increase of PNG in faeces as the PNG intake increased, indicating that PNG is not 

completely bioavailable [136]. Erythrocyte PLP is another method implemented in assessing B6 

levels with methodological issues and lack of agreement on its clinical utility [99]. Erythrocyte 

PLP was significantly less with high PNG intake making the clinical B6 assessment even more 

difficult [136]. Another method implemented in measuring the B6 is through the erythrocyte 

aminotransferase or erythrocyte glutamic oxaloacetic transaminase (EGOT) activation 

coefficient [137]. Therefore, there is no consensuses or straightforward method for measuring 

B6 levels [100]. Multiple vitamers would need to be assessed in multiple matrices, including 

blood, cells, urine and faeces. 

1.7.4.2 Measurement of PLP  

In the small study by Lui et al. [131], the researchers found that PLP plasma levels were less 

indicative of the actually body B6 storage as PLP levels remained steady even when B6 

supplementation was ceased. On the other hand, levels in the urine decreased dramatically 

within 5 days to an amount close to the pre-supplementation level [131]. This, somewhat, falls 

in line with the principle that majority of PLP is stored in the muscles and that PLP is released 

into circulation when the body’s B6 is reduced. Agreements on the utilisation of apotyrosine 

decarboxylase assay has been somewhat established between different laboratories that 

measure plasma PLP [100]. A long term study on the effects of exercise showed possible 

impairment of B6 status in the exercising group’s EGOT coefficient [137]. This further shows the 

difficulty of measuring PLP or other B6 vitamers as even physical activity can falsely elevate the 

results. Total urinary Vitamin B6 and urinary PNG have also been measured using microbiological 

methods with Saccharomyces Uvarum [136]. As outlined above, there is a lack of consensus 

regarding the most appropriate method for determining the exact body B6 status more 

specifically which of the vitamers is the most appropriate measurement. This led to 

recommendation of Reference materials and quality assurance programs, which are lacking 

currently [123]. Table 1.3 outlines the differences between the B6 vitamer measurement 

methods and the possible short comings that led to the challenges in determining the best 

measure for assessing B6 status. Since multiple B6 vitamers would need to be assessed in a 

number of matrices which would substantially increase costs and cause discomfort and 

inconvenience to the participants, survey questions relating to B6 intake through diet and 

supplements were utilised as an indicator of B6 status in this pilot study. 
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Table 1.3 Common methods implemented in assessing B6 

Analyte * Appropriate levels  Shortcomings 

Total plasma PLP >30 nmol/L  

Total plasma B6 >40 nmol/L  

Total Urinary B6 >3 μmol/day  

Total urinary B6 >0.5 μmol/day  

Urinary 4-Pyridoxic acid 
>3.0 μmol/day 
[117] 

Usually requires a 24 hrs urine 
collection Highly influenced by B6 
intake 

Muscle biopsy  Painful procedure [130] 

Erythrocyte Alanine 
aminotransferase 
coenzyme stimulation 
index 

<1.25 
Enzyme activity might change with diet 
[117] 

Erythrocyte aspartate 
aminotransferase 
coenzyme stimulation 
index 

<1.8 

Multiple measurement unit causing 
confusion and lack of consensus of 
interpreting data 

Enzyme activity might change with diet 
[117] 

2 g loading of L-
Tryptophan then 
measuring urinary 
xanthurenic acid 

<65 μmol/d  

3 g loading of L-
Methionine then 
measuring urinary 
cystathionine 

No established 
reference ranges 

[99] One reference 
reports it to be < 
350 μmol/d [117] 

No established references  

Note: Considered to be reflective of the 
liver’s B6 status [117] 

Diet intake assessment  
>1.2-1.5 mg/d as a 
weekly average 
[117] 

 

*Measurement methods of analyte are taken from Ross et al. [99] 
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2 Aims and objectives 

2.1 Study aims 

This pilot study aims to provide insight into the condition known as pyrrole disorder and the 

relationship between the recollection of dreams, remembering nightmares exclusively, STM 

performance and the micronutrient B6. 

2.2 Study objectives  

• To explore the relationship between pyrrole disorder and dream recall. 

• To explore the relationship between pyrrole disorder and exclusive nightmare 

recollection. 

• To explore the relationship between pyrrole disorder and short-term memory 

performance. 

• To explore the relationship between a person’s B6 status and the recollection of dreams, 

remembering nightmares exclusively, and STM performance. 

 

2.3 Research questions 
• Is there a relationship between STM (as measured by DST) and urine HPL? 

• Is there a relationship between dream recall and urine HPL? 

• Is there a relationship between STM and dream recall? 

• Is there a relationship between the ‘pyrrole disorder’ symptom cluster and HPL? 

• Is pyrrole disorder associated with lower STM as measured by DST? 

• Is pyrrole disorder associated with less frequent dream recall as measured by DST? 
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3 Methods 

3.1 Study design  

Pilot study. 

3.2 Study population 

The study population consisted of consenting healthy adults and adult patients referred from 

medical practitioners practicing in functional medicine who were familiar with treating patients 

with pyrrole disorder. Inclusion and exclusion criteria were as follows. 

Inclusion criteria: Participants who are: 

• Aged 18 years and older 

• Willing to complete a questionnaire 

• Willing to complete a STM test 

• Willing to provide a urine sample 

• Have a regular general practitioner/family doctor for referral of test results if required 

• Understand the participant information sheet and provide written consent 

 

Exclusion criteria: Participants who are: 

• Currently taking antibiotics, as antibiotics can interfere with the urine test 

 

3.3 Study location and duration 

The study was conducted at the Griffith University Clinical Trial Unit (GUCTU) at the Gold Coast 

campus and Applied Analytical Laboratories (AAL), depending on the participant’s preference 

specified in the EOI. The questionnaire, including the STM test, was conducted at either of the 

facilities and urine samples were collected in accordance to AAL’s standard procedure as AAL 

specialises in urine pyrrole analysis. Participants were assigned a code in order to blind AAL from 

knowing the patients’ personal details. Recruitment commenced in July 2017 and data collection 

concluded mid-November 2017.  

3.3.1 Griffith University Clinical Trial Unit  

GUCTU is a Good Clinical Practice (GCP) compliant site. Located at the Gold Coast campus, the 

facility is used by clinical researchers from Griffith University and the Gold Coast University 

Hospital (GCUH) for various clinical trials (I-IV), and is able to accommodate multiple trials 

concurrently. The privacy of the participants is of the highest concern of the facility and all users 

of GUCTU are required to sign a non-disclosure agreement (NDA) prior to use of the facility. Two 
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clinical treatment rooms were allocated to this study, in addition to access to secure storage 

facilities including a -80 °C freezer. 

3.3.2 Applied Analytical Laboratories  

Located at Logan-Meadowbrook and established in 2009, AAL specialises in urine analysis and 

specialised pathology for mental health conditions referred by health practitioners in different 

fields. Specialised in HPL analysis, the lab only accepts patients referred by health practitioners 

for HPL analysis. AAL also provides urine collection services through national pathology 

collection agencies or on-site. 

3.4 Ethical considerations 

All participants had to be voluntarily willing to take part in the study and were free to withdraw 

at any point of the study. As urine sampling is not invasive and not considered a high risk activity, 

there was minimal risk to the participants. Privacy was secured, as the participants were 

assigned a code, and as mentioned earlier, digital data was encrypted and password-locked.  

Ethical clearance was approved by the Griffith University Human Research Ethics Committee, 

reference number: 2017/093 (Error! Reference source not found.).  

Certificates of completion of GCP training and occupational health and safety were required by 

GUCTU along with a signed NDA from all members of the research team. Approval for the usage 

of the other study site, AAL, was granted by the director (Error! Reference source not found.). 

The study was conducted in compliance with the written standard operating procedure (SOP) 

established for each site, the university’s ethical clearance, the National Health and Medical 

Research Council (NHMRC) National Statement on Ethical Conduct in Human Research [138], 

the Australian Code for the Responsible Conduct of Research [139], and the internationally 

accepted standard of clinical design and conduct Note For Guidance on Good Clinical Practice 

[140]. 
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Recruitment
• Flyer, monthly university email

• Emails to practioners

• GUCTU database

Screening
• Email EOI and PICF

• Confirm clinic visit date

Clinic visit 
(GUCTU or 

AAL)

• Confirm participant details

• Sign consent form

• Complete survey and DST

• Provide urine sample

• Provide post survey information

Reporting
• Final 
report 

3.5 Study procedure 

An outline of the study procedures is shown in Figure 3.1. 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.1 Outline of the pilot study procedures 

 

3.5.1 Recruitment  

The following methods were utilised for recruitment of participants to the study: 

• Flyers (Error! Reference source not found.) placed in appropriate locations throughout 

the Gold Coast Campus 

• The university’s official monthly research advertisement emailed to all university 

members including staff and students. The email was sent by the office of the Vice 

President, Corporate Services (Error! Reference source not found.). An application was 

sent for auditing, prior to acceptance of the advertisement, and was consequently sent 

out monthly for the duration of the study. 

• Email contact with the volunteers registered at GUCTU’s database who previously 

indicated their interest in further participation in clinical studies at GUCTU. 

• Contact with medical practitioners who were familiar with treating patients with pyrrole 

disorder.  
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3.5.2 Screening and consent 

In order to take part in the study, persons interested in the study were required to email their 

interest to BioNODS@griffith.edu.au. The participants were then sent a secure link that directed 

them to an electronic participant information and consent form (PICF) (Error! Reference source 

not found.), which upon acceptance, directed them to an online EOI (Error! Reference source 

not found.). Screening was conducted through the EOI secured via Limesurvey™. The EOI 

included questions on basic demographic data including age, ethnicity and socioeconomic status 

in order to recruit a diverse population. No sensitive information was required in the EOI such 

as criminal history, sexual history or illegal activities. It was also outlined that the answers 

provided in the EOI would not exclude the person interested unless the exclusion criteria were 

met. 

Once the participant responded to the private EOI, the investigators organised a time and date 

for a scheduled visit and sent out a pre-made template, in avoidance of investigators’ bias, 

containing the details of the visit. The email also included a copy of the PICF, a site map and 

other details such as parking locations (Error! Reference source not found.). The study email 

(BioNODS@griffith.edu.au) was the primary contact method between the investigators and the 

participants with standardised responses and was accessible by all investigators. 

3.5.3 Participant involvement 

On the day of the scheduled visit, the protocol was followed for the respective clinical site (Error! 

Reference source not found.) including completion of sign-in sheets and collection of clinical 

notes (Error! Reference source not found.). A hard copy of the consent was provided to be 

signed by the participant on the scheduled visit after ensuring that the participant understood 

the study and procedures. This was followed by provision of a urine sample. Participants were 

not required to fast or drink large amounts of water prior to the sample provision. The survey 

questionnaire (Error! Reference source not found.) was completed thereafter and the visit 

concluded with the DST for STM assessment. Participants were then provided with post-

questionnaire information sheet (Error! Reference source not found.) and a gift card to cover 

travel expenses and were encouraged to ask any questions regarding the study.  
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3.6 Outcome measures 

3.6.1 Study tools 

The study utilised an electronic questionnaire, secured through Limesurvey™. The questions 

were in the form of Likert scale and dichotomous responses. Other tools included the STM DST 

and HPL urinary assessment at the time of survey. IPads were used to complete the survey and 

the DST. 

Principally, the EOI, survey, DST and urinary HPL were the objective measures. The EOI consisted 

of 21 questions relating to the demographic data of the participants such as age and gender, 

general health status, previous HPL tests, family history of elevated HPL and other logistic details 

such as the preferred site of attendance. The survey questionnaire, completed on the scheduled 

visit, included 55 questions relating to the symptom cluster of pyrrole disorder, dream and 

nightmare recall, B6 supplementation status, dietary intake, medications and other aspects 

believed to be of relevance to pyrrole disorder. 

3.6.2 Dream recall assessment 

On-site retrospective participant-based recall of dreams was assessed through a series of 

questions.  

3.6.3 Short-term memory assessment  

A computer based DST was used to assess participants’ STM, in avoidance of investigator bias. 

The software selected was BrainBaseline ©2016 Digital Artefacts LLC and was used on an IPad 

tablet with the scores being registered to a generated code which the investigator selected and 

allocated beforehand, thus ensuring privacy of the STM scores recorded online. 

3.6.4 B6 assessment 

There is a lack of consensus on the most appropriate method for determining B6 status, and 

more specifically which vitamer to assess, as described in section 1.7.4. In addition, urinary B6 

assessment is unreliable and assessments utilising blood are invasive. Therefore, B6 status was 

assessed through questions in the survey relating to diet and supplements taken.  

3.6.5 HPL assessment 

HPL was measured by a specialised pathology laboratory in accordance with their routine 

procedures for urine HPL assessment. Urine samples were frozen in a freezer for collection for 

the participants taking part at GUCTU to be delivered to AAL for procedural analysis. Similarly, 

the samples provided at AAL were processed as per AAL’s routine procedures. 
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3.6.6 Measurement tool testing 

The questionnaire tool was completed prior to the initiation of the study by an external panel of 

pyrrole disorder specialists who provided recommendations and suggestions on the survey 

questions and memory assessment tool. The panel included two general practitioners familiar 

with the treatment of pyrrole disorder, a compounding pharmacist specialised in nutritional 

therapy, a psychologist specialised in memory rehabilitation, and Dr William Walsh of the Walsh 

Research Institute. 

3.7 Data management and storage 

Participant data was protected, as the data obtained from the study was digitally secured and 

password protected in Limesurvey™. Data were stored securely via Limesurvey™ which is 

managed by Griffith University’s secure servers. Coding and de-identification of the 

questionnaire was implemented to prevent data identification by non-researchers. Urine 

samples were stored in the -80 Co freezer directly after collection. At GUCTU, samples were 

securely delivered via an AAL courier to the laboratory on dry ice.  

De-identification of the participants’ details was implemented through a six digit code that was 

allocated to participants once the scheduled visit was confirmed. This was to ensure that 

personal responses could not be paired with the original participant. Digital and paper format 

data were stored securely in a locked cabinet at GUCTU. 

3.8 Data analysis and sample size 

Statistical analyses of the data was conducted with IBM-SPSS statistics 24 software. Descriptive 

statistics were used for variables of interest that were assessed for normality through skewness 

and kurtosis. Parametric continuous variables were analysed and reported as mean ± standard 

deviation (SD) via T-tests or ANOVA. T-tests will be utilised when assessing two groups, while 

ANOVA will be used when testing three or more groups. Non-parametric continuous variables 

were reported as median and range with minimum and maximum values through Mann-

Whitney U and Kruskal-Wallis H test with further post-hoc analysis for significance. Categorical 

variables are presented as case frequency and percentage of prevalence through Chi-square 

analyses for dichotomous results. Dichotomous variables with cells having an expected cell 

count ≤ 5 were tested and reported as Fisher's exact test p-value. Results were considered 

significant if the p-value < 0.05. According to a previous study, a sample size of 67 patients and 

67 matched controls was sufficient to demonstrate a difference in HPL between controls and 

schizophrenic patients [109]. Therefore, this study aimed to recruit at least 134 participants in 

light of previous significance with such sample size. 
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3.9 Dissemination of results 

Post study reports and a summary of the results of the study will be sent to participants at the 

close of the study if requested. Results from the study will be presented in relevant academic 

journals and at conferences, while ensuring no identifiable data is shown.  
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4 Results 

4.1 Demographics 

The study concluded with 185 participants that satisfied the recruitment criteria and took part 

in the survey and provided a urine sample. All the participants completed the DST, however, the 

digital application used to conduct the test experienced a technical issue leading to failure to 

record nine of the DST conducted. Regardless, the results were reported on the complete 

participant pool unless specified otherwise. A CONSORT flow diagram is shown in Figure 4.1 

below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 CONSORT flow diagram 

 

Assessed for eligibility (n = 229) 

Completed Expression of Interest 

Excluded (n = 1) 

• Met exclusion criteria (n = 1) 
 

Questionnaire, urine pyrrole test,  

short-term memory test 

Completed the study, n = 186 

Lost to follow-up (n = 42) 

• Did not respond to invitation (n = 42) 

Enrolment 

Allocation 

Follow-up 

Analysed (n = 185) 

• Excluded contaminated urine sample 
(n = 1) 

 

Analysed for STM (n = 176) 

• Excluded from STM analyses due to 
technical issues with memory test 
 (n = 9) 

Analysis 
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Around two thirds of the participants were females (n = 124) while on third were males (n = 61) 

(Figure 4.2). The higher number of female participants was expected as females have been 

shown to be more likely to seek health care than males [141].  

 

Figure 4.2 Gender demographic 

 

The age of the participants ranged from 18 to 75 years with a mean age around 38 years of age 

(mean and SD, 37.96 ± 13.54 years). Participants’ age followed a normal distribution with slight 

skewness and kurtosis (Table 4.1). A visual presentation of the participants’ age range and 

distribution is presented in Figure 4.3. 

 

Table 4.1 Normality of age distribution 

 Mean ± SD Skewness Kurtosis 

Age (yrs) (n = 185) 

  Male 

  Female 

37.96 ± 13.54 

34.69 ± 13.74 

39.56 ± 13.21 

0.517 

0.998 

0.333 

- 0.651 

0.040 

- 0.691 

 
 
 
 
 
 
 
 
 
 
 
 

Male, 61, 33%

Female, 124, 67%
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Figure 4.3 Histogram of age distribution 

 
The participant demographic was spread across different ethnicities, as assessed through the 

open ended question: “How would you best describe your ancestry or ethnic origin?”.  

Caucasians constituted the largest portion of the population being 76.2% (n = 141) followed by 

Asians being 6.5%, while Middle-Eastern groups were 4.3% (n = 8) of the demographic. Lastly, a 

category of “other” ethnicities, collectively making 13% (n = 24) was added based on qualitative 

assessment, since some participants reported multiple ethnicities, including one report that 

included 57 ethnic origins. Figure 4.4 outlines the proportions of the ethnicities in the 

population. 
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Figure 4.4 Ethnicities of the participants  

 

Participants’ functionality was assessed through two questions that assessed occupational 

status and current work/life status, to identify the amount of physical and mental strain 

experienced.  

Answers to the question relating to employment status showed that more than half the 

participants were working from 15 to 40 hours or more than 40 hours per week, part time 

workers were 19% while 20% were unemployed or were not looking for work. Unemployed 

seeking work in the study were 6% while 3% were on temporary leave. The employment status 

of the participants is depicted in Figure 4.5.  
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Figure 4.5 Employment status of the participants 

 

Answers to the second question about work and life status showed that participants studying at 

university or TAFE were just under a third of the population making up 32%, 5% on early 

retirement, 1% in age related retirement, 3% in military or voluntary service and 53% answered 

“yes” to none of the above (Figure 4.6). 

 

Figure 4.6 Career status of the participants 

 

Two of the full time workers (≥ 40 hrs/wk) were also in university or TAFE and 28 were exclusively 

working. Of those employed and working 15-39 hrs/wk, 16 were in university whereas 46 were 

only working. These add up to slightly more than half the population, thus establishing a high 

functioning population taking part in the study.  

Exlusively on 
domestic 

duties, 12, 6%

Age related 
retirement, 1, 

1%

Early 
retirement, 9, 

5%

Military / 
community / 

voluntary 
social service, 

6, 3%

In university / 
TAFE, 59, 32%

None of the 
above, 98, 53%

Working ≥ 40 
hrs/wk, 30, 16%

Working 15 - 39 
hrs/wk, 66, 36%

Not employed, 
looking for work, 

11, 6%
Part time work
(< 15 hrs), 36, 

19%

Not employed, 
not looking for 
work, 37, 20%

On temporary 
leave, 5, 3%
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The participants were also asked in the EOI if they had any health conditions ranging from 

general chronic to gastrointestinal conditions. Firstly, with respect to chronic health conditions, 

chronic pain was the most reported condition (17.8%), followed by asthma (14.6%) and 

autoimmune conditions (10.3%). Equal cases of anaemia and diabetes (4.3%) were reported by 

the participants. Regardless, more than half of the participants (50.3%) did not suffer from any 

chronic condition (Figure 4.7). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7 Chronic health conditions of the participants 

 

Secondly, most participants did not have gastric health conditions to their knowledge (71.9%). 

Of the most reported gastric conditions were Irritable bowel syndrome (15.7%), while 

inflammatory bowel disease, Crohn's disease and coeliac disease each constituted 1.1 % of the 

total reported responses. Of the two participants who answered “yes” to inflammatory bowel 

disease, one also answered “yes” to Crohn's disease. Twenty-six gastric conditions (14%) were 

reported under “other” with the most frequent gastric conditions being constipation (n = 4) and 

gluten and food intolerances (n = 4) that were not associated to coeliac disease. A single case of 

ongoing cancer, which was being treated, was the most severe health condition reported. The 

reported gastric conditions of the participants are shown in Figure 4.8. 
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Figure 4.8 Gastric conditions of the participants 

 

A series of questions were asked in the survey for the purpose of assessing the mental health of 

the participants. The questions addressed if the participants were currently receiving treatment 

for anxiety or depression and followed by an open ended dialogue box to specify the treatment 

received. Most of the participants were not currently on treatment, the participants who were, 

specified the indication for use to be mostly anxiety and depression (n = 42) amongst other 

mental health condition such as bipolar disorder and suicidal ideation. The responses to the 

question relating to treatment for mental health conditions is represented in Figure 4.9.  

 

Figure 4.9 Are you currently receiving treatment for anxiety / depression / 
other mental health condition? 
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Specific questions relating to pyrrole disorder were asked to identify whether participants had 

a history of the condition. The first question enquired if the participants had previously had their 

urinary pyrroles tested, to identify if any participants had already received treatment for pyrrole 

disorder, and were therefore not considered treatment naive. Figure 4.10 demonstrates that 

13.5% of participants had previously had their urine pyrrole tested, of those only eleven (n=11) 

were taking both B6 and Zn. 

 

Figure 4.10 “Have you previously had your urine pyrrole content measured?” 

 

A second question inquired about any family history of pyrrole disorder (Figure 4.11). Only 13% 

answered “yes” to the question while the majority of the population answered “uncertain” to 

the family history (62.7%), and 24.3% of the participants responded “no” to the question on 

family history of pyrrole disorder.  
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Figure 4.11 Do you have a family history of elevated urine pyrroles? 

4.2 Internal reliability of the questionnaire tool 

Internal reliability is a measure of demonstrating the correlation between similar questions used 

in the same testing tool. Cronbach’s alpha is referred to as the index of reliability and is used to 

measure internal consistency [142]. Cronbach’s alpha values range between 0 to 1, where values 

of α > 0.9 considered excellent, values between 0.9 > α ≥ 0.8 are good, values 0.8 > α ≥ 0.7 are 

acceptable, 0.7 > α ≥ 0.6 are questionable, 0.6 > α ≥ 0.5 are poor, and α < 0.5 are considered 

unreliable [143]. The robustness of the questionnaire tool is shown in the reliability analyses in 

Table 4.2, where Cronbach’s alpha was used to show correlation between the answers to 

duplicate questions.   
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Table 4.2 Internal validity of the pyrrole cluster assessment 

Cronbach’s alpha value Question used Duplicate question 

0.983 
Do you tend to be bothered 
by bright lights? 

Please select any of the 
following that may apply to 
you : Tend to be bothered by 
bright lights 

0.983 
Do you tend to be bothered 
by loud noises? 

Please select any of the 
following that may apply to 
you : Tend to be bothered by 
loud noises 

0.800 
Do you enjoy reading for 
leisure? (e.g. fiction, novels)  

Please select any of the 
following that may apply to 
you : Don’t enjoy reading for 
pleasure 

0.855 
Do you suffer from mood 
swings, anger, or short 
temper? 

Please select any of the 
following that may apply to 
you : Mood swings 

 

Cronbach’s alpha values demonstrated outcomes of good (α ≥ 0.8) to excellent (α ≥ 0.9) 

reliability of the questions implemented in the survey. This emphasised the strength of the 

questions in the novel questionnaire assessing pyrrole symptoms and traits. 

4.3 Vitamin B6 and HPL 

Urine HPL levels are measured in practice in order to diagnose pyrrole disorder and also as an 

indicator of how well the treatment is controlling the condition. HPL values failed to pass 

normality test as shown in Table 4.3 and Figure 4.12. Non-parametric tests will, therefore, be 

conducted on any analyses of HPL.  

Table 4.3 Normality of HPL values 

 

 

 Skewness Kurtosis Median (min-max) 

HPL (μg/dL) 3.703 17.857 59.1 (5.3 - 720.3) 



43 

 

Figure 4.12 Histogram of HPL values 

 

4.3.1 Diet and HPL levels 

As previously mentioned, HPL levels are lowered when patients are taking the treatment for 

pyrrole disorder consisting of B6 and Zn. A Kruskall-Wallis test was used to assess the association 

between HPL levels and high intake of food containing B6. The intake of B6 intake demonstrated 

insignificant effects on HPL levels as shown in Table 4.4. 
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Table 4.4 B6 rich food and HPL levels 

 HPL (μg/dL)  
 median (min-max) Statistics 

Meat consumption including 
(poultry, fish and seafood) 
  Daily (n = 104) 
  2-3 times per week (n = 58) 
  Once per week (n = 7) 
  Never (n = 16) 

 
 
68.05 (8.5 - 720.3) 
49.50 (7.3 - 363.5) 
97.80 (17.7 - 634.4) 
41.90 (5.3 - 555.7) 

 
 
χ2 = 4.662 
p = 0.198 

Consuming cereals 
  1-3 times a day (n = 21) 
  2-3 times a week (n = 26) 
  Once a week (n = 15) 
  Once or twice a month (n = 24) 
  Less than once a month (n = 99) 

 
32.70 (9.0 - 146.8) 
61.25 (7.3 - 275.7) 
73.20 (20.6 - 634.4) 
63.45 (13.1 - 233.2) 
63.90 (5.3 - 720.3) 

 
 
χ2 = 7.650 
p = 0.105 

Consuming grains (bread, pasta, 
rice, oatmeal) 
  1-3 times a day (n = 78) 
  2-3 times a week (n = 60) 
  Once a week (n = 15) 
  Once or twice a month (n = 17 ) 
  Less than once a month (n = 15) 

 
 
53.55 (5.3 - 555.7) 
55.00 (9.7 - 634.4) 
83.00 (13.5 - 170.9) 
68.00 (20.8 - 720.3) 
56.00 (17.6 - 363.5) 

 
 
χ2 = 2.528 
p = 0.640 

Consuming beans (chickpeas, 
lentils, soy, kidney) 
  1-3 times a day (n = 9) 
  2-3 times a week (n = 38) 
  Once a week (n = 51) 
  Once or twice a month (n = 42) 
  Less than once a month (n = 45) 

 
 
54.30 (5.3 - 555.7) 
52.20 (7.3 - 634.4) 
63.20 (10.9 - 357.5) 
69.95 (13.1 - 295.7) 
59.20 (9.7 - 720.3) 

 
 
 
χ2 = 2.884 
p = 0.577 

 

It is noteworthy to highlight that in a study of 41 females and 35 males, being vegetarian or non-

vegetarian, there was no significant difference between the two groups with regards to plasma 

PLP or urinary B6 excretion [144]. This was supported by another trial in German vegans, where 

no differences were shown between the vegans’ body B6 levels in the study and the national 

intake of B6 [145], and in another American study in women [146]. This means that any possible 

fad diets in the population (e.g. excessive meat intake) was not the reason of the insignificance 

seen between B6 dietary intake and HPL levels.  

Additionally it was found that the amounts of B6 in dietary intake were very small in comparison 

to the large doses in the supplements taken by the participants in our study. Some supplements 

contained more than 10 times the amount of B6 in a serving size of a B6 rich food as discussed 

below.  
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4.3.2 Vitamin B6 supplements and HPL levels 

The survey questionnaire also included questions about the intake of B6 or Zinc supplements. 

An open ended section was included after these questions for participants to give the product 

name of any supplements taken. The supplements the participants reported in the survey and 

the concentration of content, excluding generic compounded products, are summarised in Table 

4.5 below. Only six products that the participants reported included B6, with no Zn, in either of 

the two forms, namely PN or PLP. From Table 4.5, it can be seen that B6 and Zn are often 

formulated together in the same commercially available product.
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Table 4.5 Supplements reported by the participants 

Products B6 content PLP content Zn content 

Activated B complex  Exact product not specified by participant 

Beyond Tangy Tangerine powder [147] Pyridoxine HCl 30 mg  Zinc as gluconate 2 mg 

BioBalance Primer 
Compounded in different ratios in 
pharmacies 

Compounded in different 
ratios in pharmacies 

Compounded in different ratios in 
pharmacies 

Bioceuticals Women’s essentials  
 [148] 

Pyridoxine HCl 48mg - equiv. 
pyridoxine 40mg 

PLP 16 mg - equiv. 
pyridoxine 10 mg 

Zinc as amino acid chelate 15 mg 

Blackmores Bio Zinc [149] Pyridoxine HCl 50 mg  
Zinc as amino acid chelate 125 mg - 
equiv. elemental zinc 25 mg 

Blackmores Pregnancy & Breast-Feeding Gold [150] 
 

Pyridoxine HCl - equiv. pyridoxine 
950 μg 

 
Zinc oxide 6.82 mg - equiv. 
elemental zinc 5.5 mg 

Blackmores Executive B stress formula [151] Pyridoxine HCl 25 mg   

Cenovis Zinc plus [152] Pyridoxine HCl 10 mg  Elemental zinc 25 mg 

Centrum Multivitamins [153] Varies depending on the product 

Dr Vera’s activated B complex 
Pyridoxine HCl 20 mg - equiv. 
pyridoxine 16.45 mg 

PLP 10 mg - equiv. 
pyridoxine 6.85 mg  

 

Eagle Mag Restore  
[154] 

Pyridoxine HCl 25.45 mg - equiv. 
pyridoxine 20.6 mg 

  

Elevit pregnancy multivitamin [155] Pyridoxine 1.9 mg  Zinc 11 mg 

Ethical Nutrients Mega Magnesium [156] Pyridoxine HCl 16.6 mg  
Zinc sulphate monohydrate 19 mg - 
equiv. elemental zinc 7 mg 

Healthy essentials liquid women’s multivitamin 500 
ml [157] 

Pyridoxine HCl - equiv. pyridoxine 37 
mg 

 
Zinc from amino acid chelate 50 mg - 
equiv. elemental zinc 14 mg 

Herbs of Gold Vitamin C 1000 Plus Zinc & 
Bioflavonoids [158] 

  Zinc as amino acid chelate 8 mg 
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Metagenics Femmex [159] Pyridoxine HCl 2.78 mg/g  Zinc as amino acid chelate 2.78 mg/g 

Metagenics Glutagenics [160]   Zinc as amino acid chelate 9.74 mg/g 

Metagenics Hemagenics iron advanced [161] Pyridoxine HCl 5 mg   

Metagenics Zinc Drink [162] Pyridoxine HCl 2.5 mg/ml  Zinc sulfate 50 mg/ml 

Nature’s own Zinc, B6 & Magnesium [163] Pyridoxine HCl 25 mg  
Zinc sulfate monohydrate 15.6 mg - 
equiv. to elemental zinc 5.7mg 

Nature’s Way Adult multivitamin vitagummies 
[164]  

Pyridoxine HCl 608 mcg - equiv. 
pyridoxine HCl 500 mcg 

 Zinc as Oxide 1 mg 

Now Foods Vitamin B-6 100 mg Capsules [165] Pyridoxine HCl 100 mg   

Now Foods Zinc 50 mg Tablets [166]   Zinc from zinc gluconate 50 mg 

Orthoplex activated B6 [167]  PLP 20 mg  

Orthoplex SFM Xcell [168]  PLP 21.9 mg Zinc citrate dehydrate 30.77 mg 

SlimRight shakes [169] Different content depending on the product 

Spectrum Ceuticals Zinc Citrate P5P Forte 90 
Capsules [170] 

Pyridoxine HCl 151.94 mg - equiv. 
Pyridoxine 125 mg 

PLP 36.52 mg - equiv. 
Pyridoxine 25 mg 

Zinc citrate dehydrate - equiv. 
elemental zinc 50 mg 

Swisse liquid Iron [171] 
Pyridoxine HCl 486.2 mcg – equiv. 
pyridoxine 400 mcg 

  

Swisse multivitamin [172] Different content depending on the product 

Thompson, Zinc picolinate, 25 mg, 60 Tablets [173]   Zinc as picolinate 25 mg 

 HCl = Hydrochloride
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A Mann-Whitney U test was conducted to assess the effects of intake of supplements containing 

B6 and urine HPL levels. Investigation into the product names the participants entered in the 

open ended question demonstrated varying reports of B6 intake. Several cases reported only 

taking B6, but in fact the product that some participants listed included large doses of Zn and 

vice versa. In total, there were 48 participants that were taking B6, where only five were taking 

B6 only, and the remaining 41 participants may have also been taking Zn, since they responded 

“yes” or “uncertain” to taking Zn supplements. The results did not show a significant difference 

between HPL levels and those taking B6 supplements (p = 0.242) as detailed in Table 4.6 below. 

Table 4.6 B6 and HPL levels 

 HPL (μg/dL)  

 median (min-max) Statistics 

Taking supplements containing B6  
  Yes (n = 48) 
  No (n = 115) 

 
53.65 (7.3 – 555.7) 
56.70 (5.3 – 720.3) 

 
U = 2438.500 
p = 0.242 

 

It is worth mentioning that those who were certain to be only taking Zn supplements were, 

similar to B6, scant with only seven participants sure that they were only taking Zn supplements. 

Therefore it is not possible to conduct credible inferential statistics on HPL with such a low 

number of participants taking B6 only or Zn only. Thus, only participants consuming both 

supplements was used for the analysis (n = 38). Figure 4.13 demonstrates the number of 

participants taking the different combinations of B6 and Zn. 

 

Figure 4.13 Supplementation status of the participants 
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A Mann-Whitney U test was conducted to assess the effect of taking B6 + Zn, which is effectively 

the treatment for pyrrole disorder, and HPL levels. The outcome displayed a trend of lower 

median and maximum HPL levels for the participants receiving B6 + Zn than those taking no 

supplements (p = 0.080) (Table 4.7). 

Table 4.7 HPL levels and supplementation of B6 and Zn 

 HPL (μg/dL)  
 median (min-max) Statistics 

B6 + Zn intake 
  Receiving both (n = 38) 
  Receiving none (n = 107) 

 
49.75 (7.3 - 146.7) 
56.70 (9.0 - 720.3) 

 
U = 1643.500 
p = 0.080 

 

A box and whisker plot of the relationship between HPL levels and the supplementation status 

is displayed in Figure 4.14. The implementation of the clinical treatment (B6 + Zn) resulted in 

lower median but did not demonstrate significant outcome (p = 0.080) as shown in Figure 4.14. 

Figure 4.14 Box and whisker plot of B6 and Zn supplementation and HPL 
levels 
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Dosages of the supplements specified by the participants were lacking. Supplements are also 

available in different salt forms and in different concentrations. This is further complicated since 

there was no indication of medication compliance. Interventional clinical trials are reported to 

have some of the highest compliance rates, but with a rate of merely 43-78% in general for these 

trials, the issues with difficulties in ensuring compliance is highlighted [174].  

Another factor that might affect the response to B6 intake is ethnic background, where different 

populations might respond differently to B6 intake [175]. For example, a study has shown that 

Caucasian and native Africans both responded well to 10 mg/day of PN supplementation after 

dinner, with a significant increase of > six times plasma PLP noted in Caucasian Africans and > 

ten times increase for native Africans, after 3 weeks of supplementation [176]. Thus, details of 

B6 in diet and in supplementation would have been required for a long period prior to 

conducting the study to ensure control and compliance of the participants with respect to B6 

intake.  

Clinical notes also revealed that a number of participants consumed energy drinks and upon 

further investigation, it was noted that energy drinks, such as Red Bull™ [177] and Monster 

Energy™ [178], report amounts of B6 per serving that are greater than the recommended daily 

intake [117].  

It is also important to note that dietary intake of B6 from plant sources such as PNG have been 

estimated to be only 50% bioavailable in comparison to PN supplementation in animal studies 

[135, 179]. When given PN, the excretion of the B6 waste product 4-PA decreased to nearly half, 

on the other hand, PL supplementation led to steep increase of the plasma PLP and urinary 4-

PA perhaps due to faster oxidation and clearance [180].  

The above factors demonstrate the multiple confounders that could have affected the B6 intake 

by the participants. Controlling B6 intake would have taken multiple weeks in order to normalise 

the intake of all the participants. Considering the constraints of time in this study, it was not 

feasible to control the participant pool extensively with regard to dietary and supplementation 

intake of B6 and Zn. 

Further, urine HPL levels were shown to be influenced by other factors such as physical stress 

or exposure to environmental toxins [7]. Therefore, a clearer measure was required for the 

assessment of pyrrole status in this study. 
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4.4 Assessment of pyrrole status 

Participants were asked about how they found out about the study. Options included a flyer at 

the University or workplace, “my doctor told me about it” or “other”. From these results, the 

participants were grouped into two groups of “referred” an`d “non-referred” participants and 

were analysed for differences in HPL levels using a Mann-Whitney U test (Table 4.8). This was 

tested in order to assess whether the status of being referred was a confounder on HPL levels. 

The referred participants (n = 79) included referrals from general practitioners (88%), 

psychologists (4%) and naturopaths (8%). No significant difference in HPL levels was observed 

between the referred and non-referred participants (U = 3646.5; p = 0.134), with a higher 

median HPL level observed for the non-referred participants. 

Table 4.8 Referral status and HPL levels 

 HPL (μg/dL) 
 median (min-max) 

Statistics 

Referred participants (n = 79) 
Non-referred participants (n = 106) 

54.30 (5.30 - 720.30) 
64.35 (9.00 - 555.70) 

U = 3646.500 
p = 0.134 

 

This was not an unexpected finding, since HPL levels are shown to increase in healthy individuals 

when exposed to physical stress. For example, HPL was reported to increase significantly in male 

volunteers exposed to brief cold-water immersion stress, with HPL reverting to bassline levels 

after 24 hours [7]. As outlined previously in Figure 4.5 and Figure 4.6, the population consisted 

of participants that were high functioning such as university students who also worked for 15-

39 hours per week. Further inspection of the clinical notes revealed that some healthy 

participants had previously been treated for pyrrole disorder. Furthermore, some of the referred 

participants were taking the treatment for pyrrole disorder and some of the non-referred 

participants were supplementing with B6 and Zn for sporting or other health reasons, and were 

thereby taking the treatment inadvertently. 

As B6 and Zn supplementation status and physical stress can influence HPL levels, a more 

accurate determination of pyrrole status was needed based on these two criteria. The 

participants were therefore split into two groups based on their responses to the questions in 

the survey relating to the pyrrole symptom cluster. Table 4.9 lists the symptoms and traits of 

pyrrole disorder and the scoring system to be implemented in further analyses. HPL levels were 

not accounted for in the pyrrole cluster analysis due to the confounders on HPL levels outlined 

above including fluctuation due to exposure of short term stressors. The symptom cluster was 



52 

therefore chosen as the symptoms denote a history of pyrrole disorder that is more 

representative of the condition. 

Table 4.9 Pyrrole disorder symptoms and points allocated for grouping participants   

Pyrrole disorder symptoms Number of points 

Little or no dream recall 
 No recollection of dreams, or 
  recalling dreams only once/twice a year 

 
1 point 
 

Recalling nightmares only 1 point 

Poor STM (self-estimate ≤ 5/10)  1 point 

No reading for pleasure 1 point 

Tendency to skip breakfast 1 point 

Chronic dry skin 1 point 

Suffering frequent illness 1 point 

Sensitive to loud noises 1 point 

Sensitive to bright lights 1 point 

Anger/mood swings/ short temper 1 point 

Preference to staying up late 1 point 

Affinity for spicy foods Excluded due to possible cultural factors 

Pale skin/inability to tan Excluded due to possible ethnic factors 

Total cluster score 
11 points maximum 
0 points minimum 
Non-pyrrole ≤ 5, Pyrrole ≥ 6 

 

As shown in Table 4.9, those with a score of 0-5 (≤ 50% of symptoms) were assumed “non-

pyrrole” and “pyrrole” participants were those with a score of 6-11 (>50% of symptoms). 

Generally, in clinical practice, health practitioners would consider patients to be pyrrole if more 

than 50% of the symptoms applied, which is also suggested by Jaffe et al. [43] and Walsh [5]. 

Self-perception of STM was used instead of the actual DST, as patient’s perception of memory 

is a retrospective measure of symptoms, similar to dream recall frequency and other symptoms 

of the cluster. Clinical notes revealed that certain ethnic groups had consumed spicy foods from 

a young age, and therefore their affinity for spicy food could not be accurately used as a 

symptom of pyrrole disorder. Similarly, a number of participants were dark-skinned, therefore 

the question relating to the inability to tan would only apply to a portion of the population.  
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The cluster scores showed a normal distribution with a skewness of 0.110 and a kurtosis of -

0.671. From the above pyrrole symptom cluster scoring system, 44 (24%) participants were 

identified as “Pyrrole”, and 141 (76%) were identified as “Non-pyrrole”. 

Statistical analyses were conducted on demographic data and the pyrrole status to describe any 

differences between the pyrrole and non-pyrrole participants. A significant difference was 

shown for gender and age, with no difference in ethnicity between pyrrole and non-pyrrole 

participants (Table 4.10). 

Table 4.10 Pyrrole status and age, gender and ethnicity 

 Pyrrole status  

 
Pyrrole  
(n = 44) 

Non-pyrrole  
(n = 141) 

Statistics 

Gender  
  Male 
  Female 

 
9 (14.8%) 
35 (28.2%) 

 
52 (85.2%) 
89 (71.8%) 

 
χ2 = 4.094 
p = 0.043 

Age (mean ± SD) yrs 41.98 ± 12.254 36.70 ± 13.723 
t = -2.281 
p = 0.024 

Ethnicity 
  Caucasian 
  Asian 
  Middle-Eastern 
  Other  

 
32 (22.7%) 
4 (33.3%) 
0 (0%) 
8 (33.3%) 

 
109 (77.3%) 
8 (66.7%) 
8 (100%) 
16 (66.7%) 

 
χ2 = 4.400 
p = 0.221 

 

The majority of the general participant pool consisted of females, however the pyrrole group 

consisted of a higher proportion of females (35 of 44, 79%) than the non-pyrrole group (89 of 

141, 63%). The pyrrole group were significantly older (p = 0.024), with a mean age of 42 years, 

than participants in the non-pyrrole group who had a mean age of 37 years. The significant 

differences in age and gender in the two pyrrole groups will, therefore, be taken into 

consideration in further analyses relating to dream recall and STM. 

Inferential statistics based on the pyrrole status was performed through a Mann-Whitney U test 

to determine any significant difference in HPL levels between the two groups (Table 4.11). The 

outcome was, similar to that based of referral status and B6 intake, insignificant between the 

pyrrole and non-pyrrole participants (p = 0.910). This outcome reemphasised that HPL should 

not be used solely as the main marker for pyrrole disorder in the diagnosis of the condition. 
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Table 4.11 Pyrrole status and HPL levels 

 

Pyrrole status 

Statistics Pyrrole  
(n = 44) 

Non-pyrrole 
 (n = 141) 

HPL (μg/dL) 
median (min-max)  

57.95 (8.5 - 634.4) 59.1 (5.3 - 720.3) 
U = 3067 
p = 0.910 

 

The chronic conditions reported by the participants were tested in a Chi-square and Fisher’s 

exact test analyses with pyrrole status (Table 4.12) to determine if there were any differences 

between the pyrrole and non-pyrrole participants with respect to chronic conditions. A 

significance difference was shown for chronic pain and pyrrole status (p < 0.001), with a higher 

proportion of pyrrole participants (16 of 44, 36.4%) suffering from chronic pain than non-pyrrole 

participants (17 of 141, 12.1%). Chronic pain is not a symptom that is anecdotally associated 

with pyrrole disorder [5], and since the cause of the chronic pain was not investigated, this is an 

interesting finding from the study that warrants further investigation.   

Table 4.12 Chronic conditions vs. pyrrole status 

 Pyrrole status  

 
Pyrrole  
(n = 44) 

Non-pyrrole 
 (n = 141) 

Statistics 

Asthma 
  Yes  
  No 

 
8 (29.6%) 
36 (22.8%) 

 
19 (70.4%) 
122 (77.2%) 

 
χ2 = 0.596 
p = 0.440 

Chronic pain 
  Yes 
  No 

 
16 (48.5%) 
28 (18.4%) 

 
17 (51.5%) 
124 (81.6%) 

 
χ2 = 13.519 
p < 0.001 

Autoimmune 
conditions 
  Yes 
  No 

 
6 (31.6%) 
38 (22.9%) 

 
13 (68.4%) 
128 (77.1%) 

 
Fisher’s exact test 
p = 0.413 

Generally suffer 
from gastric 
conditions 
  Yes 
  No 

 
 
17 (32.7%) 
27 (20.3%) 

 
 
35 (67.3%) 
106 (79.7%) 

 
 
χ2 = 3.167 
p = 0.075 

Irritable bowel 
syndrome 
  Yes 
  No 

 
 
11 (37.9%) 
33 (21.2%) 

 
 
18 (62.1%) 
123 (78.8%) 

 
 
χ2 = 3.797 
0.051 

 

An interesting outcome of the analyses was that there was no difference in gastric conditions 

between the two groups (p = 0.075), although a trend, while not significant, was observed for 



55 

irritable bowel syndrome. Since pyrrole disorder requires supplementation with Zn and B6, 

patients with irritable bowel syndrome may require increased doses to allow for any difficulties 

with absorption. 

4.5 Pyrrole disorder and the recollection of dreams and nightmares 

4.5.1 Dream recall 

Of the 185 participants, only eleven did not remember having dreams. Of the 11 who did not 

recall dreams, six were in the non-pyrrole group and five were in the pyrrole group. Ten of the 

participants who did not recall dreaming, thought dreams could have deeper meanings, and 144 

of the 174 dream recallers thought dreams had deeper meanings.  

Figure 4.15 displays the questions relating to dream frequency consisting of one dichotomous 

question and one Likert scale question relating to frequency.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.15 Flow chart of the survey questions relating to dream recall 
frequency 

 

How often do you remember dreaming? 

Daily to weekly (n = 121) 

➢ Every night 
➢ 3 or more times per week 
➢ Once or twice a week 

Monthly (n = 43) 

➢ Once or twice a month 

Yearly (n = 10) * 

➢ Once or twice per year 

 

Yes (n = 174) * No (n = 11) * 

Do you remember having 
dreams? (n = 185) 

* A symptom of pyrrole disorder 
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Due to the small number of participants (n = 11) not recalling dreaming, leading to inability to 

perform inferential statistics, the above two questions were transformed into three groups 

consisting of: (i) those who did not remember dreaming (n = 11) and those who recall dreams 

yearly (n = 10) in order to capture the symptom of “little to no dream recollection”; (ii) those 

who recall dreams monthly (n = 43); and (iii) those who recall dreams daily to weekly, 

represented by the first three responses in the original 5-point Likert question. Figure 4.16 

shows the frequencies and percentages of the responses for the three groups. 

 

Figure 4.16 Responses to dream recall frequency 

 

The dream recall frequency between the pyrrole and non-pyrrole groups resulted in a significant 

difference between the two groups in a Chi-square analysis (χ2 = 6.140, p = 0.046) (Table 4.13). 

Only 23 (19.0%) pyrrole participants recalled dreams on a daily to weekly basis, while 98 (81%) 

recalled dreaming on daily to weekly basis from the non-pyrrole participants. Nine of the 44 

(20.5%) pyrrole participants recalled dreams “yearly to none”, in comparison to 12 of the 141 

(8.5%) participants in the non-pyrrole group. This followed the anecdotal evidence of pyrrole 

patients recalling less dreams than healthy individuals [5, 7]. This indicates that “yearly to none” 

recall is more prevalent in the pyrrole group, thus highlighting this symptom as a significant 

indicator of pyrrole disorder.  

 

 

 

 

 

 

Daily to weekly , 121, 66%

Monthly , 43, 23%

Yearly to none , 21, 11%
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Table 4.13 Pyrrole status and dream recollection frequency 

 Pyrrole status  
 Pyrrole 

(n = 44) 
Non-pyrrole 
(n = 141) 

Statistics 

Dream recall 
frequency 
  Daily to weekly 
  Monthly 
  Yearly to none 

 
 
23 (19%) 
12 (27.9%) 

9 (42.9%) 

 
 
98 (81%) 
31 (72.1%) 
12 (57.1%) 

 
 
χ2 = 6.140 
p = 0.046 

 

Assessment of gender as a possible confounder in dream recall frequency resulted in an 

insignificant difference in a Chi-square analysis (p = 0.890). Similarly, gender and the thoughts 

of dreams as having deeper meanings, did not exhibit significance as shown in Table 4.14. 

 

Table 4.14 Gender differences and dream parameters 

 Gender  

Male 
(n = 61) 

Female 
(n = 124) 

Statistics 

Dream recall frequency 
  Daily to weekly recollection  
  Monthly recollection 
  Yearly recollection  

 
41 (33.9%) 
14 (32.6%) 
6 (28.6 %) 

 
80 (66.1%) 
29 (67.4%) 
15 (71.4%) 

 
χ2 = 0.233 
p = 0.890 

Do you think dreams have deeper 
meanings? 
  Yes 
  No 

 
 
50 (32.5%) 
11 (35.5%) 

 
 
104 (67.5%) 
20 (64.5%) 

 
 
χ2 = 0.106 
p = 0.744 

 

This is in contrast to previous reports attributed to females’ interest in their dreams [73, 81] and 

their thoughts of dreams having deeper meanings and thus an ability to help in solving life issues 

[72].  

In terms of the differences in demographics between the pyrrole and non-pyrrole groups shown 

in Table 4.10 in section 4.4, there was a significantly higher number of females in the pyrrole 

group (79.5%) compared to the non-pyrrole group (63.1%), therefore, it would be expected that 

the pyrrole group would have better dream recall, since females tend to recall dreams more 

than males [51, 72]. However, in this study, it was shown that the pyrrole group recalled less 

dreams, emphasising that poor dream recall is an important diagnostic symptom in pyrrole 

disorder. 
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Dream recall frequency was compared to age through a one-way ANOVA. A statistical difference 

between the three groups was shown (F = 12.220; p < 0.001). Further analysis, through a post-

hoc Tuckey’s HSD, demonstrated that participants recalling dreams “daily to weekly” were 

significantly younger than those recalling “monthly” with a mean and SD of 34.98 ± 12.57 years 

and 40.95 ± 13.36 years respectively (p = 0.025). Similarly, a significant difference was noted 

between the “daily to weekly” recall and the “yearly to none” recall groups (p < 0.001). No 

statistical significance was observed between the “monthly” recall and the “yearly” recall. This 

supported previous evidence of aging having effects on dream recall [74, 75, 181]. As most 

dreams occur during the REM phase of sleep [56], and cortisol increases in REM phase [49, 50] 

especially past the age of 50, leading to more wakefulness, it is reasonable that dream recall 

frequency decrease with increased age. Results of the inferential statistics are shown in Table 

4.15. 

Section 4.4, Table 4.10, highlighted a significant difference between the mean age in the pyrrole 

and non-pyrrole groups, with the pyrrole group having a slightly higher mean age of 41.98 years 

compared to the non-pyrrole group of 36.70 years. Since these age groups are within the same 

category of middle-aged adults (36-55 years), and do not cross the categories of young adult 

(18-35 years), or older adults (older than 55 years), it is unlikely that this difference in groups 

would have any significant effect on the results for dream recall frequency and age for the entire 

population. 

Table 4.15 Dream recall frequency and age 

 Dreams recall frequency   
 ( A ) 

Daily to weekly  
(n = 121) 

( B ) 
Monthly  
(n = 43) 

( C ) 
Yearly to none 
(n = 21) 

 
Statistics 

 
Post-hoc 

Age 
(mean ± SD) 
(yrs) 

34.98 ± 12.57 40.95 ± 13.36 48.95 ± 12.85 
F = 12.220 
p < 0.001 

A < B 
p = 0.025 

A < C 
p < 0.001 

 

Hours of sleep were normally distributed with a skewness of -0.021 and a kurtosis of 0.930. Thus, 

a one-way ANOVA was conducted on the dream recall frequency and the hours of sleep, which 

revealed insignificance (F = 0.127; p = 0.881) (Table 4.16). In literature, evidence shows that, 

contrary to logic, insomniacs recalled dreams more than healthy people [81], which was not the 

case with the results in this study. 
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Table 4.16 Dream recall frequency and hours of sleep 

 Dream recall frequency  
 
Statistics 

( A ) 
Daily to weekly  
(n = 121) 

( B ) 
Monthly  
(n = 43) 

( C ) 
Yearly to none 
(n = 21) 

Hours of sleep 
(mean ± SD) 

7.01 ± 1.165 7.09 ± 1.192 6.95 ± 1.071 
F = 0.127 
p = 0.881 

 

A T-test between the pyrrole and non-pyrrole was conducted to test for differences between 

the hours of sleep between the two groups, and the outcome was shown to be insignificant (t = 

1.039; p = 0.300). It is noteworthy that neither age nor hours of sleep were investigated in 

pyrrole disorder before. 

4.5.1.1 Vitamin B6 

A Chi-square test was conducted to assess the effects of B6 on dream recall frequency. As 

described earlier in section 4.3.2, there were 46 participants in total that were taking B6, with 

five taking B6 only and the remaining possibly also taking Zn. The outcome did not result in 

significant difference between the recall frequencies (p = 0.691) as outlined in Table 4.17.  

Table 4.17 B6 and dream recall frequency  

 Taking supplements containing B6  
 
Statistics 

 Yes 
(n = 48) 

No 
(n = 115) 

Dream recall frequency 
  Daily to weekly  
  Monthly 
  Yearly to none 

 
31 (29.2%) 
13 (33.3%) 
4 (22.2%) 

 
75 (70.8%) 
26 (66.7%) 
14 (77.8%) 

 
 
χ2 = 0.738 
p = 0.691 

 

A study inspired by the work of Pfeiffer about B6 and dreams assessed B6’s relationship to dream 

salience [112]. The author assumed that the significant increase in dream salience observed was 

due to improved memory attributed to B6 [112]. Pfeiffer [40] hypothesised that the lack of 

dream recall was due to nocturnal underutilisation of B6, and the possibility that low B6 causes 

poor STM, leading to dream forgetfulness [3]. Anecdotally, B6 is known to increase dreaming 

[107, 108], however no significant relationship (p = 0.691) was seen between dream recall 

frequencies and B6, across the entire population. However, B6 was not controlled in this study, 

and of those participants taking B6, a variety of different B6 concentrations were used ranging 

from 400 mcg to 125 mg.  
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4.5.1.2  Confounders on dream recall frequency 

Medicines and alcohol were investigated for their effects on dream recall frequency using a Chi-

square test with the exclusion of all “uncertain” answers from the analyses. Sleeping medication, 

anxiety medication, antidepressants, melatonin and alcohol consumption were assessed. No 

significance was noted with any of the variables tested (Table 4.18). GABAergic agents such as 

alcohol and some sleeping medications [11, 66] did not present significant outcomes in this 

study on dream recall frequency with alcohol intake (p = 0.475) and sleeping medications (p = 

0.424). Contrasting reports of GABAergic agents have been linked to increased dream frequency, 

but in the form of nightmares [62], while another study has linked it with decreased REM-related 

nightmares [67]. Depression and anxiety medications, which can be SSRIs/ tricyclic 

antidepressants for depression or SSRIs/ benzodiazepines for anxiety [11], also exhibited no 

effects on dream recall frequency with depression (p = 0.338) or anxiety (p = 0.161). A study has 

shown that healthy individuals taking SSRIs were linked to reduction in dream frequency [65]. 

Other studies have shown that depressed individuals exhibited less dream recollection than 

healthy individuals [77], while major depressive disorder sufferers did not demonstrate dream 

recollection differences in comparison to healthy individuals [78].  

Finally, melatonin did not have significant effect on the dream recall frequency (p = 0.338), which 

follows previous evidence of no distinguishable effects on dreams’ content and frequency [69]. 
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Table 4.18 Medicines and dream recall frequency 

 Dream recall frequency  
Statistics Daily to weekly 

(n = 121) 
Monthly 
(n = 43) 

Yearly to none 
(n = 21) 

Alcohol 
consumption 
frequency 
  Daily 
  ~2-3 times a week 
  Weekly 
  Monthly 
  Never   

 
 
 
11 (68.8 %) 
27 (75.0%) 
17 (51.5%) 
37 (67.3%) 
29 (64.4%) 

 
 
 
5 (31.2%) 
6 (16.7%) 
11 (33.3%) 
12 (21.8%) 
9 (20.0%) 

 
 
 
0 (0%) 
3 (8.3%) 
5 (15.2%) 
6 (10.9%) 
7 (15.6%) 

 
 
χ2 = 7.587 
p = 0.475 

Currently taking 
sleeping 
medication 
  Yes 
  No 

 
 
 
5 (50%) 
114 (66.3%) 

 
 
 
4 (40%) 
38 (22.1%) 

 
 
 
1 (10%) 
20 (11.6%) 

 
 
 
χ2 = 1.718 
p = 0.424 

Currently taking 
anxiety 
medication 
  Yes 
  No 

 
 
 
18 (72%) 
102 (65.0%) 

 
 
 
7 (28%) 
35 (22.3%) 

 
 
 
0 (0%) 
20 (12.7%) 

 
 
 
χ2 = 3.651 
p = 0.161 

Currently taking 
antidepressants 
  Yes 
  No 

 
 
21 (72.4%) 
100 (64.5%) 

 
 
7 (24.1%) 
35 (22.6%) 

 
 
1 (3.4%) 
20 (12.9%) 

 
 
χ2 = 2.171 
p = 0.338 

Currently taking 
melatonin 
  Yes 
  No 

 
 
4 (57.1%) 
116 (65.9%) 

 
 
1 (14.3%) 
41 (23.3%) 

 
 
2 (28.6%) 
19 (10.8%) 

 
 
χ2 = 2.171 
p = 0.338 

 

4.5.2 Exclusive nightmare recollection  

The exclusive recollection of nightmares only when dreaming was tested in a Chi-square analysis 

with the pyrrole status (Table 4.19). A highly significant difference was shown between the 

pyrrole and non-pyrrole participants, as 16 of 44 (36.4%) pyrrole participants recalled 

nightmares only compared to 13 of 141 (9.2%) of the non-pyrrole participants (p < 0.001). The 

majority of the non-pyrrole participants (128 of 141, 90.8%) answered “no” to recalling 

nightmares only. This finding has consolidated the concept of exclusive recall of nightmares 

when remembering a dream to be a diagnostic symptom of pyrrole disorder [5, 83]. It has also 

been shown that those with mental health conditions tend to experience more nightmares than 

heathy individuals [49].  
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Table 4.19 Pyrrole status and exclusive nightmare recall 

 Pyrrole status  
Statistics 

 Pyrrole 
(n = 44) 

Non-pyrrole 
(n = 141) 

Recall nightmares 
exclusively 
  Yes 
  No 

 
16 (55.2%) 
28 (17.9%) 

 
13 (44.8%) 
128 (82.1%) 

 
χ2 = 18.692 
p < 0.001 

 

Gender was tested through use of a Chi-square test to assess effects of gender on the exclusive 

recall of nightmares (Table 4.20). Gender demonstrated a significant effect on nightmare recall 

(p = 0.005) as females (26 of 124, 21%) remembered nightmares exclusively more than males (3 

of 61, 4.9%). This significance could be, similar to dream recall, due to the trend of females being 

able to recall more dreams [51, 72], as nightmares are a type of dream [49].  

This significant effect may also be explained when considering the differences in demographics 

between the pyrrole and non-pyrrole groups shown in Table 4.10 in section 4.4. There was a 

significantly higher number of females in the pyrrole group (79.5%) compared to the non-pyrrole 

group (63.1%), which may have led to the significant result seen for the entire population.  

Table 4.20 Exclusive nightmare recall and gender 

 Recall nightmares exclusively   
Statistics  Male 

(n = 61) 
Female 
(n = 124) 

Gender  
  Yes  
  No 

 
3 (10.3%) 
58 (37.2%) 

 
26 (89.7%) 
98 (62.8%) 

 
χ2 = 7.968 
p = 0.005 

 

Age, on the other hand, did not show significant effects on exclusive nightmare recall (p = 0.642) 

(Table 4.21). 

 

Table 4.21 Exclusive nightmare recall and age 

 Recall nightmares exclusively   
Statistics  Yes  

(n = 29) 
No 
 (n = 156) 

Age (mean ± SD) yrs 39.03 ± 14.047 37.756 ± 13.486 
t = -0.466 
p = 0.642 
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4.5.2.1 Vitamin B6 

A Chi-square test was conducted to assess the effects of B6 on exclusive nightmare recall when 

remembering dreaming. Of the 46 participants that were taking B6, only five were taking B6 

only, where the remaining participants may have also been taking Zn, as described in section 

4.3.2. The outcome did not result in a significant difference between those recalling 

nightmares only and those who did not (p = 0528) as outlined in Table 4.22. 

Table 4.22 B6 and the recall of nightmares only 

 Taking supplements containing B6  
Statistics  Yes 

(n = 48) 
No 
(n = 115) 

Nightmare recall only 
  Yes  
  No 

 
9 (34.6%) 
39 (28.5%) 

 
17 (65.4%) 
98 (71.5%) 

 
χ2 = 0.398 
p = 0.528 

 

4.5.2.2 Confounders on exclusive nightmare recollection 

A Chi-square test was used to assess the effects of medicines and alcohol on the recall of 

nightmares only. Cells of expected cell counts ≤ 5 were tested through Fisher’s exact test. Those 

answering “uncertain” to some questions were excluded from the analyses.  

A statistical significance was reported for exclusive nightmare recollection and those taking 

sleeping medications (p = 0.009). Of those participants that were certain that they were taking 

sleeping medication, five of the 28 (17.9%) participants recalling nightmares only were taking 

sleeping medication compared to five of the 149 (3.2%) participants that answered “no” to 

recalling nightmares only. Table 4.23 outlines variables tested for significance in regards to 

exclusive nightmare recall.  
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Table 4.23 Effects of medicine and alcohol on nightmare recollection  

 Nightmare only recall  
Statistics Yes 

(n = 29) 
No 
(n = 156) 

Alcohol consumption 
frequency 
  Daily 
  ~2-3 times a week 
  Weekly 
  Monthly 
  Never   

 
 
2 (12.5%) 
7 (19.4%) 
5 (15.2%) 
4 (7.3%) 
11 (24.4%) 

 
 
14 (87.5%) 
29 (80.6%) 
28 (84.8%) 
51 (92.7%) 
34 (75.6%) 

 
χ2 = 6.071 
p = 0.194 

Currently taking 
sleeping medication 
  Yes 
  No 

 
 
5 (50.0%) 
23 (13.4%) 

 
 
5 (50.0%) 
149 (86.6%) 

 
 
Fisher’s exact test 
p = 0.009 

Currently taking anxiety 
medication 
  Yes 
  No 

 
 
4 (16%) 
24 (15.3%) 

 
 
21 (84%) 
133 (84.7%) 

 
 
Fisher’s exact test 
p = 1.000 

Currently taking 
antidepressants 
  Yes 
  No 

 
 
7 (24.1%) 
22 (14.2%) 

 
 
22 (75.9%) 
133 (85.8%) 

 
 
Fisher’s exact test 
p = 0.176 

Currently taking 
melatonin 
  Yes 
  No 

 
 
2 (28.6%) 
27 (15.3%) 

 
 
 
5 (71.4%) 
149 (84.7%) 
 

 
 
Fisher’s exact test 
p = 0.307 

 

4.5.3 Sleep 

A T-test was conducted on the pyrrole status groups and the number of hours of sleep reported 

by the participants, with no statistical significance resulting from the analysis (t = 1.039; p = 

0.300).  

However, in a Chi-square analysis investigating any differences between pyrrole groups in terms 

of difficulty in falling or staying asleep (Table 4.24), the majority of the pyrrole group (26 of 44, 

59.1%) reported difficulty in falling asleep compared to only 42 of 141 (29.8%) non-pyrrole 

participants experiencing difficulty in falling asleep (p < 0.001). Most of the participants in the 

pyrrole group also expressed difficulties in staying asleep (29 of 44, 65.9%), while the majority 

of the participants in the non-pyrrole group (91 of 141, 64.5%) did not express difficulties staying 

asleep (p < 0.001). 
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Table 4.24 Pyrrole status and sleep issues 

 Pyrrole status 
 
Statistics 

Pyrrole 
(n = 44) 

Non-pyrrole  
(n = 141) 

Difficulty falling 
asleep 
  Yes 
  No 

 
 
26 (38.2%) 
18 (15.4%) 

 
 
42 (61.8%) 
99 (84.6%) 

 
 
χ2 = 12.388 
p < 0.001 

Difficulty staying 
asleep 
  Yes 
  No 

 
 
29 (36.7%) 
15 (14.2%) 

 
 
50 (63.3%) 
91 (85.8%) 

 
 
χ2 = 12.707 
p < 0.001 

 

These results may be due to the mental state of the pyrrole group and the medications being 

taken by them in addition to the symptoms of the cluster  

Table 1.1 relating to mental health and poor stress control. Indeed, stress and overthinking were 

the main reasons reported by those having difficulty falling asleep in the study and the same 

reasons are reported by those experiencing difficulties staying asleep (Figure 4.17 and Figure 

4.18). 

Across the total population (n = 185), 78 (42.1%) of the total participants reported neither 

difficulties in staying nor falling asleep, indicating no issues in the quality of sleep. Thirty-nine 

(21.1%) reported difficulties only in staying asleep, while 40 (21.6%) reported difficulties falling 

and remaining asleep. Finally, 28 (15.1%) participants reporting difficulties falling asleep only 

with no issues remaining asleep.  

 

 

 

 

 

 

 

 

Figure 4.17 Reasons attributing to issues preventing participants from falling 
asleep 

 

Other, 21, 20%

Overthinking, 
51, 49%

Stress, 28, 27%

Shift worker, 2, 
2%

Infant crying at 
night, 2, 2%
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Figure 4.18 Reasons attributing to issues preventing participants from 
remaining asleep  

 

Participants were given the option to type any other reasons that were not included in the list 

of options shown in Figure 4.17 and Figure 4.18, in order to capture any other reasons for 

struggling to fall or stay asleep. Some answers included medical conditions such as restless leg 

syndrome, lifelong insomnia and bursitis pain, while other answers included descriptions such 

as needing to go to the toilet or disturbances by pets, thus showing very varied causes for the 

sleep disturbances. 

Participants’ stress levels, in the month prior to the clinic visit, showed no statistical significance 

when tested through one-way ANOVA with the hours of sleep (F = 0.430; p = 0.787). This means 

that the previously reported stress causing wakefulness of the participants did not have effects 

on the hours of sleep they reported.  

4.5.3.1 Vitamin B6 

Table 4.25 shows the analysis of supplemental B6 status and the hours of sleep. Vitamin B6 

supplementation demonstrated no influence on the average number of hours slept (p = 0.873). 

A recent study has demonstrated that women experiencing poor quality of sleep consumed less 

B6 content and vegetables than those with good sleep quality [182], however this was not the 

case in this analysis.  

 

 

Other, 30, 
25%

Overthinking, 
55, 45%

Stress, 31, 
26%

Shift worker, 
1, 1%

Infant crying 
at night, 4, 

3%
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Table 4.25 B6 supplementation and hours of sleep 

 Taking supplements containing B6  
Statistics  Yes 

 (n = 48) 
No 
 (n = 115) 

Hours of sleep  
(mean ± SD) 

7.02 ± 1.04 7.05 ± 1.176 
t = -0.160 
p = 0.873 

 

4.5.3.2 Confounders on sleep 

T-tests and one-way ANOVA analyses were used to assess the effects of medicines and alcohol 

on the number of hours of sleep reported by the participants (Table 4.26). Sample size numbers 

lower than 185 in some groups were due to the exclusion of “uncertain” answers. 

Table 4.26 Effects of medicine and alcohol on hours of sleep 

 Hours of sleep 
(mean ± SD) 

Statistics 

Alcohol consumption 
frequency 
  Daily (n = 16) 
  ~2-3 times a week (n = 36) 
  Weekly (n = 33) 
  Monthly (n = 55) 
  Never (n = 45) 

 
 
7.63 ± 1.310 
6.89 ± 1.237 
7.09 ± 1.10 
6.93 ± 1.23 
6.98 ± 0.941 

 
 
F = 1.356 
p = 0.251 

Currently taking sleeping 
medication 
  Yes (n = 10) 
  No (n = 172) 

 
 
6.30 ± 1.829 
7.06 ± 1.106 

 
 
t = 2.020 
p = 0.045 

Currently taking anxiety 
medication 
  Yes (n = 25) 
  No (n = 157) 

 
 
7.04 ± 1.719 
7.03 ± 1.044 

 
 
t = -0.041 
p = 0.968 

Currently taking 
antidepressants 
  Yes (n = 29) 
  No (n = 155) 

 
 
6.86 ± 1.726 
7.05 ± 1.021 

 
t = 0.553 
p = 0.584 

Currently taking melatonin 
  Yes (n = 7) 
  No (n = 176) 

 
5.43 ± 1.272 
7.08 ± 1.113 

 
t = 3.829 
p < 0.001 
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Alcohol consumption frequency demonstrated insignificance on the number of hours of sleep 

participants reported (p = 0.251). The results did not match the literature of the positive 

correlation between increased hours of sleep and weekly alcohol consumption [183].  

Significance was demonstrated in the number of hours slept and taking sleeping medication (p 

= 0.045) or melatonin (p < 0.001). There were only a small number of participants taking sleeping 

medication (n = 10, 5.4%) or melatonin (n = 7, 3.8%). The ten participants taking sleeping 

medication reported sleeping for less hours (6.3 hours) compared to the 172 participants who 

reported sleeping for 7.06 hours. Likewise, the seven participants taking melatonin reported 

sleeping for less hours (5.4 hours) compared to those not taking melatonin (7.08 hours).   

Sleep inducing medications, such as the benzodiazepines, have been reported to increase sleep 

continuity in the literature [184] and thus increase the number of sleep hours, which was not 

the case in the analysis. Melatonin, on the other hand, has not demonstrated evidence in the 

literature in being beneficial in improving sleep latency or secondary sleep disorders [185], thus, 

supporting the outcome of the analysis.  

Surprisingly the hours of sleep were not affected by mediations for anxiety (p = 0.968) and 

depression (p = 0.584), despite these drugs being associated with the common (>1/100) [11] 

side effect of insomnia [186].  

4.6  Short-term memory 

As previously outlined in Figure 4.1 in section 4.1, nine participants were excluded when 

assessing DST, due to technical issues encountered with the software leading to failure to record 

the results of the DST conducted. Other memory parameters such as “self-perception” of STM 

have not been excluded as the only data lost were from DST scores.  

The DST scores were found to be normally distributed as shown in Table 4.27 and in the 

histogram in Figure 4.19. Parametric inferential statistics will, therefore, be implemented for 

DST scores. 

Table 4.27 Normality of DST scores 

 

 

 Mean ± SD Skewness Kurtosis 

DST score 7.68 ± 1.50 0.229 1.179 
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Figure 4.19 Histogram of digit span test score 

The DST assesses the ability to hold a sequence of numbers in memory. The mean and SD of the 

number of digits that were remembered by the participants in the DST for the entire population 

was 7.68 ± 1.50. This result was expected, as per the literature relating to STM, where individuals 

are able to recall an average of 7 ± 2 items [87, 92].  

A T-test was used to test for any difference in DST scores and pyrrole status. Participants in the 

pyrrole group were found to have a significantly lower DST score, with a mean and SD of 7.20 ± 

1.34 digits, while the non-pyrrole participants had a mean score and SD of 7.82 ± 1.52 digits (p 

= 0.022) (Table 4.28). This was an exciting finding, since poor STM is used in clinical practice, 

despite being anecdotal [40, 83], as a diagnostic indicator for pyrrole disorder. The results from 

this study have proved the link to poorer STM for pyrrole participants. 

Table 4.28 Pyrrole status and DST scores 

 Pyrrole status 
 
Statistics 

Pyrrole  
(n = 40) 

Non-pyrrole  
(n = 136) 

DST score (mean ± SD) 7.20 ± 1.34 7.82 ± 1.52 
t = 2.310 
p = 0.022 
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Gender was assessed via a T-test to identify possible gender effects on DST scores. No significant 

difference was shown between males and females and DST scores (Table 4.29). 

Table 4.29 Gender and DST scores 

 Gender 
 
Statistics 

Male  
(n = 58) 

Female  
(n = 118) 

DST score (mean ± SD) 7.67 ± 1.64 7.68 ± 1.44 
t = - 0.023 
p = 0.982 

 

As mentioned previously in section 4.4, a significant difference was shown for gender between 

pyrrole and non-pyrrole participants (Table 4.10), with a significantly higher number of females 

in the pyrrole group (79.5%) compared to the non-pyrrole group (63.1%). Since there is no 

significant difference in DST scores across the entire population for gender, the results for the 

DST scores are unlikely to be affected by differences in gender between the pyrrole and non-

pyrrole groups. 

A linear regression was conducted to assess the effects of age on DST scores (Table 4.30). One 

hundred seventy-six participants ranging from 18 to 75 years old were included in the analysis.  

Table 4.30 Regression analyses for age and DST scores  

 

DST score  

Regression coefficient 
(95% CI) 

Correlation coefficient 
(R) 

p value 

Age  -0.2 (-0.36 – (-0.4)) - 0.182 p = 0.016 

 

There was a significant linear relationship between age and DST score with a regression 

coefficient of - 0.02 (95% CI: - 0.36 - (-0.4)) with a significance value of p = 0.016, R2 of 3.31% 

suggesting that 3.31% of the variance in DST score was explained by age. This follows findings 

by Grégoire et al. [187] where age was a possible predictor of 3% of the variance in forward DST, 

with very high significance (p < 0.001) in their study. As described previously in section 4.4 (Table 

4.10), the pyrrole group was significantly older (p = 0.024), with a mean age of 42 years, than 

participants in the non-pyrrole group who had a mean age of 37 years. This difference in age is 

unlikely to be the cause of the significant difference in DST score between the pyrrole status 

groups, as a significant difference in DST performance has only been reported for older adults 

above 65 years of age [187]. 
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4.6.1.1 The link between short-term memory and dream recall frequency  

A one-way ANOVA was conducted to assess the relationship between the DST scores and dream 

recall frequency (Table 4.31). Participants who recalled dreams daily to weekly scored 

significantly higher on the DST than those recalling dreams yearly or never (p = 0.004). A further 

post-hoc analysis revealed that frequent dream recallers (“daily to weekly” recall) scored higher 

on DST than the those recalling yearly or never (p = 0.006).  

Table 4.31 Dream recall frequency in comparing the DST scores 

 Dream recall frequency  
 
Statistics 

 
 
Post-hoc 

( A ) 
Daily to weekly  
(n = 116) 

( B ) 
Monthly  
(n = 40) 

( C ) 
Yearly to none  
(n = 21) 

DST score 
(mean ± SD) 

 
7.91 ±1.49 

 
7.43 ± 1.36 

 
6.80 ± 1.51 

 
F = 5.709 
p = 0.004 

 
A > C 
P = 0.006 

 

The lower DST score by those recalling less frequently implies the possibility of poor STM leading 

to poor dream recollection [94]. Therefore, the outcome provided an interesting finding 

demonstrating that poor STM corresponded to less dream recall in this study, as per Pfeiffer’s 

hypothesis of poor STM leading to forgetfulness of dreaming in pyrrole disorder [3]. 

4.6.1.2 The link between short-term memory and exclusive nightmare recall 

The possible symptom of recalling nightmares only in pyrrole disorder was tested to determine 

whether participants recalling nightmares exclusively had differences in their DST scores. 

Insignificant differences (t = 1.337; p = 0.183) in DST were observed between those recalling 

nightmares exclusively when dreaming and the other participants.  

4.6.1.3 Short-term memory and self-perception of memory 

Participants’ self-perception of their STM was determined by asking them to rate their STM 

ability on a scale of one to ten, with ten being the highest and one being the lowest. The score 

was split into two groups of “poor STM” being a score of ≤ 5 and “normal STM” being a score in 

the range of 6-10. The “poor STM” classification was also considered as one point in the pyrrole 

symptom cluster that was used to classify groups into pyrrole and non-pyrrole (Table 4.9). When 

assessing the participants’ STM self-perception in the previous classification and the DST scores, 

participants with the poor STM perception had a lower mean and SD of 7.41 ± 1.26 digits in 

comparison to those considered normal with a mean and SD of 7.85 ± 1.62 digits (p = 0.055) 

(Table 4.32). 
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Table 4.32 Self-perception of STM and DST 

 DST score Statistics 

STM self-perception 
  Poor (n = 69) 
  Normal (n = 107) 

 
7.41 ± 1.26 
7.85 ± 1.62 

 
t = 1.933 
p = 0.055 

 

This above result supports the use of the classification of STM self-perception in the grouping 

into the pyrrole or non-pyrrole group as the perception demonstrated, to some extent, an 

association with DST performance.  

4.6.1.4 Vitamin B6 

A T-test was conducted to assess the effects of B6 intake on DST scores. B6 cases included those 

participants taking B6 (n = 43) of which five were only taking B6, with the remaining 38 

participants possibly also taking Zn. No significant difference (p = 0.678) was observed in DST 

scores for those participant taking B6 and those who were not taking B6 (Table 4.33).  

Table 4.33 B6 and DST scores 

 Currently taking B6  
Statistics  Yes  

(n = 43) 
No  
(n = 112) 

DST score 
(mean ± SD) 

7.63 ± 1.45 7.74 ± 1.54 
t = 0.416 
p = 0.678 

 

One anecdotal hypothesis of Pfeiffer [40] was that the lack of recall is due to nocturnal 

underutilisation of B6, and the possibility that low B6 causes poor short term memory, leading 

to forgetting dreaming [3]. The outcome from this study has shown that B6 had no significant 

effects on DST, however B6 was not controlled in this study, and of those participants taking B6, 

a variety of different B6 concentrations were used ranging from 400 mcg to 125 mg. 

4.6.1.5 Confounders on short-term memory 

T-tests and one-way ANOVA analyses were used to assess the effects of medicines and alcohol 

on DST scores achieved by the participants. The analyses did not reveal any significant results 

(Table 4.34). Alcohol intoxication was reported to cause a reduction of the score in a multimodal 

memory assessment [188], however it was assumed from the clinical notes that the participants 

were sober on the day of the clinic visit. 
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Table 4.34 Effects of medicine and alcohol on DST score  

 DST score 
mean ± SD 

Statistics 

Alcohol consumption 
frequency 
  Daily (n = 16) 
  ~2-3 times a week (n = 36) 
  Weekly (n = 32) 
  Monthly (n = 52) 
  Never (n = 40) 

 
 
7.38 ± 1.26 
8.00 ± 1.22 
7.47 ± 1.83 
7.62 ± 1.29 
7.75 ± 1.78 

 
 
F = 0.774 
p = 0.544 

Currently taking sleeping 
medication 
  Yes (n = 9) 
  No (n = 164) 

 
 
7.11 ± 1.69 
7.70 ± 1.48 

 
 
t = 1.142 
p = 0.255 

Currently taking anxiety 
medication 
  Yes (n = 25) 
  No (n = 148) 

 
 
7.48 ± 1.66 
7.72 ± 1.48 

 
 
t = 0.784 
p = 0.455 

Currently taking 
antidepressants 
  Yes (n = 27) 
  No (n = 148) 

 
 
7.78 ± 1.34 
7.68 ± 1.52 

 
 
t = - 0. 326 
p = 0.745 

Currently taking melatonin 
  Yes (n = 6)  
  No (n = 168) 

 
8.33 ± 1.21 
7.65 ± 1.51 

 
t = - 1.095 
p = 0.275 

Stress in past 24 hrs 
  All of the time (n = 8) 
  Most of the time (n = 32) 
  Some of the time (n = 53) 
  A little of the time (n = 68) 
  None of the time (n = 15) 

 
7.13 ± 1.13 
7.56 ± 1.50 
7.47 ± 1.83 
7.96 ± 1.26 
7.67 ± 1.35 

 
 
F = 1.155 
p = 0.332 
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5 Discussion  

The pilot study concluded with 185 participants completing the study and captured a broad 

demographic of participants across different gender, age, ethnic and occupational backgrounds. 

The large number of participants recruited over the short study period demonstrated excellent 

study procedures, and was made possible through the use of advanced technology and 

communication tools. Two thirds of the participants were females (n = 124), an expected result 

as females tend to seek health care from specialists more than males [141]. Participants in the 

study ranged from 18 to 75 years of age with a mean age of 38 years and were from different 

ethnic backgrounds, further validating the pilot sample in being a reasonable representation of 

the local population. Additionally, the participants were from different occupational and 

educational backgrounds, thus establishing a required wide variety of stressors and life 

situations in the assessment of pyrrole status. The study was conducted by multiple researchers 

with extensive testing of assessment tools, in collaboration with an external panel of experts, 

and multiple simulations prior to the initiation of the study. The reliability of the results, 

especially the novel questionnaire for assessing pyrrole disorder, is evident through the 

significant internal-validity demonstrated with Cronbach’s alpha values ranging between 0.80 – 

0.93, demonstrating a good to excellent internal reliability of the survey tool. 

Dream recall frequency, exclusive nightmare recall, and DST scores were investigated 

extensively for confounders, relationships, or other possible associations. Data were split based 

on a pyrrole cluster score into pyrrole and non-pyrrole participants for the analysis of results. 

Significant results were observed with pyrrole participants recalling fewer dreams (p = 0.046), 

only recalling nightmares when dreaming (p < 0.001), and having poorer STM (p = 0.022). 

Therefore, the study has addressed the objectives of the study by showing that those suffering 

from pyrrole disorder recall little to no dreams, recall nightmares exclusively when dreaming, 

and have poor STM. Lastly, since B6 is not the only treatment used for pyrrole disorder but in 

combination with Zn, the combination provided more control over urinary on HPL levels with 

lower median and maximum HPL values, and no elevated outliers (p = 0.080). An additional 

interesting finding of the study was that HPL was representative of elevated stress. This was 

seen as HPL levels were elevated in non-referred participants of the population who were high 

functioning individuals. This in line with the literature referring to HPL as a marker of oxidative 

stress [5, 7]. 

This study was the first of its kind in assessing pyrrole disorder that included healthy participants. 

Different aspects of the disorder were investigated by two other researchers utilising different 
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parts of the survey, namely the origins of HPL and Zn related effects, in order to unravel the 

mystery of pyrrole disorder. 

5.1 Assessment of pyrrole status 

The cluster of symptoms, signs and traits were used to separate the participants into pyrrole (6 

to 12 symptoms) and non-pyrrole (less than 6 symptoms) groups. Since the literature has not 

specified which symptoms are the most identifying of pyrrole disorder, the use of one point per 

each pyrrole symptom was utilised when calculating the pyrrole score. Pyrrole status was a 

better representation of the history of pyrrole disorder through the symptom cluster scoring, as 

the symptoms represent a history of being pyrrole unlike HPL, which is known to fluctuate daily 

[7] and may change with stressors or being on the treatment for pyrrole disorder, namely 

supplementation with B6 and Zn [5, 38]. 

5.2 Dream recall 

Dream recall was assessed using a novel tool specific for pyrrole disorder assessment due to the 

concerns over and under-estimation with dream assessment methods currently implemented 

in the field [70, 86]. The dream recall frequency was analysed on a 3-item Likert scale with two 

options relating to a graded ability of easily remembering dreaming and an answer reflecting 

rare recollection including once or twice per year or not ever remembering dreaming. This was 

implemented as per literature suggestion of pyrrole patients having little to no dream 

recollection [5, 7]. The results achieved significance when compared in a Chi-square analysis (p 

= 0.046). This is in line with the reports in literature of low dream recall frequency in pyrrole 

patients [5, 7]. The first objective was achieved with a significant relationship seen between 

dream recall frequency and pyrrole status, with less dream recall frequency corresponding to 

those in the pyrrole group. 

Interestingly, a study inspired by the work of Pfeiffer about B6 and dreams assessed B6’s 

relationship to dream salience [112]. The author assumed that the significant increase in dream 

salience observed was due to improved memory attributed to B6 [112]. Pfeiffer [40] 

hypothesised that the lack of dream recall was due to nocturnal underutilisation of B6, and the 

possibility that low B6 causes poor STM, leading to dream forgetfulness [3]. Anecdotally, B6 is 

known to increase dreaming [107, 108], however no significant relationship (p = 0.691) was seen 

between dream recall frequencies and B6, across the entire population. However, B6 was not 

controlled in this study, and of those participants taking B6, a variety of different B6 

concentrations were used ranging from 400 mcg to 125 mg.  
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5.3 Nightmares 

The recall of nightmares only when dreaming demonstrated a very highly significant outcome 

between the pyrrole and non-pyrrole participants (p < 0.001). Most of the participants that 

answered to only recalling nightmares when dreaming were in the pyrrole group. In contrast, 

the majority of the non-pyrrole participants’ dreams were not exclusively nightmares. The 

evidence in the literature did, in fact, state the exclusive nightmare recall in pyrrole patients if 

they remembered dreaming [5, 83]. Additionally, mental health condition sufferers tend to 

experience more nightmares than the heathy individuals [49]. Therefore, the second objective 

of exploring the relationship between nightmares and pyrrole disorder resulted in the 

observation of a significant association of pyrrole participants recalling nightmares only when 

remembering dreaming. 

While the current practice in treating pyrrole disorder assumes that when pyrrole patients start 

having extremely violent dreams that the dose of B6 should be reduced, vitamin B6 intake did 

not show any relationship with exclusive nightmare recollection across the entire population in 

the study (p = 0.528). A relationship was not expected between B6 and nightmares since violent 

dreams comprise only one type of nightmare, defined as a dream that triggers emotions of 

scariness, fear, and a fight or flight like sympathetic body response [49]. 

5.4 Short-term memory 

Short-term memory was assessed via a visual DST, in avoidance of possible hearing difficulties 

or accent unfamiliarity by the participants. The average score recorded across the entire study 

population was 7.68 ± 1.502 (n = 176). This result was expected, as per the literature which 

suggests that normal STM is the ability to recall on average 7 ± 2 items [87, 92]. DST results 

demonstrated a significant difference between the pyrrole and the non-pyrrole participants. 

Pyrrole participants had a significantly lower DST score than the non-pyrrole group (p = 0.016). 

This finding is in line with clinical practice despite being anecdotal [40, 83], where poor STM is 

one of the diagnostic symptoms of patients with pyrrole disorder. A significant association was 

observed between STM and the frequency of dream recall (p = 0.019). Those not recalling 

dreams or only recalling dreams yearly, had significantly lower DST scores than those recalling 

dreams “daily to weekly” (p = 0.043). This outcome supports the reports of high dream recallers 

scoring higher on DST than low dream recallers and, consequently, the possibility of poor STM 

leading to poor dream recall [94]. This also follows Pfeiffer’s hypothesis of poor STM leading to 

forgetfulness of dreaming in pyrrole disorder [3]. The third objective of the study aimed at 

assessing STM performance in pyrrole disorder, and results have shown significantly poorer STM 

for the pyrrole group, as per the hypotheses in literature [3, 5, 7]. 
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Vitamin B6 intake did not show significance with DST performance (p = 0.678). Some previous 

evidence of B6, given as 20 mg pyridoxine HCl for 3 months, demonstrated a significant, but 

modest effect on the long term memory in elderly men in comparison to placebo [114]. In 

another study in women, B6 caused few general improvements in cognitive performance being 

somewhat related to memory [113]. Regardless, no evidence stating exactly the effects of B6 on 

STM can be identified in literature and the outcome of this study does not show any association.  

5.5 Limitations 

The study only assessed non-institutionalised patients thereby possibly leading to exclusion of 

severe cases. As one of the study sites was at a university, a number of participants were 

shown to be high functioning, which was reflected in the higher than expected HPL values. The 

reporting of supplements taken by participants was not always clear, with lack of certainty of 

the dose or the specific brand of the products used. Due to time constraints, precise, detailed 

collection of dietary and supplemental intake of B6 was not possible in this study.  

6 Conclusion  

Chronic health conditions, of which mental health conditions are predominant, are ever 

increasing leading to more chronic use of medications. As many of those medicines are 

associated with severe adverse effects, the principle of precision and tailored medicine with a 

holistic approach is of high importance in managing these conditions. This pilot study explored 

a controversial condition that has lacked thorough clinical investigation due to the early 

misidentification of HPL and the mystery behind its origins. The study investigated key 

symptoms, signs, and traits of the condition, including little to no dream recall, the recall of 

nightmares exclusively, and poor STM. The objectives of this thesis were achieved through the 

use of a novel questionnaire and digital DST. Pyrrole participants had significantly less dream 

recall, recalled nightmares only when dreaming, and had poor STM based on DST scores. B6 did 

not control HPL values on its own, however, B6 is not used on its own in practice for the 

treatment of pyrrole disorder but in combination with Zn. The combination of B6 and Zn did 

demonstrate control on HPL values with lower median, maximum, and the elimination of 

elevated outliers in comparison to those participants on no supplements. The implementation 

of HPL readings with emphasis on a holistic approach of assessing each symptom in the pyrrole 

cluster should be implemented in the diagnosis of patients with pyrrole disorder. The study, 

therefore, supports anecdotal evidence for this condition and paves the way for a new approach 

in treating mental health conditions with more favourable risk-benefit ratio therapies. 

Important implications for future practice and research are highlighted below. 
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6.1 Future directions 

6.1.1 Implications for research 

Future studies can incorporate stricter inclusion criteria to ascertain further control of the 

participant pool. Such restriction could be a pyrrole cluster-based scoring system via either the 

researchers or the referring health practitioners. Case control studies or diagnostic accuracy 

studies should be conducted according to appropriate guidelines such as STROBE [189] or STARD 

[190]. Consideration should be given to other biochemical imbalances that could interfere, for 

example, elevated copper can result in depressed Zn and Zn deficiency symptoms. Diet and 

supplementation status must be tightly managed with methods such as logbooks for meals or 

prescribed diet, and supplements including frequency and product name including energy drinks 

consumption should be recorded. Since B6 and Zn result in lower HPL levels, a washout for all 

participants prior to enrolling in a trial would be preferable, however, ethical considerations 

must be regarded as to not deprive patients of the treatment.  

6.1.2 Implications for practice 

The outcome from this study has demonstrated that HPL values should not be considered as the 

primary indicator of pyrrole status. Since HPL fluctuates daily and is elevated under conditions 

of increased stress, patient history, and the unique cluster of symptoms, signs and traits are 

important considerations in the diagnosis of pyrrole disorder. This is of particular importance 

when treating high functioning individuals or those participating in competitive sports. 
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