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Abstract

:

The collection of family health history (FHH) is an essential component of clinical practice and an important piece of data for patient risk assessment. However, family history data have generally been limited to diseases and have not included medication history. Family history was a key component of early pharmacogenetic research, confirming the role of genes in drug response. With the substantial number of known pharmacogenes, many affecting response to commonly prescribed medications, and the availability of clinical pharmacogenetic (PGx) tests and guidelines for interpretation, the collection of family medication history can inform testing decisions. This paper explores the roots of family-based pharmacogenetic studies to confirm the role of genes in these complex phenotypes and the benefits and challenges of collecting family medication history as part of family health history intake.
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1. Introduction


The use of family health history (FHH) data has experienced a resurgence of sorts with the development of electronic medical records, clinical decision supports, and patient portals facilitating the collection and utilization of this valuable information [1]. Alone or in combination with genetic or genomic technologies, FHH is an important tool in health risk assessment for both genetic (single gene) diseases and common, complex diseases [2,3,4,5,6,7]. Perhaps overlooked due to the predominant focus on disease risk assessment, family history can also inform therapeutic decisions. Indeed, FHH played a critical role in defining the genetic etiologies of response to medications in the early days of pharmacogenetic (PGx) research. Thus, with the substantial number of known pharmacogenes, many affecting response to commonly prescribed medications, the inclusion of family medication history in FHH can inform PGx testing and treatment decisions. This paper explores the roots of family-based PGx studies to identify genetic causes of drug response and considers the benefits and challenges of collecting family medication history as part of family health history intake.




2. A Quick History of Family Health History & PGx


As today’s FHH intake primarily focuses on diseases and risk assessment, other health outcomes such as drug response have not received the same recognition but may benefit from consideration within the family health history intake process. Historically, the study of families was instrumental to deciphering the role of genes in drug response, which, in some instances, informed treatment decisions. While adverse responses to foods and medicines have been documented for centuries, the recognition of the importance of FHH was demonstrated by Sir Archibald Garrod and his study of families with inherited biochemical disorders. His prescient work in biochemical genetics also recognized individuals’ different responses to pharmacological treatment [8].



With discoveries of Mendelian-like adverse drug responses in the mid-1900s, FHH continued to be a key part of studies to ascertain the role of genetic factors. For example, the early use of isoniazid in tuberculosis patients demonstrated a bimodal pattern of metabolism (Biehl 1957, 1958). Multiple family studies soon confirmed the genetic cause of the slow/rapid rates of isoniazid metabolism. Knight et al. (1959) published their analysis of 91 individuals from 20 families, concluding an autosomal recessive inheritance pattern [9].



At about the same time, other researchers were studying the enzyme pseudocholinesterase. In 1956, Lehmann and Ryan [10] studied five families with prolonged apnea following suxamethonium treatment and demonstrated differences in pseudocholinesterase activity. The final sentence of their conclusion reads as follows: “It now seems to us that not only should every patient who has a prolonged apnea after suxamethonium be examined for a lowered pseudocholinesterase level, but that his relations should be investigated as well.” Following Lehman and Ryan’s family studies, Kalow and Staron [11] shortly thereafter published their work confirming heterozygous and homozygous family members with respect to enzyme activity levels (Kalow reflected that his desire for more data from families resulted in his team getting scooped [12]). In 1960, Evans et al. [13] analyzed 267 individuals from 53 families and confirmed the recessive mode of inheritance of pseudocholinesterase levels.



In yet another example in 1960, a case report was published of a young male patient in Australia who was scheduled to undergo surgery for a compound fracture of the tibia and fibula [14]. The patient expressed concern about the use of general anesthesia due to several deaths of family members following surgery. An extensive analysis of the proband’s family history confirmed the use of ethyl chloride and ether in 10 family members in two generations who had died following surgery [15]. A dominant mode of inheritance was predicted with the possibility of incomplete penetrance. In 1990, the gene responsible for malignant hyperthermia was discovered, though family history remains a key step in the discovery of new variants and a key predictor of malignant hyperthermia risk [16,17,18,19]. Similarly, the genetic role of adverse responses to anti-depressant treatments was demonstrated through family-based studies [20,21,22]; and in more recent years, twin studies have confirmed the genetic contribution to most drug responses [23,24].



Today, the clinical use of whole genome and whole exome sequencing continues to expand for disease diagnosis and risk assessment, yet its role and value, alone or in combination with FHH, has not been unequivocally demonstrated. In a study of 1750 healthy Singaporeans that had both a high-quality FHH and whole genome sequencing, FHH information defined the cancer-related clinical care strategy in 98% of participants [25]. Specifically, combined whole genome and FHH identified an increased risk in only 1.5% of participants (no increased risk observed in 89.5% of participants). In this setting, the FHH overwhelmingly determined risk management strategies, with only about 2% of participants identified at increased risk based on genome sequencing not predicted by FHH. Another study of sequencing of patients at risk of autosomal dominant polycystic kidney disease reported a higher rate of a positive sequencing result in those with a family history (91.3%) to those without (50.6%) [26]. Patients undergoing whole exome or genome clinical sequencing currently have the option to receive secondary results for only two pharmacogenes (RYR1 and CACNA1S—both related to malignant hyperthermia) [27].




3. Expanding Family Health History to Include Family Medication History


Despite the well-documented role of inheritance of adverse events for select drugs, family medication history is not typically included as part of the standard FHH intake. In 2016, Smith et al. suggested that family medication history be collected and utilized to inform decisions about PGx testing [28]. Medication histories are often taken by a pharmacist, often as part of medication therapy management, including the patient’s history of and current medication use. However, expansion of FHH to include family medication history regarding drug efficacy and adverse drug reactions from three generations could improve therapeutic clinical decision-making and/or if PGx testing is warranted [28,29,30]. Examples include venous thromboembolism where a family history alters the risk/benefit balance in the decision to prescribe oral contraceptives [31,32], opioid-adverse events where a family history can alter the choice and dose of opioid prescribed [33], and vancomycin-induced drug reactions with eosinophilia and systemic symptoms syndrome [34]. The recent attention and improvement in tools to collect and utilize FHH provides a timely opportunity to include family medication history.



Despite its potential, establishing broader PGx testing continues to be limited. A family medication history may indicate a need for PGx testing to confirm an increased risk of adverse events or non-response to certain medications. Family history of Stevens-Johnson syndrome [35] can inform decisions to undergo pre-emptive PGx testing prior to initiating anticonvulsant medications. In addition, as with diseases, cascade testing of family members of those identified with a PGx susceptibility can be a useful adjunct to clinical paradigms [36,37].



There are some specialties and clinical scenarios in which medication history is typically collected. For example, psychiatrists collect a medication history during a new patient visit to understand their prior drug experiences. This information can then be used to inform future treatment decisions, with the goal of avoiding both ineffective medications and adverse events [38,39]. Other specialties that prioritize a detailed medication history are: obstetrics during the first prenatal visit to ensure teratogenic and other medications dangerous to embryonic and fetal development are withheld; oncology given the significant toxicities of most chemotherapeutic drugs; and both nephrology and hepatology since dysfunction of these organs dramatically alters drug metabolism and excretion. Outside of specific specialties, all physicians that prescribe certain systemic medications with narrow therapeutic indexes and high-risk drug-drug interactions collect a detailed medication history [40]. Additionally, providers may benefit during the collection of a family medication history by enhancing their understanding of family experiences with, or attitudes towards, medications that ultimately may influence patient medication compliance behavior. One study reported that family medication history was associated with pediatric use of supplements [41].




4. Discussion—Challenges to Clinical Implementation


Some challenges should be considered when expanding FHH to include family medication history. It has been well-documented that FHH is under-utilized for a variety of reasons [42,43,44,45] and thus, suggesting collection of further information may not be feasible. In particular, evidence suggests that FHH is under-reported [46,47,48,49,50] and potentially inaccurate or incomplete [51,52,53], with patient recall, sharing, and communication impacted by multiple factors including unawareness, differences in knowledge of maternal vs. paternal family histories, patient gender, degree of relatives, and cultural factors [54,55,56,57,58,59,60,61,62].



Discrepancies between self-reported medication history and prescription history in the medical record have been demonstrated [63,64], highlighting patient unawareness, confusion, and poor recollection [65]. Additionally, patient reporting of adverse events has been reported to be low [66]. Reconstruction of a patient’s medication history from the medical record, if feasible, is likely to be time-consuming and incomplete [67]. Some inconsistencies in patient reporting of current adverse drug responses have also been reported due to difficulty with attribution regarding multiple medications and poor recall [68]. Although it is unclear whether the same challenges will be true for family medication history and knowledge of adverse drug reactions in family members, there are several reasons to believe that it may actually be more difficult. First, medication names can be more difficult to recall than disease names and knowledge of adverse events may not include knowledge of the specific medication. Second, the pace of FDA approval for novel medications and classes of medications has been rapidly increasing over the last 50 years, and many medications available today were not available for earlier family generations. Third, determining whether a symptom is in fact a medication-induced adverse event is often difficult to determine. Lastly, as with diseases, patient recall may be biased toward more serious adverse events or poor outcomes related to lack of efficacy or serious reactions.



There has been limited evaluation of the possible solutions that could enhance uptake and accuracy of FHH and medication history. For FHH, several digital-based tools have been developed and evaluated to promote FHH collection and analysis [69,70,71,72].



For medication history, many digital applications have been developed to improve medication adherence, though the quality and effectiveness are debatable [73]. These same adherence apps could serve as a record of current medications to be shared with a provider. One strategy to improve accuracy is the careful formulation of the intake questions to specifically focus on medications known to be impacted by pharmacogenes or formatted as open-ended questions [74]. Use of a patient-friendly format, such as the patient-reporting version of the UK Yellow Card Scheme, may facilitate accurate reporting of adverse events [75]. Consistent self-reporting of adverse events may identify a drug-metabolizing deficiency or other key protein abnormality that can be confirmed by a PGx test and, therefore, the questions should be included on the intake forms completed for each office visit. Medication-specific questions may be extracted from the many instruments for patient-reported outcome measures (PROMs) developed over the past decade [76,77,78]. Another approach is to combine medication history with FHH such that reporting of disease diagnoses in family members could include questions regarding medications and medication response for that given disease. Patient educational materials will be important to facilitate understanding of what types of information should be reported. While decisions made on incomplete data can lead to treatment errors and poor outcomes, it is better to gather some information than none at all. Well-designed research of these strategies can inform implementation of effective methods.



Lastly, the collection and review of additional information will likely add to the provider’s consultation time per patient, and potentially the need for more healthcare professionals, especially pharmacists and multidisciplinary teams [66,79,80]. Digital tools to facilitate documentation of medication (e.g., medication tracking apps) and adverse events may improve accuracy and timely reporting [81] and avoid inaccuracies associated with patient recall.




5. Conclusions


As with any medical condition, predicting response to medications will be impacted by awareness of multiple factors, some yet to be determined. The combination of FHH and medication history, potentially with PGx test results, may yield a better predictor for medication use and improved health outcomes. As new FHH tools and resources continue to be developed and updated, these may facilitate reporting of family medication usage and responses. Thus, it may be worthwhile to consider the inclusion of adding family medication history to routine patient intake processes to identify patients at increased susceptibility for an adverse response. Further research is needed to demonstrate the utility of an enhanced FHH to include medication history and strategies to facilitate accurate and complete patient reporting. Greater attention to patient and family history of medications may indirectly promote awareness, medication adherence, and recognition and reporting of adverse events.
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