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Effects of 7.5% carbon dioxide inhalation on alcohol choice, alcohol approach-avoidance, and alcohol craving in social drinkers with high versus low drinking-to-cope motives

Maddy Dyer, Lee Hogarth, Jon Heron, Matthew Hickman, Marcus Munafò, and Angela Attwood

Background

Observational studies have supported a stress-alcohol relationship, but many measure trait levels of stress or anxiety (or presence of significant stressful life events) and alcohol problem behaviours. Laboratory studies have examined stress effects on alcohol related behaviours in humans (Fox et al., 2007) and in addition there is evidence that stress effects are greater in those who report high drinking-to-cope (DTC) motives. Individuals who report DTC with adverse states are more sensitive to the motivational impact of experimentally induced negative mood and stress on alcohol-seeking behaviour indexed by craving, consumption, preferential choice or cognitive bias (Austin and Smith, 2008, Birch et al., 2004, Cooney et al., 1997, Rousseau et al., 2011, Zack et al., 2003, Hogarth et al., 2018a, Hogarth et al., 2018b).

Previous research from our laboratory has used the 7.5% carbon dioxide (CO2) model of anxiety induction to investigate the effects of state anxiety on alcohol choice and alcohol cognitive bias in social drinkers. There was evidence of increased alcohol choice, but not cognitive bias, during 7.5% CO2 inhalation. Furthermore, there was some evidence that self-reported DTC tendencies were positively associated with alcohol choice during heightened state anxiety. The current study will extend these findings by investigating the effects of state anxiety on alcohol choice, alcohol approach-avoidance tendencies, and alcohol craving in social drinkers with either high or low DTC motives. The cognitive bias measure (modified Stroop task) has been replaced as it has been reported to have low internal reliability in these measures (Adams et al., 2012). We will compare alcohol-related outcomes during inhalations of 7.5% CO2 and medical air, and we will explore whether effects differ by DTC status. 
	
Study Objective and Hypotheses

To investigate the effects of state anxiety on alcohol-related behaviours (i.e., alcohol choice, alcohol approach-avoidance tendencies, and alcohol craving), and explore whether effects differ by DTC status. We hypothesise that inhalation of 7.5% CO2 (compared to inhalation of medical air) will lead to increased:

H1: Alcohol choice;

H2: Approach tendencies to alcohol stimuli (vs. neutral stimuli);

H3: Alcohol craving.

Study Design

This study will use a mixed model design with one within-subjects factor of gas (medical air, 7.5% CO2) and one between-subjects factor of DTC status (high, low). For analysis of the approach-avoidance task, bias scores (median push reaction time [RT] minus median pull RT) will be calculated separately for alcohol and neutral stimuli. Therefore, for this task, there will be an additional within-subjects factor of stimuli image type (alcohol, neutral).  

To test the validity of the anxiety manipulation, subjective (state anxiety, mood) and physiological (heart rate, blood pressure) indices of anxiety will be recorded after each inhalation. Order of gas inhalation and tasks will be fully counterbalanced across participants.

Study Site

School of Psychological Science, University of Bristol, 12a Priory Road, Bristol BS8 1TU, United Kingdom.

Participants and Recruitment

Participants will be recruited via existing email lists, poster and flyer advertisements, social media, word of mouth, and the careers service website at the University of Bristol. They will be asked to contact the research co-ordinator for further details of the study if they are interested in taking part. Those who meet the study inclusion criteria on the study advertisement will be asked to read the information sheet, and then complete a brief Qualtrics questionnaire that will assess eligibility based on DTC status. Eligible participants will be contacted for a telephone screening, and if they pass this, they will be invited to a study session. Ineligible participants will be emailed and told they are ineligible, and their questionnaire data will be deleted after study closure. Participants will be reimbursed £20 at the end of the study session.

Inclusion criteria

Aged between 18-50 years
Good physical and psychiatric health
	Drink alcohol at least weekly

Drink wine and/or beer as a drink of choice
	Have no dietary requirements
	English as first language or equivalent level of fluency
	Ability to give written informed consent as judged by the lead researcher
	Low or high DTC motives (total score of 4-8 or 16-20, respectively, on the anxiety-coping items of the Modified Drinking Motives Questionnaire – Revised) *


* We will attempt to recruit participants based on these scores. However, if recruitment is difficult, we will relax these criteria to 4-8 (non-DTC) and 12-20 (DTC). If recruitment projections are still not being met, we will recruit all eligible participants regardless of their DTC score, and dichotomise the variable after data collection using an upper quartile split. 

Exclusion criteria

Alcohol consumption within 24 hours of study session
	Recent use of illicit drugs (defined as any use of illicit substance in last month and negative outcome on urine screen - excluding cannabis for which there should not be any use in last week)
Systolic/diastolic blood pressure higher than 140/90 mmHg
Heart rate lower than 50 or higher than 90 beats per minute (bpm)
	Pregnancy or breastfeeding
	Body mass index (BMI) less than 17 kg/m2 or greater than 30 kg/m2
Significant current or past medical or psychiatric illness
	Personal or strong family history of mood disorder, including panic disorder
	Ongoing physical illness or abnormality (e.g., history of cardiac or respiratory problems, including asthma)

Personal history of migraine 
	Not registered with a general practitioner (GP)
	Drinks more than 35 alcoholic units*/week for females and 50 units*/week for males
Drinking more than eight caffeinated drinks per day
	Daily smoking
	Personal history of alcoholism or drug dependence

Medication use (except local treatment, aspirin or paracetamol, contraceptive medication) within the past 8 weeks
Impaired or uncorrected vision 
	Impaired or uncorrected hearing

If there is doubt relating to any of these criteria, the researcher will discuss with the medical doctor before making an inclusion/exclusion decision.

* One unit equals one 25ml single measure of spirit (ABV 40%), or a third of a pint of beer (ABV 5-6%) or half a standard (175ml) glass of red wine (ABV 12%).

Sample size determination 

The sample size for this study was calculated using an effect size estimate from our previous study that investigated the effects of state anxiety on alcohol choice (unpublished data). This study compared alcohol choice (%) during inhalation of 7.5% CO2 (M = 43, SD = 25) and medical air (M = 33, SD = 22) (correlation between conditions = .79), equivalent to a dz = .65. As this is likely to be an inflated effect size, we will use a more conservative effect size estimate (one third reduction of observed) dz = .43. Based on this estimate, we require n = 60 to achieve 90% power at an alpha level of 5%. Investigation of interaction effects will be exploratory.

Withdrawal of participants

Participants will be informed that they are able to withdraw from the study at any time without having to give a reason. They will be told prior to each inhalation that they can ask questions during the inhalation or stop the inhalation at any time. 

If a participant withdraws due to an adverse event (including serious adverse events), they will be offered full reimbursement (i.e., £20). This would include any extreme response to the study procedures, including vomiting, panic attacks or any event that requires medical support (e.g., if an on-call study doctor is called or if an ambulance is required).

If a participant withdraws from the session for a reason that is not an adverse event (e.g., they do not like the gas), they will be reimbursed a monetary amount that is commensurate with the time they have spent in the laboratory (i.e., stopping half way through the session would result in a reimbursement of 50%).

Randomisation

The order of inhalations (i.e., 7.5% CO2 and medical air) and tasks (choice, approach avoidance) will be counterbalanced across participants. Using a random number generator (http://www.randomizer.org), we will assign participants to one of the two gas orders and separately to one of the two task orders. We will attempt to recruit an equal number of males and females in each DTC group (i.e., 15 males and 15 females).  However, if recruitment is difficult we will ensure that groups have equal numbers of male and female participants but that this may not be a 50:50 split within groups.

Measures and Materials

Computer tasks

Two computer tasks will be completed during each inhalation. They will be programmed using E-Prime. 

1) Alcohol choice task: This task requires participants to choose between two key press responses to enlarge thumbnail images of alcohol* versus food. At the start of the task participants will be told: “In this task, you can view different pictures by choosing the LEFT or RIGHT thumbnail to enlarge”. Each trial will present two thumbnail images, one on the left and one on the right side of the screen. One image will show alcohol whereas the other image will show food. After 2 seconds of viewing these thumbnails, the symbol “←or→” will appear, at which point pressing the left or right arrow key will enlarge the selected image and remove the unselected image. The enlarged image will then remain on-screen for 2 seconds, before an inter-trial-interval of between 1 and 2 seconds. There will be 48 choice trials in total. Each trial will randomly sample from 12 alcohol and 12 food images. The left-right position of alcohol and food images will also be randomised, except that runs on the same side will be no longer than 4. The percent choice of the alcohol versus food images is the primary outcome measure.

2) Approach avoidance task (AAT): This task consists of 6 practice trials (6 stationary equipment images), followed by 2 experimental blocks, each comprising 48 experimental trials (i.e., 96 experimental trials in total). Each block presents 12 alcohol* images and 12 neutral images (soft drinks), and trials are split between 24 approach and 24 avoidance trials (12 per stimulus type). Each neutral image is matched to the visual characteristics of an alcohol image in the set (e.g., size, complexity, pixel density and resolution). The order of the presentation of the images is randomised within the blocks and across participants. On each trial, a fixation cross appears on screen for 500 milliseconds (ms), before being replaced by an image (alcohol-related or neutral image). After a short delay (500 -750 ms), either a solid border cue (24 trials per block, 12 alcohol, 12 neutral) or a dashed border cue (24 trials per block, 12 alcohol, 12 neutral) will appear around the image. Participants are required to either push the image away from them (arm extension; 50% of trials) or pull the image towards them (arm flexion; 50% of trials) using a joystick, depending on the border of the cue. Participants are encouraged to respond as quickly and as accurately as possible. Image size will change based on joystick movement. A pull movement will cause a larger version of the image to appear (creating a visual impression of the image moving closer; approach), and a push movement will cause a smaller version of the image to appear (creating a visual impression of the image moving away; avoidance). 

RT is the outcome measure and will be measured from the point at which the cue appears to the point at which the participant makes the full joystick response and the image disappears (i.e., when the invisible cursor attached to the joystick reaches the top (push) or the bottom (pull) of the screen). Shorter (faster) reaction times to pull trials are indicative of an approach tendency and shorter (faster) reaction times to push trials are indicative of an avoidance tendency. All incorrect trial reactions (i.e., pushing instead of pulling and vice versa) will be removed from the data set.

* Two versions of both the alcohol choice task and the AAT will be created that are identical on all the details noted above. However, one will comprise wine images and the other beer/lager images. At the start of the study, participants will be asked what their drink of choice is out of the two options (only wine or beer/lager drinkers will be recruited) and they will complete the corresponding task. This ensures that effects are not weakened by participants seeing images of drinks they do not regularly consume, and the two versions enable us to recruit from a wider pool or participants.

Questionnaire measures 

Participant characteristics: Extraversion, neuroticism, and psychoticism measured using the Eysenck Personality Questionnaire – Revised (EPQ-R) (Eysenck and Eysenck, 1991). Trait anxiety measured using the Spielberger State-Trait Anxiety Inventory (trait sub-scale; STAI-trait) (Spielberger et al., 1983). Lifestyle measured using the Health Promoting Lifestyle Profile II (HPLP-II) (Walker et al., 1987). 

State anxiety manipulation check: State anxiety measured using the Spielberger State-Trait Anxiety Inventory (state sub-scale; STAI-state) (Spielberger et al., 1983). Positive and negative affect measured using the Positive and Negative Affect Schedule (PANAS) (Watson et al., 1988). 

Subjective alcohol outcome: Alcohol craving measured using the Alcohol Urge Questionnaire (AUQ) (Bohn et al., 1995).

Drinking-to-cope status: DTC motives measured using the coping-anxiety subscale of the Modified Drinking Motives Questionnaire – Revised (Modified DMQ-R) (Grant et al., 2007). Scores of 4-8 will indicate low DTC, and scores of 16-20 will indicate high DTC. These cut-offs were selected as they represent self-reported DTC motives ‘never/almost never (1)’ or ‘some of the time (2)’ (low DTC) versus ‘most of the time/often (4)’ or ‘almost always/always (5)’ (high DTC) on the four coping-anxiety items. 

Alcohol coping for exploratory analysis: Alcohol coping measured using the Alcohol Coping Checklist (ACC).

Physiological measures

State anxiety manipulation check: Cardiovascular measures (i.e., heart rate (HR), systolic blood pressure (SBP) and diastolic blood pressure (DBP)) will be assessed using the OMRON M6 blood pressure monitor (OMRON Healthcare, UK).

Procedures

Prior to the study session, participants will be sent a copy of the information sheet via e-mail. Participants will be directed to complete an online screening questionnaire (Modified DMQ-R) to assess DTC eligibility. This will be used to assign participants to either the low (4-8) or high (16-20) DTC group. If a participant is eligible based on the initial assessment, they will be contacted by telephone to complete a screening assessment. This will include questions on demographics (age, gender), caffeine, alcohol consumption, smoking habits, and medical history. Individuals who pass the telephone screening will be invited to attend a study session. All data gathered from individuals who are ineligible will be destroyed using the University’s confidential waste facility.

On arrival at the study session, participants will be given the opportunity to read the information sheet again and ask any questions. They will be asked to sign two identical consent forms, one of which they will be able to keep and the other will be stored in the study master file. Participants will be screened further to ensure that no significant change (e.g., diagnosis of illness, use of medication) has occurred since the telephone screening. Participants will provide a urine sample (to screen for drugs of abuse and pregnancy). Blood pressure, heart rate, height, and weight will be measured to ensure they are within a healthy range. Psychiatric health will be assessed using a neuropsychiatric interview (developed from the Mini International Neuropsychiatric Interview). Expired breath tests for recent alcohol use and smoking will also be taken.

Following the screening procedure, eligible participants will complete baseline questionnaire measures (STAI-trait, STAI-state, PANAS, AUQ), and baseline cardiovascular measures will be assessed. The first inhalation procedure will then begin. Before the inhalation, an oro-nasal mask will be fitted, participants will be briefed on the task requirements and given the opportunity to ask questions. They will also be given information on the inhalation and reminded that they can stop the inhalation at any time. During each inhalation, participants will complete the two computer tasks (alcohol choice task and AAT). Immediately after each inhalation, blood pressure and heart rate will be measured, and participants will complete the subjective questionnaire measures (STAI, PANAS, and AUQ), based on how they felt during the inhalation when the effects were at their peak. Inhalations will last a maximum of 20 minutes. If the tasks are not finished in this time, the researcher will close the gas-related valve and participants will finish the tasks breathing room air. There will be a 30-minute “wash-out” between inhalations. The second inhalation will follow the identical procedure to the first inhalation. 

Participants will remain in the laboratory for 20 minutes after the end of the second inhalation to ensure good recovery. During this time, they will complete the EPQ-R, HPLP-II, and ACC. Blood pressure and heart rate will be measured to ensure that they have returned to a normal level. They will also have the opportunity to stay longer if they feel that the effects of the gas have not worn off. Each test session will last approximately 2.5 hours. Participants will be reimbursed £20 at the end of the study session.

Gas mixtures

The gas mixtures are CO2 7.5%/O2 21%/N 71.5% and medical air (O2 21%; BOC Ltd.). These will be administered using an oro-nasal mask (Hans Rudolph, Kansas City, MO, USA). For safety reasons, gas administration will be single-blind.

Statistical Plan

All data will be assessed for normality using skewness and kurtosis. Where Mauchly’s Test of Sphericity is p < .05, Greenhouse-Geisser statistics will be reported. 

Paired-sample t-tests will be conducted to check the validity of the anxiety manipulation, by comparing subjective (STAI-state, PANAS) and physiological (HR, SBP, DBP) responses after CO2 versus air inhalations.

For all outcome data (i.e., alcohol choice, alcohol approach-avoidance, and alcohol craving), the primary statistical model will be a 2 × 2 mixed model ANOVA with a within-subjects factor of gas (7.5% CO2, air) and a between-subjects factor of DTC status (high, low). 

There will be an additional within-subjects factor of image type (alcohol, neutral) for the AAT data. Reaction time bias scores will be calculated separately for alcohol and neutral stimuli trials, by subtracting median pull RT scores from median push RT scores. This means that negative AAT scores reflect a greater avoidance tendency (as push RTs are faster than pull RTs). Conversely, positive AAT scores reflect a greater approach tendency (as pull RTs are faster than push RTs). 

Exploratory analyses

We will also perform a subgroup analysis restricted to wine drinkers and using only results from the wine stimuli from the alcohol choice task (to match the task version used in the previous experimental study). We will also conduct sensitivity analyses to determine whether our results are influenced by how the DTC variable is defined. This will involve differentiating between people who DTC and drink for social reasons (high DTC motives, high social motives) versus those who only (or predominantly) DTC (high DTC motives, low/no social motives). However, these exploratory analyses will depend on sufficient participant numbers in these subgroups. 

The EPQ-R, STAI-trait, and HPLP-II will be used to describe participant characteristics. In addition, subscales of the ACC will be correlated with the magnitude of the change in alcohol choice produced by CO, and multiple regression will be used to determine if any of the subscales acts as an independent predictor.  

Ethical Considerations and Informed Consent

Ethics approval has been obtained from the Faculty of Science Research Ethics Committee (reference: 25051752981). The study will be conducted according to the revised Declaration of Helsinki (2013) and the 1996 ICH Guidelines for Good Clinical Practice E6(R1). Ethical considerations relating to this study are the effects of CO2 inhalation. These can include breathlessness, dizziness, feelings of fear/anxiety, headache, increased heart rate and blood pressure. Participants will be fully informed of the nature, purpose and risks of the study and these possible effects of the CO2 inhalation prior to signing up, via the information sheet (which they will receive in advance of the study session). There will be no time restriction on how long participants take to respond, with the exception that participants who responded after all the study places have been filled will not be offered a place on the study. Therefore, participants will be given sufficient time to read the information and consider any implications, and to raise any questions with the investigators prior to deciding whether to participate. On arrival at the study session participants will be given the opportunity to read the information sheet again and ask the investigator any questions. Written consent will then be obtained. Participants will be informed that they are free to withdraw at any time. 

Safety 

During gas inhalation, the researcher will remain within reach and sight of the participants. If undue distress is experienced, the participant can ask to stop the inhalation and reassurance will be provided. Participants are encouraged to describe any effects of the gas in detail, and in our experience, effects are short-lived and recovery is rapid following subsequent air inhalation. All adverse events will be recorded on the relevant page of the Case Report Form (CRF). A medical doctor will also be available for telephone support should medical advice be required. The researcher will also have direct telephone contact with a 7.5% CO2 trained researcher who will remain in the same building for the duration of the session. If assistance is required, the researcher will call this number and the on-call researcher will go directly to the laboratory. In the case of a medical emergency, the researcher will phone for an ambulance. 

Follow-up 

After testing, participants will be given a card stating that they participated in this study and that they received a CO2 challenge, and will be asked to keep this with them for 24 hours after testing. In addition, all participants will be contacted the day after testing to ensure that no adverse events or reactions have occurred. Any reported events will be documented on the CRF or an adverse events/reaction form as appropriate. Ongoing adverse events/reactions will be followed up as appropriate. 

Adverse Event Reporting

Adverse events or adverse reactions will be documented at the end of the relevant session using an adverse event report. The adverse event report will be anonymised by unique study identifier and stored in the master file. Adverse events will be followed up until resolved if possible. At the end of the study a safety report will be complied and sent to the Principal Investigator (PI) listing all adverse events and adverse reactions. All procedures related to adverse events will follow the University of Bristol adverse events policies and procedures.

Incidental Findings

If a suspected abnormality is revealed during the screening procedure, the researcher will immediately inform the PI. They will not raise any concerns with the participant. The PI will write to the participant's General Practitioner (GP). The letter will state whether the person expressing concern is medically qualified. It will also state that the participant concerned has not been informed and that the decision as to whether the participant should be informed lies with the GP. The task of informing the participant will be referred to the GP. In the interests of patient confidentiality, the member of staff concerned will not discuss the situation with colleagues other than the PI. The only exception to this is if we obtain a positive pregnancy result. This information will be relayed directly to the participant. Female participants will be advised on the information sheet that a pregnancy test will be performed and that they will be told if a positive result is obtained.

Data Management
 
All aspects of the Data Protection Act will be adhered to. Consent forms will be retained by the School of Psychological Science for a period of 10 years after study completion. 

Anonymised study data

The CRFs and electronic data will be anonymised by a unique numeric identifier. CRFs will be stored in a locked office. All data requested on the CRF will be recorded. All missing data will be explained. If any entry errors are made, a single straight line will be drawn through the incorrect entry and the correct data entered above it; to correct such an error. All such changes will be initialled and dated. Once data from CRFs have been inputted into a data spreadsheet they will undergo a reliability check (20% check by independent researcher). If an error rate greater than 1% is obtained the data will be re-inputted in full and assessed again. After the data have been positively assessed, the CRFs will be destroyed in the School’s confidential waste facility.

Original computer data files will be backed up on a secured University of Bristol network drive. At the end of the study, electronic study data (including finalised data sheet) will be transferred to a designated University of Bristol Research Data Storage Facility for long-term archiving. Study data will be kept for a minimum of 15 years. At the appropriate time the data sheet will be locked and made open using the University of Bristol Research Data Repository.

Screening documents and participant contact details

Screening documents, participant contact details and participant identifier logs will be stored separately in a study master folder and kept confidential. These will be kept in the study master folder for one year after study completion or until data are made open (whichever comes first), after which these documents will be destroyed. Failed screening documents will be deleted or shredded immediately using School’s confidential waste facility.

Revoked data

If a participant decides that they do not want their data used after their participation, they have the right to request that the data are withdrawn. They can request this up to one year after the study or until the data are made open (whichever comes first).

Quality Control and Quality Assurance

The investigators will be responsible for data quality. After approximately 10% of data collection has been completed, the study will undergo an in-house quality assessment. During this monitoring process all CRFs and study documents will be assessed as well as the investigators laboratory management and participant engagement and corrected where necessary. 

Post-study checks will be conducted on data entry by an independent researcher. This researcher will re-enter 20% of hardcopy participant data. A threshold of 1% will be used, whereby error rates greater than 1% will require the data to be re-entered. A 100% check will be made on allocation to test condition.

Insurance 

This study will be sponsored by the University of Bristol. The University has Public Liability Insurance to cover the liability of the University to research participants. In the event that something goes wrong and a participant is harmed during the research study there are no special compensation arrangements. If a participant is harmed and this is due to someone's negligence then they may have grounds for a legal action for compensation against Bristol University or one of the other parties to the research, but they may have to pay their own legal costs. 

Publication Policy 

The findings from this research study may be published in an appropriate scientific journal (and made available open access), and/or presented at an appropriate meeting. Study data will be collected and held by the study investigators. The data will be made available for sharing via a University of Bristol online data repository.
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