Abstract
[bookmark: _GoBack]Two studies explored the differences in tastant (salt, sour, bitter, sweet and spicy) concentration preference between recreational drug users and abstainers. In study 1, 250 opportunistically recruited abstainers, cannabis only users and multiple-drug users completed psychometric questionnaires and a concentration preference tastant test. In study 2, 76 participants purposefully recruited abstainers, daily tobacco users, recreational cannabis users and daily cannabis users completed the same protocol as study 1. Study 1 demonstrated that both multiple drug users and cannabis users had a higher preference for salt and sour tastants than abstainers. Study 2 showed that daily cannabis and tobacco users had a higher preference for sweet and spicy tastants than recreational cannabis users and abstainers. As predicted, recreational drug users scored higher on both sensation-seeking and impulsivity compared to abstainers. Participants who habitually smoke tobacco or cannabis daily have different concentration preference for specific tastants. The aim of the current study was to provide an explanation for the inconsistency in published results on taste preferences in recreational drug users. The data offered in this paper indicate that variation in recruitment strategy, definition of ‘drug users’, and mode of drug delivery, as well as multiple drug use, may explain the preference for stronger tastants in habitual drug users. Future research exploring the psychobiological underpinnings of the impact of drug use on food preferences should carefully define recreational drug user groups. 
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Introduction
A number of studies have demonstrated that taking recreational drugs, particularly those that activate the opioid and endocannabinoid systems, affects appetite regulation (Kirkham, 2009; Tallett et al., 2008; Yeomans, 1998). Many studies have reported that the use of recreational drugs, usually cannabis, resulted in a higher appreciation for, or uncontrolled cravings to consume, foods (Abel, 1971; Green et al., 2003; Mattes et al., 1994; Nail et al., 1974). One explanation for this has been that cannabis alters users’ perceptions of sweet tastants (Cooper, 2004; Jager & Witkamp, 2014; Tart, 1970); although both preferences for higher sour and bitter tastants have also been associated in the use of other recreational drugs (Mata, 1963; Spitzer, 1988). Moreover, at least one study has reported null findings in regards to the effects of recreational drugs on taste perception (Mattes et al., 1994). A prevailing view within the literature suggests that recreational drugs, such as cannabis, increase appetite through non-taste-related mechanisms (Jager & Witkamp, 2014). The mechanisms that have been implicated are olfactory processing (Soria-Gómez et al., 2014), reward (specifically ‘liking’ processing e.g. Mahler et al., 2007), and attention and memory (Mattes et al., 1994). 
Unlike animal models, human participants’ drug use cannot always be precisely controlled. Individuals often use multiple recreational drugs sequentially and concurrently, making multiple drug use the norm rather than the exception (DuRant et al., 1993; Jones & Heaven, 1998; Suris et al., 2007), but this is rarely accounted for. Therefore, on the basis of current evidence it is difficult to disentangle the potential effects of individual recreational drugs on appetite or taste perception. Moreover, laboratory designed studies examining the impact of recreational drug use on taste perception have operated on a paradigm of administering the drug in question and then performing a taste test (e.g. Foltin et al., 1986; 1988; Mattes et al., 1994; Mata, 1963). This administration paradigm does not assess the effects of long-term habitual use of the drug and therefore tolerance, dosage and participants’ weight are not considered. Differences in taste perception observed with this method could be explained by variation within the participant's habitual use, lifestyle or level of intoxication rather than by drug use directly.  
Personality characteristics that predict drug taking, such as sensation-seeking, could also provide an explanation of the differences in taste perception reported. The interaction between personality and drug use has been consistently shown (Cloninger et al., 1988; Conner et al., 2010; Deas & Thomas, 2002), with impulsivity frequently being identified as a key determinant (Allen et al., 1998; Hayaki et al., 2005). Consistent with the neophilic characteristics of impulsiveness, people with comparatively high levels of this personality attribute have been shown to have difficulties with healthy food choices (Kakoschke et al., 2015) and have a higher preference for sweeter tastants (Saliba et al., 2009). Interactions between personality and drug use on taste preference must be considered in order to uncover the specific impact of habitual use of a recreational drug on taste perception. 
The four aims of the current study were to assess 1) if differences in taste perception were evident in participants who habitually used recreational drugs and those that did not. 2) To explore the relative impact of participant drug use categorisation/grouping on the outcome of taste perception/preference. In particular, we were interested in exploring loose grouping criteria of recreational drug use that simply compared participants who use recreational drugs against complete abstainers. 3) To improve our understanding of drug use categorisation, we also aimed to compare a purposeful sample of individuals recruited based on a history of only consuming a specific recreational drug (cannabis). 4) To assess the interaction between drug use and taste perception with reference to known personality characteristics that have been shown to also independently predict drug use. Due to the nature of the investigation, two separate studies employing different recruitment strategies were offered. Four primary research hypotheses were held based on the previous literature. These hypotheses were: a) Opportunistic sampling would uncover a highly heterogeneous sample of participants who use multiple types of recreational drugs. b) Differences in tastant preference will be observed in individuals who report taking recreational drugs and were grouped together based on loose inclusion criteria. c) No differences will be observed in tastant preferences when a strict inclusion criteria for the drug user group was applied. d) There will be an interaction between sensation-seeking, impulsivity and tastant preference. In particular, individuals with higher sensation-seeking and impulsivity will be more likely to use recreational drugs and prefer stronger sweet tastants than those with lower scores for these characteristics. 
Method
Design (Study 1)
A mixed-measures design was used to examine differences in preference for five flavours. The first independent between-subject variable was drug group, which had three levels – control, cannabis user and multiple drug user. The second repeated measures independent variable was tastant, which contained five domains – salty, sweet, sour, spicy, and bitter. The dependent variable was the individual’s reported preference for five different strengths of each tastant. Potential personality correlates were added to the analysis to explore if any interactive effects on recreational drug taking were evident. In particular, these correlates were sensation-seeking and its derivative subscales (Zuckerman, 1990) and impulsiveness (Eysenck & Eysenck, 1991), as these have been related to recreational drug use in past research (e.g. Donohew et al., 1999; Ersche et al., 2010). Participants were excluded if they reported having any allergies or disliking the test foods. 
Participants 
In the current paper, all individuals were deemed to be recreational rather than dependent drug users. We separated the term recreational drug user into three categories of light, moderate and heavy drug user depending on frequency of use. Light drug users were defined as those who had taken at least some form of recreational drug once a week for the last month, as well as having a history of taking recreational drugs on a monthly basis over the last year. Moderate users were defined as individuals who used recreational drugs at least once (but no more than four times) a week over the last month, and had a similar monthly profile of use over the last year. Heavy users were defined as individuals who consumed recreational drugs at least once a day, every day for the last month and reported that this was a typical monthly use profile for the last year. Multiple drug use was defined as habitual use of two or more recreational drugs.
Two hundred and fifty participants (91 male) were recruited using opportunistic sampling. The sample within study 1 were recruited from undergraduate and postgraduate student cohorts and aged between 19-24 years old, which was similar to all other published research in this domain. We followed similar recruitment protocols to previous research to explore the impact of the recruitment process on the outcome of the research. Fifteen participants were removed for incomplete data and a further 3 were removed due to errors in their reporting of their habitual drug use. Ten participants from the control group were excluded as they reported having tried at least one substance on at least one occasion in their past. This left a total control sample of 75 participants. Of the remaining participant pool, 147 individuals reported taking recreational drugs habitually and were further separated into multiple drug users (n=77) and cannabis only users (n=70). Therefore, 222 participants (86 male) were included in the analysis of study one. The average age was (20.82±1.29y), with the average weight of the sample being 67.1kg±13.2kg and their average height was 1.71m±0.1m. The average Body Mass Index (BMI) of the sample was 22.8±3.6 kg/m2 with 184 participants falling into the lean (BMI > 18.5kg/m2), 33 into overweight (BMI > 25 kg/m2) and 5 into the obese categories (BMI > 30kg/m2). Participants most frequently reported their ethnicity to be white (90%).
Measures. 
Food Neophobia and General Neophobia. Levels of food and general neophobia were measured with the Food and General Neophobia Scales (Pliner & Hobden, 1992), which have been shown to be reliable and have high internal consistency (Richey et al., 2003; Rigal et al., 2006). The food neophobia scale was used to measure the fear/reluctance to try unfamiliar/new foods. Participants indicated their willingness to try 10 different food items using a 7-point Likert scale (1 strongly disagree to 7 strongly agree). The general neophobia scale consisted of a similar 8-item scale that measured a participant’s general response to novel situations. A high score on either of these scales indicated high levels of food or general neophobia. The internal consistency of the two subscales in the current study was 0.79 for the food neophobia scale and 0.82 for the general neophobia scale.
Sensation-seeking. The 40-item Interests and Preference Test (IPT), also known as form V of the Sensation-Seeking Scale (SSS-V) revised by Zuckerman (1994), was administered. Participants responded by choosing one of two opposing statements that best represented their behaviour. The questionnaire had four subscales: Thrill and Adventure Seeking (TAS); Experience Seeking (ES); Disinhibition (Dis); and Boredom Susceptibility (BS). The SSS-V has been extensively used in previous research and has demonstrated strong validity and reliability (Ferrando & Chico, 2001). The internal reliability coefficients for the current study were: TAS=0.78; ES=0.65; Dis=0.74; BS=0.57; and total score 0.82.
Impulsiveness. The Impulsiveness, Venturesomeness and Empathy (IVE) scale (Eysenck & Eysenck, 1991) comprises 54 self-rating items and yields three independent scores for impulsiveness (ranging from 0 to 19), venturesomeness (ranging from 0 to 19) and empathy (ranging from 0 to 16), where a high score on any scale indicates high levels of the corresponding personality dimension. This measure has been shown to have strong reliability (Jack & Ronan, 1998). Within the current study we only used the subscale of impulsiveness for a measure of impulsivity. A single subscale was used in order to limit item fatigue and avoid repetition with the sensation-seeking scale. The internal reliability coefficient for this measure in the current study was 0.81.
Drug Use Questionnaire. Drug use was ascertained through a detailed demographic questionnaire. A series of questions were asked to ascertain the frequency of controlled substance use over the last week, month and year. In addition, questions concerning lifetime use were also included to gain insight into the population's experience and use of controlled substances. In order to ensure that the participants were truthful, additional questions concerning the price that they last paid for their preferred drugs were requested. This was then corroborated with the current market prices within the geographical region as known by the local Police force. Naloxone was included to identify false reporting. Naloxone is usually given to individuals who have overdosed and would not typically be taken as a recreational drug. The questionnaire is available on request and has been used in past research published in drug dependence literature (e.g. Sumnall et al., 2004).
Taste Test. The current paradigm was an adaptation of Mattes et al (1994) in which we substituted urea for angostura bitters. We also included a fifth dimension to taste – chilli/spiciness. This modality of taste would be akin to flavour perceptions rather than taste perceptions; however, this nociceptor-mediated component of taste perception has been frequently related to sensation-seeking (Zuckerman, 1979) and merited further investigation within this paradigm. Results for each individuals’ preference for each of the five tastants was derived by adding five different intensities of an ingredient (table salt, granulated sugar, lemon juice, tabasco sauce, angostura bitters) to 20ml of food items (tomato soup [salt], strawberry juice drink [sweet], diet lemonade [sour], salsa sauce [spicy], tonic water [bitter]). Participants were excluded if they reported not liking or not eating/drinking the test items. The solutions and concentrations presented were extensively piloted to ensure that they offered a wide range of intensity of tastants while still being within the bounds of acceptability. Table 1 describes the concentrations of tastants used in the test foods.
Procedure
Participants attended the laboratory between midday and 5pm after at least three hours since their last meal. Participants were seated in individual cubicles and given instructions for the taste test, in which they were asked to consume the samples in the presented order. Order of presentation was counter-balanced and fully randomised within tastant categories. A litre jug of water was provided, and participants were asked to consume water and wait at least thirty seconds between tastings (a clock was provided in the room). The overall preferred concentration choice in each tastant category was recorded as the dependent variable. Each sample was rated in order to aid the participant in choosing which sample they preferred. Participants were monitored by the experimenters using close circuit television to ensure compliance. Following completion of the taste trials, the participants were asked to complete the three questionnaires (Food and General Neophobia Scale, SSS-V and IVE-I; presented in a counter-balanced order). Participants were then debriefed and advised to refrain from eating any salty foods for the rest of the day in order to stay within recommended dietary guidance.
Statistical Analysis
Our analysis first considered correlations between all of the potential variables. Due to the number of correlations and the sample size, a conservative correction of the alpha level was applied.  Alpha was divided by 16 allowing only probability scores below 0.003 and Spearman’s rho (ρ) values above 0.18 to be reported as significant. This ρ value meant that only small, medium or large effect size outcomes were reported as significant rather than values below what would be conventionally considered a small effect outcome. Only variables that significantly correlated with the independent variable were considered as potential covariates within the analysis. 
All assumptions for parametric testing were met. For study 1, analysis of covariance (ANCOVA) was conducted, with significant outcomes followed up using Tukey’s-b test. Non-significant analyses were investigated through power analysis to uncover if any type 2 errors were evident. All analyses were performed on IBM SPSS statistics version 20 for Windows.
Results (Study 1)
Demographics and Drug Use. Participants reported their sex, age, ethnicity and prior life time drug use (with detailed frequency of use of eighteen different recreational drugs and estimated quantity consumed over the last week and month). Amphetamine (numbers within the brackets represent the number of participants who had tried the drug in the past followed by habitual users. Life time tried: n=57/77. Habitual monthly use in the last year: (n=23/77), heroin (n=3/77: n=0/77), ecstasy (n=76/77: n=66/77), cocaine (n=73/77: n=46/77), cannabis (n=76/76: n=65/77), tranquillisers (n=19/77: n=3/77), ketamine (n=28/77: n=14/77), crack (n=5/77: n=2/77), lysergic acid diethylamide (LSD) (n=28/77: n=7/77), glue and solvents (n=13/77: n=2/77), magic mushrooms (n=57/77: n=15/77), Viagra (n=7/77: n=4/77), gamma hydroxybutyrate (GHB) (n=6/77: n=4/77), poppers (n=76/77: n=27/77), and herbal highs (n=28/77: n=1/77). The multiple drug users reported often switching drugs, rather than consuming all chosen drugs regularly. None of the participants reported currently receiving professional help for substance abuse. For those individuals who reported currently consuming recreational polydrugs, the overwhelming majority reported taking them at the weekends. The average number of days of abstinence prior to the study day was as follows: amphetamine (5.9 days), ecstasy (11.3 days), cocaine (34.3 days), tranquillisers (5.3 days), ketamine (4.7 days), crack (2.7 days), LSD (10.1 days), glue and solvents (5.3 days), magic mushrooms (35.4 days), Viagra (11.6 days), and poppers (44.3 days). For heroin, herbal highs, and GHB there was either insufficient data to calculate last usage or none of the sample had consumed them in the last year. The cannabis only group were regular users of cannabis but had not tried any of the other drugs. All 222 participants reported consuming alcohol at least recreationally and 187 participants reported smoking recreationally (n=48) or daily (n=139).
Variables Removed from the Overall Analysis. Several variables had no impact on the paradigm nor provided any significant interactions, and were therefore removed from further analysis. These variables were sex (F(4, 872)=0.52, p=0.72, η2=.002), food (F(4, 872)=0.31, p=0.86, η2=.001) and general neophobia (F(4, 872)=1.03, p=0.39, η2=.005). In line with previous research, food (r(222)=-0.32, p<0.001) and general neophobia (r(222)=-0.28, p<0.001) were  negatively associated with sensation-seeking, but did not interact with the tastant variables tested within the current paradigm.
Drug Use and Taste Preference. Table 2 offers the descriptive statistics for study 1. There was a significant interaction between the preference ratings of the different tastants and their drug user group (F(8, 876)=3.93, p<0.001). This was due to differences between the drug user groups' sour preference (F(2, 232)=15.16, p<0.001). For sour preference, significant differences between the three groups were observed. The abstinent group demonstrated a preference for a lower concentration (2.07±1.53), with the cannabis group preferring a moderate concentration (2.61±1.13) and the multiple drug use group preferring a higher concentration of sour tastant (3.12±1.11).
Significant Correlations Between all Measured Variables (Study 1). Total number of substances tried in the past was related to both sensation-seeking (ρ(222)=0.48, p<0.001) and impulsivity (ρ(222)=0.28, p<0.001). All subscales of the sensation-seeking scale significantly positively correlated with total number of substances tried (Thrill and adventure seeking (ρ(222)=0.21, p<0.001), Disinhibition (ρ(222)=0.28, p<0.001), Boredom Susceptibility (ρ(222)=0.25, p<0.001) and Experience Seeking (ρ(222)=0.49, p<0.001)).  Habitual drug use was associated with the experience seeking subscale of the SSS-V (ρ(222)=0.45, p<0.001) and weakly associated with the impulsivity scale (ρ(222)=0.24, p<0.001). Only one personality factor, boredom susceptibility on the sensation-seeking scale, was weakly associated with a taste preference for salt (ρ(222)=0.35, p<0.001). 
Personality Variables Across/Between Drug Use Groups. Strong significant differences were found between the three drug use groups on all of the personality variables measured (see Table 2). All aspects of the sensation-seeking scale were significantly different between the groups (Thrill and adventure seeking (F(2, 221)=4.08, p=0.018), Disinhibition (F(2, 221)=9.40, p<0.001), Boredom Susceptibility (F(2, 221)=4.52, p=0.012) and impulsiveness (F(2, 221)=6.72, p=0.001), with controls being significantly lower than the other two drug user groups (p<0.05). For experience seeking (F(2, 221)=31.5, p<0.001) all groups were significantly different from each other (all p<0.05), the abstinent group scored the lowest and multiple drug users scored the highest.
Drug Use, Taste Preference and Personality Variables. When experience seeking or impulsiveness was entered into the ANCOVA model they were not found to be significant covariates. Therefore, it was inferred that experience seeking and impulsivity predicted the propensity to engage in drug taking behaviour, but the interaction between drug user groups and taste preference was not due to these personality characteristics. Boredom susceptibility was independently related to tastant concentration preference (F(4, 872)=4.80, p=0.001), which was due to people with high boredom susceptibility having a higher preference for salt tastants than low scoring boredom susceptibility participants (t(220)=4.89, p<0.001). Boredom susceptibility and drug group were not interrelated and did not provide an overall interaction with taste preference (F(8, 864)=0.92, p=.0.53; η2=0.01). This indicated that sensation-seeking and specifically boredom susceptibility were independently related to taste preference.
Study 2
Due to the nature of the sampling strategy and the high levels of inter-dependence of the drug user groups in the first study (e.g. all multiple drug users used cannabis frequently and all cannabis users mixed cannabis with tobacco); it was difficult to draw definitive conclusions about alterations in taste preferences due to specific drug use. Therefore, a second study was devised to address these limitations. 
Methodological Alterations from Study 1. Based on the findings of the first study, the second study only included the sensation-seeking and impulsivity questionnaires. The same taste preference paradigm was used; however, the recruitment strategy differed. The second study recruited a) from a community sample and b) using a strict set of inclusion criteria to only incorporate individuals with specific histories of recreational drug use - i.e. those who had only ever taken their drug of choice and had no history of consuming either multiple drugs or other drugs listed within the study. Four groups were created (controls, daily tobacco users, recreational cannabis users and daily cannabis users). An additional criterion of tobacco users was that they must have smoked at least ten cigarettes a day, every day for the last month, with a similar annual profile of use to be considered a daily user. Therefore, the second study used a 4 (drug user group) x 5 (tastant) mixed measures design. 
Participants
Seventy-six participants (38 males and 38 females) recruited from the community and aged between 18 and 36 years (20.9±2.5) took part in the same paradigm outlined above. The participants were almost equally spread across the four conditions (control n=20, daily tobacco users n=16, recreational cannabis users n=20, daily cannabis users n=20). It was reported by the cannabis users that they all habitually smoked cannabis rather than ingested it. To assess if participants had a substance (cannabis) use disorder (SUD), the cannabis use disorder identification test (Adamson, Kay-Lambkin, Baker et al., 2010) was administered. Whilst twenty-two participants scored above 8 on the measure (indicating hazardous use), none scored above 12 (suggestive of a disorder). All participants who scored above 8 were interviewed and their habits were considered not indicative of a SUD. 
Results (Study 2)
Variables Removed from the Overall Analysis. As with study 1, sex differences did not affect taste preference (F(4, 272)=1.41, p=0.23, η2=0.02). Drug group was again associated with experience seeking on the sensation-seeking scale (ρ(76)=0.30, p=0.009), which also did not function as a covariate in an ANCOVA analysis. 
Drug Use and Taste Preference. A significant interaction between drug use group and taste preference was again observed (F(12, 288)=1.66, p=0.037). This was due to differences in sweet (F(3, 70)=2.03, p=0.05) and chilli preferences (F(3, 70)=2.03, p=0.01). Specifically, the differences were between the control group and the daily cannabis users (Sweet Preference: t(38)=2.23, p=0.03, Chilli Preference: t(38)=2.27, p=0.03) and the daily tobacco smokers (Sweet Preference: t(34)=2.34, p=0.02, Chilli Preference: t(34)=2.85, p=0.01). In all instances, daily users of cannabis and daily users of tobacco reported higher preferences for higher concentrations of sweet and chilli tastants. No differences were observed between recreational users of cannabis and controls (Sweet Preference: t(38)=1.32, p=0.20, d=0.36. Chilli Preference: t(38)=1.30, p=0.20, d=0.38).
Significant Correlations Between all Measured Variables (Study 2). Table 3 offers the descriptive statistics for study two. Unlike in study 1, total sensation-seeking scores were positively associated with sweet preference (ρ(76)=0.56, p<0.001) and impulsiveness score was positively associated with preference for sour tastants (ρ(76)=0.35, p=0.002). Again, the analysis indicated that these continuous variables did not function as significant covariates. 
Personality Variables and Drug Use. In the smaller sample of study 2, only Experience Seeking (F(3, 72)=5.99, p=0.001) and Boredom Susceptibility (F(3, 72)=3.88, p=0.01) were significantly different across the four drug groups. In both incidences, the control group was significantly lower than the three drug using groups. No differences were observed on any personality variables between the three drug using groups.
Discussion
The current study aimed to explore the impact of drug use on tastant (salt, sour, sweet, bitter and spicy) concentration preference. Past research has been inconsistent. A wide range of different tastants and taste preference have been linked with recreational drug use. To provide clarity on the impact of drug use, the secondary aim of the current paper was to explore the impact of drug categorisation and inclusion criteria on the outcome of the tests. In addition, to understand the impact of differential sampling strategies employed in past research, we compared outcomes from a purposeful sampling strategy with strict inclusion criteria for drug use against an opportunistic sampling strategy in two different studies. Finally, in order to consider the complex interplay between drug use and tastant preference, the potential confound of sensation-seeking and impulsiveness was also measured to explore the interactive impact of drug use and personality on tastant concentration preference. 
Employing an opportunistic sampling strategy in study 1, it was shown that recreational multiple drug and cannabis users had a significantly higher concentration preference for sour tastants.  Analysis of the personality variables suggested that these did not interact with taste preference and drug use directly. Rather, there was an independent association between drug use, impulsivity and sensation-seeking. As predicted, recreational drug users scored higher on both sensation-seeking and impulsivity compared to abstainers and the breadth of drugs sampled in the past was moderately associated with impulsivity. Boredom susceptibility within the sensation-seeking profile was independently related to salt preference; however, this did not appear to interact with the relationship between drug use and tastant preference. Therefore, according to the results in study 1, it would appear that impulsivity is independently associated with drug use and tastant preference. This finding was unexpected, but may suggest that sensation-seeking or impulsivity interact with drug use through the amount consumed or food choice rather than tastant preference (Nolen, 2013; Nolen & Stolze, 2012). Perhaps alternative paradigms exploring eating behaviour rather than taste preferences would uncover the exact nature of how these personality constructs interact with drug use. 
The differences observed in study 1 appear to partially support the existing literature. Differences in sour tastant preferences have been reported (Grossman, 1968). Contrary to past research, Mata’s (1963) observation of differences in bitter preference or Foltin’s (1988) alterations in sweet tastant preference were not corroborated. Explanations and interpretations of the data in study 1 fall into one of three categories. The first could be simply that tastant perception is altered in those who use recreational drugs. The use of cannabis and/or a wide variety of drugs measured within study 1 alters an individual’s perception of taste so that they either prefer stronger concentration of tastants, or their sense of taste has been dulled so that they require a higher concentration of a given tastant to perceive it in a similar manner to abstainers. 
The second potential explanation of the conflicts in the current published data and study 1 could be due to slight variations in paradigm between the studies. Past literature has focused on the administration of a small quantity of the drug under investigation and then offering a taste test during intoxication. This would indicate, unsurprisingly, that differences in taste perception stem from current intoxication; rather than being tested following chronic exposure to a drug(s) and during in a non-intoxicated state. Blood or urine testing would be necessary to differentiate this interaction. Taken together, the data suggest that intoxication with a recreational substance alters tastant perception, which appears to be consistent and maintained in individuals that use multiple drugs or cannabis for a moderate period of time. 
The final potential explanation could be the variation of how the drug user groups are assigned/created within past literature. Study 2 was designed to investigate this potential explanation. Strict inclusion criteria appear to have had a marked effect on the outcome. When very specific eligibility criteria were implemented, sweet and spicy tastant concentration preference was different between recreational drug users (cannabis and tobacco) compared to controls. This mirrors the findings of Foltin (1988) who also suggested alteration in sweet tastant preference following the use of cannabis. The difference between the Foltin (1988) study and its predecessors was that the small numbers of participants investigated were habitual cannabis users, who smoked recreationally, and lived in a laboratory for a period of time. In other studies, only a limited amount of self-report data was used to create the recreational drug user groups, or only self-reported cannabis users were allowed to take part. Equally, the field of research is lacking in any randomised double blinded placebo controlled trials in conjunction with carefully selected sample of different types of users. Therefore, at present, it cannot be definitively concluded that the design itself is responsible for the differences observed here. However, it is clear that papers with larger sample sizes and carefully controlled taste tests tend to report null findings. Furthermore, defining human drug use in taste perception paradigms is difficult. Arguments for and against administration paradigm vs habitual use cannot be resolved from this study. Thus we suggest that further large scale studies exploring the impact and effect of different drugs on taste perception, as well as the mode of delivery, will add further to the limited information currently available. Despite these caveats, we have tested the largest human sample to date. We suggest that habitual use, type of drug used and the mode of delivery are associated with an alteration in taste perception, and that these factors explain some of the inconsistency in published findings. 
The results from study 2 appear to relate to the habitual and daily use of tobacco rather than being specific to cannabis. This is inferred as both tobacco and cannabis returned similar scores, with no additive effect of cannabis compared to smoking tobacco being observed. It has been long known that smoking affects taste perception for bitter tastants (Krut et al., 1961) and carefully controlled experiments of taste perception in smokers indicates that they are worse at discriminating all tastants irrespective of their modality (Sato et al., 2002). Moreover, the effect appears to be transient, as only daily use was shown to affect sweet taste perception in the current study, an observation that has been previously reported elsewhere (Redington, 2002). As all of the taste modalities have now been implicated as different in recreational drug users, it is likely that Sato et al's (2002) observations apply to both tobacco and cannabis users. 
The act of smoking a recreational substance appears to result in a short-term residual alteration to taste perception that leads to a preference for stronger tastants, an inability to taste specific items or a higher tolerance for tastants. Results in human participants who are asked to consume a recreational drug to explore impacts on taste perception have found a variety of changes in taste perception from null findings (Mattes et al., 1994) to large differences (Foltin et al., 1986; 1988). These differences can be explained by the method of delivery of the drug in question, cannabis in this instance, whereby one method was to ingest it (null results), while the other was to smoke it (effects observed). Furthermore, the manner in which participants are recruited and/or assigned to the category of 'recreational drug user' for the purposes of these studies has a dramatic effect on outcome. Duration, method of delivery, intoxication and frequency of use all appear to have a significant effect on the differences in tastant concentration preference observed in cannabis users (e.g. Foltin et al., 1986; 1988; Mattes et al., 1994; Nolan & Stolze, 2012). 
One surprising finding was that personality traits previously independently linked to recreational drug use and tastant preference did not provide significant results in the current study. Although we can state that none of the personality variables measured here, sensation-seeking, impulsivity and food/general neophobia were not a covariate in the current analysis; there were some indications of association between taste perception and personality, as well as highly significant differences between these personality variables and recreational drug use. It is feasible to still suggest that these personality attributes may have a more long-term role in the decision to use recreational drugs and preference for stronger tastants. There was a moderate correlation between sensation-seeking and sweet preference, as well as sensation-seeking and recreational drug use uncovered in the current study. Therefore, it would be premature to conclude that personality attributes, recreational drug use and tastants do not interact together to predict preferences. The inference from this data was that these did not interact within a simplistic model. 
It is important that several limitations of the current studies are noted. Firstly, information on participants’ recreational drug use was reliant on self-report. Although speculative, it is not unreasonable to suggest that some people did exaggerate or under-report their drug use. Future studies that can rationalise the expenditure may wish to consider urine toxicology testing. The eligibility criteria to participate could also be interpreted as being a significant limitation. The open criteria in the first study meant that a very heterogeneous sample was recruited. Ergo, placement of participants into specific groups was somewhat arbitrary based on the popularity of a particular recreational drug’s use within the sample or its current legality at the time of testing. In addition, although larger than any other published study in this area, the sample size in study 2 was only sufficient to show differences of a large effect. It is possible that more subtle differences would be observed with a greater sample size. 
In addition to noting limitations, it is also equally important to highlight the strengths of the current paradigm and what these data add to the literature. These studies were the first to explore tastant concentration preferences between different recreational drug users rather than providing a dose of a drug and measuring its immediate effect. The sample size was much larger than previous research, which allows for more robust conclusions and interpretations of the data and how the variables have interacted. 
To conclude, altered tastant preferences observed in recreational drug users are probably due to tobacco use. Specifically, higher concentrations of sweet and spicy tastants are preferred by daily users of tobacco and cannabis compared to light users and abstainers. Based on differences in recruitment strategy and subsequent grouping of participants, differences in tastant preferences observed between recreational drug users and abstainers are likely to be due to the frequency that the participants smoke their recreational drug of choice. It is clear from the current series of studies that definition, and resulting inclusion/exclusion criteria, of recreational drug use has a significant impact on the outcome of a taste preference study. 
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