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Abstract

Increasing awareness of, and information about, overdose risk is an appropriate approach in risk

reduction. E-Health technology in substance use disorders is an opportunity to support

behavioural changes related to public health concerns. The present study aimed to evaluate the

short-term impact of an innovative e-health psycho-educational software, the Overdose RIsk

InfOrmatioN (ORION) tool. The ORION programme provided relevant information to opioid

dependent individuals about the risk of suffering a drug overdose as a result of high risky and

dysfunctional behaviours. Seven aggregate risk factors were identified through a systematic

review and their outputs included in a risk estimation model. We recruited 194 opioid dependent

treatment-seeking individuals from the UK, Germany, Italy and Denmark. All participants were

given at study entry, and after their use of the software, the General Self-Efficacy (GSE) Scale.

We found comparable pre- and post-ORION administration mean GSE scores (SD), 28.49

(5.50) and 28.32 (5.90), respectively (p=0.297). However, there was an inverse correlation

between the number of risk factors and reported levels of self-efficacy (p<0.001). ORION was

able to identify individuals who are most in need of reducing their modifiable risk factors with

appropriate interventions. However, a one-shot e-Health tool cannot influence complex domains

like self-efficacy unless this is used with other effective interventions. Nonetheless, the ORION

tool is unique in its style and content of delivery, i.e., translating risks combination into a clear

estimation, and will need further development such as a) integration in smartphone based e-

Health apps, and b) testing in other high-risk populations.
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Introduction

Deaths from opioid overdose have been increasing in the last decades both in the United States1

and across Europe2. Current effective measures for prevention include provision of appropriate

opioid substitution treatment (OST) with either methadone or buprenorphine3,4, as well as access

to take home naloxone5. However, increasing awareness of, and information about, overdose

risk factors has potential to support a harm reduction preventative and effective programme to

help individuals to change such dysfunctional behaviours6. This is mostly based on the

neurocognitive evidence that impaired decision-making is actually a common issue for

substance users, who show little regard for consequences and often deny or are unaware that

they have a problem (e.g.,7,8). E-Health technology may encourage behavioural changes related

to public health priorities, including those relevant to subjects with substance use disorders9. E-

Health tools may enable interventions at a population level in a variety of formats and

interventions10,11, across various substances, and for a range of populations and settings12,13. The

advantages of e-Health for people with addiction problems include accessibility and availability,

enhanced patient-clinician communication, the provision of information in an engaging manner,

the individualization of the intervention, a greater sense of privacy, and reduced stigmatization

or embarrassment about drug use14. Given the modest beneficial effects of standard overdose

prevention interventions15,16, e-Health tools might obviate some of the difficulties in

implementing preventive strategies by taking advantage of users’ propensity to use electronic

devices10.

The present study aimed to evaluate the short-term impact of an innovative e-health psycho-

educational tool providing information to opioid dependent individuals about the risk of

experiencing a drug overdose. This proof-of-concept study used a pre- post-test design carefully

considering methodological threats such as history, maturation, and regression to the mean.
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Materials and methods

The Overdose RIsk InfOrmatioN (ORION) tool

Stemming from a European Commission funded project, we aimed at developing an evidence

based risk estimation model running on a PC laptop for flexible utilisation in various clinical

settings. The tool was designed with the aim of being easy-to use and informative to both

patients and clinicians in various clinical settings, primarily focusing around overdose

prevention. We previously reported elsewhere on phase 1 (risk estimation), phase 2 (design),

and phase 3 (feasibility) of the ORION study17.

In brief, aggregate risk factors were identified through a systematic review for inclusion,

including for each a specific risk assessment question: injecting behaviour (“Do you inject

drugs?”), mixing drugs (“Are there days when you take more than one drug (including

alcohol)?”), recent (2 weeks) release from prison (“Have you recently been released from prison

or residential rehab?”), not receiving treatment (“Are you receiving some form of treatment for

taking drugs (including alcohol)?”), using drugs alone (“Have you used drugs (including

alcohol) when you were alone?”), no intervention (“Have you tried to reduce your use of drugs

(including alcohol)?”), stressful life event (“Have you had an unusually stressful life event, e.g.,

bereavement, relationship break-up, health problem?”), mental health difficulties (“Are you

suffering from a psychological condition, e.g. depression?”) , and previous overdoses (“Have

you ever been so intoxicated that you were scared of dying?”). Outputs of these factors, included

in a risk estimation model, provide a point estimate of relative risk for opioid overdose

expressed as a percentage (Fig. 1). A master document compiled in the English language, was

translated and back translated into German, Italian, and Danish, making available the tool in

different languages. The final software, besides general description and legal disclaimer,

includes visually engaging and user-friendly screens. ORION tool consists of the following
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steps: 1. Welcome screen – describing the program and legal disclaimer regarding overdose risk

estimation. 2. Demographic information – prompting the users to enter participant number, as

well as gender and age band. 3. Initial risk assessment questions – nine risk assessment

questions with drop down menus allowing the users to indicate whether or not this particular

risk factor applies to them. 4. First overdose risk feedback – displayed by a black marker placed

along a horizontal bar ranging from low to high overdose risk (0-100), which was placed against

the overdose risk of a non drug user for comparison. 5. Option to Change answers and review of

modified risk – participants were given the option to review their answers and visually inspect

how different answers are reflected in changes in the overdose risk feedback graphic (Figure 1).

Evaluation questions – three questions about the cognitive, behavioural and affective impact the

software is likely to have on the user. Each had three answer categories: not at all, a little, very

much. 6. Debriefing screen – thanking the participants and explaining that the risk feedback can

be recorded and reviewed at a later time. The ORION tool itself recorded the participants

responses to the overdose risk questions (screen 3), whether or not participants reviewed their

answers to see how this affects risk (screen 4), and which answers in particular were changed

(screen 5)18. Of course several risk factors, e.g., recent release from prison was not something

with the patient’s control. However, the patient in discussion with the responsible clinician

worked alongside each other, making clear (for example if the patient had been released recently

from prison) that he/she needed to improve his/her awareness of risk. This additional contact of

a clinical nature was supposed to have the potential (as with the other items) to create a means

by which the patient would increase his/her awareness and enable a greater sense of being able

to attend positively to these potential risk factors. We expected this increased awareness to

improve Self-Efficacy (see Measures).

FIGURE 1 ABOUT HERE
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Setting

Recruitment occurred during the same three-month period in treatment centres across four

European countries: UK, Germany, Italy and Denmark, in both in-patient and out-patient

healthcare settings (NHS Fife Addiction Services in Scotland, Essen LVR-Hospital in Germany;

Monza Regional Addiction Service in Italy and Aarhus University Hospital in Denmark,

applicants of the relevant European Commission grant awarded). Local ethical governance

approval was obtained.

Participants

A pragmatic opportunistic approach was taken, balancing the tight timeframe work packages

provided by EU funders and the need to apply through different ethical governance approval

processes. We recruited consecutive, male and female, eligible and consenting patients, aged

between 18 and 55 years, who were seeking treatment for their opioid dependence at local

clinical services. We excluded individuals with a current history of psychosis, learning

disabilities, acute intoxication and those unable to give informed consent.

Measures

Key workers supported individuals suffering from dependency issues in self-administering the

ORION e-health tool on PC laptops, on the first available clinical assessment after informed

consent was obtained. All participants were given at study entry, and after their use of the

software, the General Self-Efficacy Scale (GSE)19. This was chosen based on the Health Action

Process Approach (e.g., 20), assuming that self-efficacy pertains to a sense of control over one’s

environment and behaviour with cognitions that determine whether health behaviour change will

be initiated, how much effort will be expended, and how long it will be sustained in the face of

obstacles and failures. In particular, GSE assesses a broad and stable sense of personal

competence to deal effectively with a variety of stressful situations. Individuals may be more or

less advanced in the change process (action, maintenance and recovery), though risk perception,
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along with outcome expectancies and self-beliefs, plays a major role in this process. In the first

phase of the process, the individual does not yet act, but develops a motivation to do so.

However, GSE was considered an appropriate measure in this exploratory study to assess impact

of ORION on pre-action, perceived, self-efficacy required to overcome obstacles, to stimulate

self-motivation, and to deal with single modifiable risk-factors and overall risk score.

In addition, after ORION tool administration, three brief evaluation questions were asked. These

were designed to capture the perceived impact of the software in terms of cognition (new

knowledge) “Did you learn anything about drug overdose risk from this program?”, behaviour

(intention to change) “Is your drug / alcohol taking behaviour likely to change as a result of

using this information?” and appraisal (usefulness) “Did you find the program useful?”, and

were scored on a three-Point Likert scale (1= no; 2= little; 3= a lot). These three dimensions are

frequently used to capture the impact of healthcare interventions21, distinguishing subgroups of

users.

Data Analysis

Pre- post-ORION tool differences on GSE were first tested using paired Student T-test. Single

risk factors differences were explored using McNemar’s test, testing the difference between

paired proportions in our within-subjects design. Pre- post-ORION GSE were also explored, by

main socio-demographic and clinical characteristics, providing summary statistics (mean and

SD). In addition, we investigated differences in post-ORION self-efficacy in terms of perceived

impact on the three dimensions considered (cognition, behaviour, and appraisal). Furthermore, a

linear mixed-effects model was implemented, evaluating pre- /post-ORION administration

difference on GSE and the role of ORION risk factors, in terms of relevant number carried by

single subjects, controlling for age and gender. Furthermore, since within-country scores might

be correlated, with no independent residuals, we adjusted also for country-clusters.
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Results

We recruited 194 opioid dependent individuals (UK, N=39, Germany, N=99, Italy, N=40 and

Denmark, N=16), of whom 155 were receiving outpatient (predominantly opioid maintenance)

and 39 inpatient treatment. The average age of participants was 38.8 (SD=7.9) years, and 86%

of them were male. Due to missing values in several items on baseline GSE and risk assessment

questions, total scores were not available for 23 subjects, who were excluded from the analyses.

Furthermore, a small number of subjects (about 10%), mainly from the UK, dropped-out during

the ORION tool administration. These individuals were generally younger (p=0.008), with a

higher number of overdose risk factors (p=0.003), and showed, on available items, lower

baseline GSE scores, as compared with people with complete follow-up data, mean (SD): 26.5

(3.6) vs. 28.5 (5.5), respectively (p=0.048).

Summary statistics for Pre- and Post-ORION GSE scores by demographic, risk burden and

impact characteristics are shown in Table 1.

We found comparable pre- and post-ORION administration mean GSE scores (SD), regardless

of pre-ORION risk level, distinguished in low (0-2), medium (3-5), and high (>5) as assessed by

ORION.. Furthermore, as regards impact of ORION, about a half of individuals reported that

they learnt at least a little about drug overdose risk (51%), and perhaps they might change their

drug / alcohol taking behaviour because of using this information (43%). In addition, the

majority of individuals considered the ORION programme as useful (little 56%, and very 26%,

useful, respectively). However, no univariate statistically significant difference was found in

self-efficacy average scores across subgroups by impact on different dimensions (New

knowledge, Intention to change, and Appraisal). Exploring single risk factors, we found that

those which benefited more from the ORION tool administration were mixing drugs and using

drugs alone, both significantly (p<0.001) reduced as assessed by ORION. Furthermore,
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evaluating the effect of each of the risk factors, despite longitudinal mean differences, none of

these significantly influenced the pre-post variation in the GSE scores.

TABLE 1 ABOUT HERE

A linear mixed-effects model exploring the influence of ORION administration on GSE and the

role of the number of reported overdose risk factors, adjusted for country clusters, age and

gender, showed no difference (Table 2). The number of overdose risk factors carried by the

single individual was confirmed at multivariable analysis as associated with self-efficacy, with a

higher number of risk factors resulting in a decreased GSE score.

TABLE 2 ABOUT HERE

Discussion

We explored the beneficial impact of a novel e-Health tool for opioid overdose prevention in a

sample of subjects in treatment in four different European countries. We had already reported

that this tool is user friendly and carries potential advantages17. We failed to find any difference

in the main outcome measure chosen, i.e., self-efficacy, in the overall sample, after individuals

used the ORION tool. Nonetheless, participants reported a positive impact of the tool in terms of

new knowledge, intention to change, and usefulness. The ORION tool seems thus able to have

an impact on more specific outcomes and sensitive measures for risk-communication research21.

However, the number of risk factors, as explored by the tool, and carried by the single

individual, emerged as an important predictor of poor self-efficacy both before and after ORION

administration. It could thus be argued that ORION is certainly able to identify subjects who are

most in need of reducing their modifiable risk factors with appropriate interventions. However, a
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one-shot e-Health tool cannot influence complex domains like self-efficacy22, involving a broad

and stable sense of personal competence to deal effectively with a variety of stressful situations.

Monitoring modifiable risk factors in routine periodical assessments may be more effective to

encourage behavioural change if individual characteristics are taken into account, since these are

likely to influence the mediating construct of ‘readiness to change’23. It will therefore be

important for the further improvement of the tool to develop comprehensive training to assist

potential users (both professional staff and service users). This will highlight the risk assessment

with example scenarios and give advisory instructions to assist uptake of the vitally important

messages that reside within the engagement of the ORION tool, considering patients bargain

with themselves to achieve what they consider an appropriate balance of risk24. The advantage

of the ORION tool may be, with repeated use with a patient, that this balance is re-calibrated to

achieve an acceptable risk level25, focusing feasible treatment programmes towards modifiable

characteristics11.

We acknowledge several limitations. First, our risk estimation model for opioid overdose was

built on scientific literature evidence; hence, we lose specificity in terms of local

sociodemographic predictors, although generalizability is increased as based on the rigour of

selected studies.

In addition, as the ultimate goal of the model is to predict opioid overdose risk from a collection

of risk factors, we have to acknowledge that some of these may be unknown for some users.

Furthermore, our model shows final point estimates of risk in percentage (e.g., 90% “high”).

Although this may be useful in decision-making analysis, these numbers by themselves, without

confidence intervals, may create a false sense of certainty26, and need to be considered with

caution. In addition, we cannot rule out a Hawthorne observer effect, considering that

participants knew their behaviour was being tracked. Of course, it would have been a better

strategy considering specific elements of self-efficacy, with scales of perceived self-efficacy tailored to
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the particular domain27. However, ORION was not able to introduce extensive assessment instruments

because it was being applied in a clinical and demanding setting, and in four different countries using

different languages. Finally, this proof-of-concept study lacks of a control group. This limitation

is not unusual in e-Health interventions28. Nonetheless, pre-post design possible flaws were

sufficiently addressed since it is unlikely that participants can experience different

contemporaneous effects of other informative sources (history) or can mature during such a

limited amount of time (maturation)29. However, we cannot exclude test effects, attributable to

factors such as participants remembering questions or the questions raising awareness and

triggering learning after the pre-test. Finally, since we did not find any pre-post difference, and

we did not select participants on the basis of an extreme pre-test score, it is unlikely a regression

to the mean phenomenon30.

Despite all these limitations, the ORION e-Health tool, available for free download at

http://orion-euproject.com/download-software/, underlines the importance of a friendly,

evidence-based intervention aimed in obtaining reliable evaluation of overdose risk. It supports

a decision making process aimed at influencing the substance users’ self-efficacy and

understanding of risk factors. The unique characteristics of the ORION tool, along with its IT-

based nature, consist in translating risks combination into a clear estimation. This is likely to

make the user more interested in his/her modifiable risk factors. Future work will need to

consider the use of this e-Health tool also in terms of ecologic validity. This would imply

different approaches according to chosen dissemination strategies. Clinicians could actually

suggest repeated use of ORION to high-risk opioid dependent subjects, although the integration

of this component in standard treatment programs needs to be considered31. Alternatively, viral

advertising also using existing social networking services could motivate users, self-selecting to

use this e-Health tool. This could benefit from integration in other platforms than a laptop
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device, for example smartphone based e-Health apps, which would make the tool even more

user-friendly and appealing13.
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Figure legends

Figure 1. Overdose risk questions
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