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Pharmacological treatment of attention deficit hyperactivity disorder (ADHD) is challenging due to a wide age span among patients, risk of reduced adherence, and comorbidities like psychiatric disorders and drug addiction. Drugs used for ADHD are associated with risk of interactions and adverse drug reactions due to their potent pharmacological effect. In this brief report we aimed to describe real-world problem areas concerning interactions in pharmacotherapy of ADHD. We reviewed questions to a Norwegian drug information center from physicians concerning drug-drug interactions involving ADHD drugs in the last 10-year period. Questions were retrieved by a combination of indexed and Boolean database searches, in addition to manual inspection. ADHD drugs and interacting drugs were defined according to the Anatomical Therapeutic Chemical (ATC) classification system. Interactions were classified by use of Stockley’s Interactions Checker (SIC). Answers were examined with regard to whether the advice from the drug information center was more restrictive, similar or more liberal than SIC when assessing drug combinations. We retrieved 61 questions that included assessment of 96 drug combinations, and found 33 potential interactions according to SIC. Methylphenidate was involved in more than 50% of the interactions, and interacting drugs were in nearly 70% of the cases from ATC-group N (Nervous system) with antidepressants most frequently involved. Seventy percent of the interactions were pharmacodynamic, and interactions were frequently described as potentially severe although they were based on theoretical evidence. All the 33 interactions could be handled with monitoring or adjusting dose or with informative measures, and none was contraindicated according to SIC. More than 90% of the questions came from physicians in hospitals or outpatient specialist practice, and questions mainly concerned adults. In 75% of the drug combinations that involved ADHD drugs, we found similar advice from SIC and the drug information center. Our results suggest that future drug information efforts in ADHD treatment to clinicians, including specialists in the field, should focus on psychotropic interactions.
Keywords: attention-deficit hyperactivity disorder, interactions, physician, clinical, drug information centers
INTRODUCTION
Attention-deficit hyperactivity disorder (ADHD) is recognized as the most common behavioral disorder among children (Pastor et al., 2015; Thomas et al., 2015; Mahone and Denckla, 2017).
ADHD is diagnosed during childhood or adolescence, but symptoms can still be present in adults (Franke et al., 2018). The worldwide prevalence of ADHD is estimated to be 5.9–7.1% in children and 5.0% in adults (Willcutt, 2012). Children and adults with ADHD have frequently psychiatric comorbidity (Kraut et al., 2013; Sikirica et al., 2013; Katzman et al., 2017; Mac Avin et al., 2020). In children oppositional defiant disorder and conduct disorder are the most prevalent comorbid conditions. Substance use disorders become a problem during adolescence and even more so in adulthood. In adults, mood, anxiety and personality disorders as well as somatic diseases are included in the comorbidity pattern (Franke et al., 2018).
Pharmacological treatment is recommended for controlling ADHD symptoms (Banaschewski et al., 2018; Canadian ADHD Resource Alliance, 2018; National Institute for Health and Care Excellence, 2018). Drugs used for the treatment of ADHD are classified as psychostimulant drugs (methylphenidate and amphetamine derivatives) and nonpsychostimulant drugs (atomoxetine, guanfacine, clonidine). Pharmacological treatment of ADHD is challenging due a wide age span among the patients, risk of reduced adherence, and comorbidity. Pharmacoepidemiological data shows a trend favoring polypharmacy for the treatment of ADHD (Wu et al., 2018). A current concern is that the existing literature on interactions of ADHD drugs is limited (Schoretsanitis et al., 2019).
In this brief study, we aimed to describe real-world problem areas concerning interactions in pharmacological treatment of ADHD by reviewing questions to a Norwegian drug information center. We aimed to determine if questions concerned children or adults, as well as workplace of the physician. Furthermore, we described type of drugs, type of interactions, and classification of action, documentation and severity of the drug combinations. We also wanted to investigate whether our answers provided more restrictive, similar or more liberal advice than a recommended drug interaction database. A motivation for the study was to identify areas of problem to be targeted in future drug information efforts toward clinicians.
METHODS
Material
Regional Medicines Information and Pharmacovigilance Centers (RELIS) is a Norwegian network of drug information centers providing decision support to health care professionals (e.g., physicians, pharmacists, nurses) in four health regions. The centers are associated with clinical pharmacology units in regional university hospitals, and the staff includes pharmacists and physicians with expertize in searching and critical appraisal of literature (Schjøtt, 2017). RELIS store indexed question-answer pairs (Q/As) in a full-text, searchable database (Schjøtt et al., 2012). The Q/As are indexed with occupation (e.g., physician, pharmacist) and workplace (e.g., general practice, hospital) for each inquirer. The database contains a simple search function where a drug (e.g., methylphenidate), or category (e.g., interactions) or an individual RELIS center (e.g., RELIS Vest) is entered. Simple searches can be combined with Boolean operators (AND/OR/NOT) in the database. Questions to RELIS are short clinical narratives that explain the clinical background for a question, and physicians often ask for assessment of several drug combinations in a question. We often observe that different physicians ask about the same drug combinations within a pharmacotherapy area.
Search
We performed a search of Q/As that involved drugs for ADHD. Drugs were classified according to the Anatomical Therapeutic Chemical (ATC) classification system (WHO, 2016), and included N06BA01 (amphetamine), N06BA02 (dexamphetamine), N06BA04 (methylphenidate), N06BA09 (atomoxetine), N06BA12 (lisdexamphetamine), C02AC02 (guanfacine), and N02CX02 (clonidine). The ATC-codes are searchable in the RELIS database. Notice that clonidine has an additional ATC-code; C02AC01 (C02 Antihypertensives). The search was further limited to questions posed by physicians, indexed with the category interactions, and questions received by one regional drug information center (RELIS Vest). Due to privacy issues, the questions can be slightly edited before they are stored and made public in the RELIS database. The restriction to RELIS Vest gave us the possibility to examine the exact words of the original question in our local archive. Q/As from a 10-year period (01.07.2010–30.06.2020) involving specific drugs (not drug groups) associated with treatment of ADHD and various comorbidity were included. The search strategy is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Search for questions concerning ADHD drugs and interactions in the database of the Regional Medicines Information and Pharmacovigilance Centers (RELIS) in Norway. Drugs were classified according to the Anatomical Therapeutic Chemical (ATC) classification system (WHO, 2016), and included N06BA01 (amphetamine), N06BA02 (dexamphetamine), N06BA04 (methylphenidate), N06BA09 (atomoxetine), N06BA12 (lisdexamphetamine), C02AC02 (guanfacine), and N02CX02 (clonidine). Notice that ATC-codes and generic names, categories (e.g., interactions, adverse effects) and a particular RELIS center (RELIS Vest) are indexed and searchable in the database that also include Boolean operators (e.g., AND, OR, NOT).
Protocol
The material from the search strategy was subjected to a pilot where two of the authors (JS, KH) randomized (www.randomizer.org) 10 Q/As for preliminary inspection and classification, and compared the results. The pilot Q/As were subsequently included in the study material, and a final protocol that involved all four authors was developed.
We described the unique question number to RELIS Vest, the year the question was received, age group of an individual patient (younger or older than 18 years, or unknown age), workplace of the inquirer (hospital or outpatient specialist practice, general practice or other), the ADHD drug or drugs (see above) in the question, and potential interacting drugs (according to the ATC-system). Due to expectations of a limited material, we did not perform more elaborate comparisons, and data was summarized with knowledge that it involved repetitions of drugs, drug combinations and interactions.
Interactions were classified and ranked with Stockley’s Interactions Checker (Stockley’s Interaction Checker, 2020). Stockley’s Interactions Checker (SIC) provides consistent albeit briefer information on drug interactions compared to Stockley’s Drug Interactions, and describes classification of the clinical relevance of a drug interaction. A clinically relevant interaction in SIC is classified with the following three categories: recommended action, severity, and documentation. In SIC, the recommended action for a clinically relevant interaction is either “informative”, “monitor”, “adjust dose”, or “avoid”. Recommended action for a clinically relevant interaction in the present study was defined by collapsing “monitor” and “adjust dose” into the following three levels (from low to high); “informative”, “monitor or adjust dose”, or “avoid”. In the present study, severity was classified (from low to high) as “mild”, “moderate” or “high” in concordance with SIC. Documentation in SIC is classified with four levels; “theoretical”, “case”, “study” or “extensive”. “Extensive” is an option for documentation of interactions where the information provided is based on numerous small or medium size studies or several large studies usually supported by case reports (Stockley’s Interaction Checker, 2020). Documentation of a clinically relevant interaction in the present study was defined by collapsing “study” and “extensive” to acquire the following levels (from low to high); “theoretical”, “case”, or “study”. The first ranked interaction for each drug pair was defined by the following hierarchy of categories and levels; recommended action (avoid > monitor or adjust dose > informative) > documentation (study > case > theoretical) > severity (severe > moderate > mild). The order of the categories was based on our experience that many interactions may be described as potentially severe, but recommended action (e.g., contraindicated) and documentation (study) is of more importance when providing drug information. Each interaction was defined as either pharmacodynamic or pharmacokinetic based on the description in SIC. Only one interaction was chosen from each drug pair although several interactions can be mentioned in SIC. Thus, if a pharmacokinetic interaction contained an additional description of a pharmacodynamic interaction that could not be explained by a change in plasma level of one or both drugs, the interaction was defined as pharmacokinetic.
The number of ADHD drugs, the number of drug combinations assessed and the number of interactions found in SIC were summarized. Answers were also examined with regard to whether the advice from RELIS Vest concerning the interactions included a different advice (more restrictive, similar, more liberal or not definable) than SIC.
Statistics
Descriptive statistics was performed with SPSS version 26 (IBM Corp, Armonk, NY).
RESULTS
The RELIS database contained 51 588 Q/As at the end of June 2020, and RELIS Vest at this point of time had answered and indexed 14 305 of these. One hundred and forty-nine of the Q/As to RELIS Vest were associated with ADHD drugs, and 111 (74%) were from the last ten years (July 1, 2010–June 30, 2020). The number of Q/As included according to the protocol was 61 (Figure 1).
Table 1 shows characteristics of the questions that were received in the last 10-year period. The majority of the 61 questions concerned patients older than 18 years, and came from physicians in hospital or outpatient specialist practice. Only five questions came from general practice. Table 2 shows that the 61 questions concerned assessment of 96 drug combinations that included one or two ADHD drugs, with methylphenidate most frequently involved. The 96 combinations assessed involved 96 potentially interacting drugs (several drugs repeatedly assessed), and nearly 70% of the interacting drugs belonged to ATC group N (Nervous system). The most frequent enquired interacting drugs were bupropion and topiramate, which were assessed five times. Within group N, antidepressants was the most frequently assessed subgroup of drugs. Five out of eight drugs assessed three times or more were antidepressants. Three questions included assessment of combinations where two ADHD drugs were involved.
TABLE 1 | Characteristics of questions concerning ADHD drug interactions.
[image: Table 1]TABLE 2 | Characteristics of drugs in questions concerning ADHD drug interactions.
[image: Table 2]Table 3 shows that 33 interactions were found (according to SIC) among assessment of 96 drug combinations found in the material. Seventy percent of the interactions were pharmacodynamic. Monitor or adjust dose was the most frequent action, documentation was mostly theoretical, but the majority of interactions were described as potentially severe. In 70 of 96 (75%) drug combinations that involved one or two ADHD drugs, we found similar advice from SIC and RELIS Vest. In 13 drug combinations (14%) RELIS Vest was more restrictive, and in 11 drug combinations (12%) more liberal than SIC. If drug combinations that gave no interaction in SIC were selected, we found 50 of 63 (79%) drug combinations with similar advice.
TABLE 3 | Characteristics of interactions in questions concerning ADHD drug interactions.
[image: Table 3]DISCUSSION
This review of real world questions concerning clinical drug interactions in ADHD treatment from physicians in Norway, showed an association of need of decision support with prescribing of combinations of psychotropic drugs. A majority of the questions came from specialists in the field, and often concerned treatment of adults with ADHD.
A majority of the potential interactions with ADHD drugs in this study was classified as potentially severe in SIC, but the interactions were usually based on theoretical evidence. Two of the five criteria identified by an expert panel assessing important interactions were the evidence and clinical implications or management burden, defined as the course of action a clinician may have to take for each potential interaction (Phansalkar et al., 2013). Thus, documentation and handling are important elements in assessment of interactions. Only seven (12%) of 58 psychotropic drug interactions had evidence from studies with a sample size of more than 100 patients according to a recent study (Nguyen et al., 2020). The possibility to detect consequences of an interaction is important as it relates potential risk of adverse effects to individual patients. Integration of drug interaction databases in dispensing software and computerized clinical decision support systems is prevalent today (Kongsholm et al., 2015). However, the interaction analysis is usually categorical, and the immediate presentation of action and severity in the interaction analysis can be potentially misleading when the description is based on theoretical evidence.
The majority of the interacting drugs in this study involved drugs from ATC-group N (drugs that affect the nervous system). This finding was not surprising since psychotropics are frequently used by patients with ADHD due to comorbidity (Kraut et al., 2013; Sikirica et al., 2013; Mac Avin et al., 2020). However, increasing psychotropic polypharmacy among children and adolescents with ADHD has been reported (Winterstein et al., 2017; Wu et al., 2018). A retrospective cohort study found that nearly 40% of children enrolled in Kentucky Medicaid, US, were exposed to psychotropic polypharmacy (Lohr et al., 2018). The most frequent psychotropic drugs in question in the present study were antidepressants. Other authors have observed that co-prescription of stimulants and antidepressants represents the most frequent therapeutic regimen in patients with ADHD (Winterstein et al., 2017).
Psychotropic polypharmacy is a clinical challenge when the current literature on interactions of ADHD drugs is limited (Schoretsanitis et al., 2019). Our questions showed that drug combinations often involve potential interactions that are pharmacodynamic and based on theoretical evidence. Compared to pharmacokinetic interactions, which can be monitored and dose adjusted, pharmacodynamic interactions often lack specific advice concerning stratification to age, gender and dose (Schjøtt et al., 2020). Furthermore, lack of consensus among databases with regard to evidence and handling of drug interactions is common (Schjøtt et al., 2020).
We found several cases of different advice between RELIS and SIC when assessing drug combinations irrespective if classified as an interaction or not. This comparison is of course limited due to the fact that SIC is used as a source when interactions are assessed by RELIS. However, RELIS always consult several sources and use our expertize to provide decision support with regard to interactions. An illustrating example was lack of any interaction between rituximab and methylphenidate or lisdexamphetamine in SIC, where RELIS mentioned implications of immunotherapy combined with ADHD treatment with risk of infections and risk of downregulation of drug metabolizing enzymes. Another example was a question where SIC found interaction between methylphenidate and nortriptyline (pharmacokinetic) and interaction between atomoxetine and nortriptyline (pharmacodynamic) where RELIS found that when nortriptyline is used for treatment of pain in a low dose the respective combinations can be used.
Questions to RELIS are spontaneous, and do not necessarily represent drug problems perceived by the general population of health care professionals. However, a majority of the questions came from experienced specialists in ADHD treatment, and frequently concerned individual adult patients. Adult patients with ADHD are expected to have more comorbidity than children, with increased risk of polypharmacy. A multinational study from five Nordic countries showed that co-medication with other psychotropics were common among adults and increased with age. Adults now constitute about half of the individuals using ADHD drugs in the Nordic countries according to prescription register data, and methylphenidate is the preferred ADHD drug (Karlstad et al., 2016). However, the diagnosis of ADHD among adults is controversial (Shah and Morton, 2013), and the long-time safety and efficacy of ADHD drugs are insufficiently studied in adults (Volkow and Swanson, 2013). Treatment of patients with ADHD irrespective of age can be particularly challenging with clinicians ending up prescribing multiple medications with risk of interactions (Childress and Sallee, 2014). If treatment of ADHD is ineffective and remaining symptoms are treated with additional drugs that induce drug interactions, this might be a reason for concern.
The material in this study is naturalistic and descriptive with risk of biased interpretation. Notably, the interaction analysis in SIC was performed in 2020 although the questions to the drug information center is from a 10-year period. It is difficult to perform meaningful comparisons due to the small size (e.g., more frequent questions about methylphenidate and bupropion concerning adults vs children with ADHD?). We are only informed about the drugs mentioned in the questions, but the patients could be using even more. We also lack complete clinical background with description of comorbidity. Interactions between other drugs than for ADHD were found, but are not described here. However, the possibility to process unstructured textual data, from for example suspected adverse drug reaction (ADR) reports, medical literature, electronic health records, and social media, is of current interest in pharmacovigilance (Ventola, 2018). Our results could be complementary to more systematic retrospective research materials, and they can be used to formulate hypotheses to be tested prospectively. Questions reflect perceived problems from health care professionals that could not be solved by other drug information sources (e.g., monographs, colleagues), and differ in this respect to ADR reports based on suspicion. Thus, we believe that it is possible to propose targets for regional and national drug information efforts from our data.
We conclude that future drug information efforts in ADHD treatment should focus specifically on psychotropic interactions with a motivation to reduce polypharmacy.
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