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INTRODUCTION

We read with great interest the review article by Kakko et al. (1), which focused on the opioid use disorder-related craving. A recent review also discussed underlying neurobiological changes in opioid use disorder (OUD) that likely contribute to drug craving (2). However, how to assess the craving in clinical practice is challenging. Here, we would like to present the recent developments and briefly introduce our work on objectively assessing craving.


Current Practice of Evaluating Drug Addiction Cravings and the Limitations

Craving is the central concept of almost all major drug dependence models (3–7). In the International Classification of Diseases [ICD-11 (8)], craving is listed as one of the six characteristics of psychoactive substance dependence. In DSM-5 (9, 10), craving has once again become the recommended standard for diagnosing substance use disorder (SUD).

Current craving assessments are often accomplished through self-reports and observations of cognitive performance (11).

Despite the development of several psychometrically validated multi-item craving inventory tools (12, 13), self-reported cravings are still most commonly evaluated using a single item craving inventory (11). Since the intensity, latency, frequency, and significance of craving episodes may vary (14), self-reported assessments may have difficulty in reflecting true differences of cravings among patients (15). In daily clinical experiences, denial is one of the typical responses when we ask patients with alcohol and drug problems for their addictive behaviors, and in certain situations, for instance, in order to gain acceptance from family members, or gain enough trust to seek drugs privately, patients may conceal the true level of cravings.

Cognitive performance tasks are used to implicitly assess cravings (6, 16), based on the assumption that craving leads to the redistribution of cognitive processing resources and shifts that to drug-related cues (6). Therefore, facing the drug-related cues at a certain intensity, people with different intensities of drug addiction cravings would show different cognitive performances. Through recording cognitive performance parameters (e.g., the reaction time), it could reflect the situations of redistribution of cognitive processing resources, and therefore indirectly reflect the related craving. This indirect assessment method may avoid subjective bias (15) and may help to understand how craving changes perceptions and decisions. However, it is very challenging to implement in clinical practice (11, 12).

Kakko et al. (1) also mentioned using ecological momentary assessments (EMA) to assess cravings (17, 18). EMA uses mobile technology to record a real-time (including daily, random, or event-triggered) cravings (17–20). However, EMA only improves the understanding of craving-related time fluctuations (17, 18), but fail to improve craving assessment itself.



Current Approach of the Assessment of Induced Cravings and the Limitations

In addition to Background cravings (7), cravings can also be induced through specific drug-related prompts or stressful life events (7). Most craving-inducing studies use the cue-reactivity paradigm (7), in which drug users respond differently to drug-related cues, in contrast with neutral cues, resulting in changes in brain activity related to the degree of craving (7).

The way to induce cravings at present depends mainly on the contents of pictures or videos. Although related to drug-seeking behavior and successfully induced cravings, they may not trigger reactions representing the real social or environmental cues (21), of which studies have shown that the treatment requires intervention (21).



New Approach to Evaluating Drug Addiction Cravings With New Technology

Our research team has designed the VR paradigm (22, 23) to improve the way to induce cravings, which can simulate the real world with the implicit cue, rebuild specific environments and characters, and allow certain social immersion and interaction, as well as the balanced drug-related cue and neutral stimuli. By technically arranging the sequence of stimuli and social interactions in the scenes, an effective evaluation experimental paradigm is formed.

Our results showed that the effects of different cues are related to the types of drug dependence, and VR stimulation could cause a higher level of cravings than the traditional picture and video stimulations, consistent with previous findings (14, 24). Through different types of induced stimuli, specific incentives for craving can provide a valuable therapeutic reference for clinical consultation and treatment.

During VR stimulation, we recorded several physiological parameters, including electroencephalogram (EEG), galvanic skin response, and heart rate (22, 23). We employed machine learning methods to analyze these physiological data to distinguish drug-dependent individuals from normal controls (22, 23).

We used machine learning algorithms, including random forest, AdaBoost, logistic regression, and ensemble model to build classification models (22, 23). The most striking findings were that the highest classification accuracy of 86% was obtained by the AdaBoost algorithm, with 84% precision, 83% recall rate, and 83% f1 score (23). Our results show that compared with traditional statistical methods, machine learning has advantages in processing massive and complex physiological data, which helps identify features that can distinguish different populations.




DISCUSSION

The level of craving is unstable and affected by multiple factors and changes along with the internal and external environments over time, while the patient's dependent state is relatively stable. Thus, it is possible to find stable biomarkers reflecting a patient's status related to dependence rather than reflecting the real-time craving level. This is urgently needed for clinical practice, not only for objective diagnosis and severity of dependence but also to be used as an early sign for relapse.

Because of the complexity of mental illnesses such as addiction, the traditional research methods based on reductionism were limited and overwhelmed (25). The emergence of new technologies, such as machine learning, has made holistic research possible in this field. The previous reductionist studies are hypothesis-driven; that is, they explore the regularity based on a relatively clear hypothesis. Such studies often focus on specific mechanisms, and the results are highly explanatory, while machine learning studies are driven by holistic data. Through in-depth mining of overall data, machine learning studies could provide more detailed results and new directions, although the interpretability is sometimes poor.

The advantage of the holism method should be considered with the help of multidisciplinary forces and high-level technology, such as biophysics, non-linear computing, and machine learning. Using holism methods to find the regularity first and then exploring the specific mechanism may be a promising solution. We developed a model that could accurately distinguish drug-dependent individuals and normal controls by using machine learning algorithms, obtained potential key biomarkers of the dependent state, and achieved some promising results (26).

At the same time, we explored the correlation between the probability results of machine learning algorithms and some other clinical indicators, including not only the subjective craving inventory score but also drug use-related indicators, such as drug use duration, dosage, and frequency. Since the correlation could be intricate, we track and analyze most of the relevant indicators. Even though the research may not yield satisfying results in the short term, using machine learning to classify the population is meaningful in itself and provides a direction for further exploration of the biological nature of dependence and addiction.
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