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Abstract (600 word limit)
The epidemiology of Multiple Drug Intolerance Syndrome (MDIS) and Multiple Drug Allergy Syndrome (MDAS) are poorly characterized. We used electronic health record (EHR) data to describe prevalences of MDIS and MDAS and to examine associations with anxiety and depression. Patients with ≥3 outpatient encounters at Partners HealthCare System from 2008–2015 were included. MDIS patients had intolerances to ≥3 drug classes and MDAS patients had hypersensitivities to ≥2 drug classes. Psychiatric conditions and comorbidities were defined from the EHR, and used in multivariable logistic regression models to assess the relation between anxiety/depression and MDIS/MDAS. Of 746,888 patients, 47,634 (6.4%) had MDIS and 8,615 (1.2%) had MDAS; 3,171 (0.4%) had both. Anxiety (adjusted odds ratio [aOR] 1.72 [1.65, 1.80]), depression (aOR 1.46 [1.41, 1.52]), and both anxiety and depression (aOR 1.97 [1.86, 2.08]) were associated with increased odds of MDIS. Depression was associated with increased odds of MDAS (aOR 1.41 [1.28, 1.56]), but there were neither clear associations with anxiety nor both depression and anxiety (aOR 1.13 [0.92, 1.38]). While 6% of patients had MDIS, only 1% had MDAS. MDIS was associated with both anxiety and depression; patients with both anxiety and depression had an almost 2-fold increased odds of MDIS. MDAS was associated with a 40% increased odds of depression, but there was no significant association with anxiety. Psychological assessments may be useful in the evaluation and treatment of patients with MDIS and MDAS; physiologic causes for MDAS warrant further investigation. Drug allergies are commonly reported by patients and documented in medical charts. Patients reporting any drug allergy history are likely to report allergies to multiple drug classes. Drug allergies documented in the electronic health record (EHR) can be intolerances, toxicities, or hypersensitivities (i.e., immunologic reactions). While definitions have varied, Multiple Drug Intolerance Syndrome (MDIS) describes patients who have non-immunologic reactions to three or more drug classes, and Multiple Drug Allergy Syndrome (MDAS) describes patients with hypersensitivity reactions to two or more drug classes. A third term, Multiple Drug Hypersensitivity (MDH) describes patients with proven hypersensitivities to two or more distinct drugs after drug allergy evaluation. MDIS occurs in about 2% of patients. While the prevalence of MDAS remains unknown, at least 5% of patients report one or more drug hypersensitivity, and at least 10% of those patients (or 0.5% of patients) have MDAS. Commonly described drug culprits in both MDIS and MDAS include antibiotics, antiepileptics, hypnotics, antidepressants, local anesthetics, glucocorticoids, opiates, and nonsteroidal anti-inflammatory drugs (NSAIDs). Urticaria and angioedema are the most commonly described reactions in MDAS, although severe reactions (e.g., bullous exanthema, Stevens-Johnson syndrome, drug rash eosinophilia and systemic symptoms syndrome) have also been described in MDAS. Risk factors for MDIS include female sex, older age, greater weight, prior hospitalizations, and multiple medical comorbidities. Female sex has also been identified as a risk factor for MDAS. Prior studies have suggested associations between MDIS and/or MDAS and various psychiatric comorbidities, including anxiety, depression, alexithymia, and somatization. However, to date, no clear relationship is defined. In this study, we used longitudinal EHR data to describe the epidemiology of reported MDIS and MDAS in a large United States healthcare system, and evaluated the relationship between anxiety, depression, MDIS, and MDAS. We performed a retrospective study of patients seen at Partners HealthCare System (PHS), an integrated health care delivery network in the Boston area, from January 1, 2008 through May 31, 2015. To improve cohort continuity, the study population included patients with at least one outpatient visit prior to 2008 and three or more visits from 2008 through 2015. MDAS patients had reactions to two or more drug classes with a possible immunologic mechanism.
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Importance of Research (200 word limit)
Among 746,888 PHS patients meeting visit criteria, 44,463 had MDIS only, 5,444 had MDAS only; 3,171 (0.42%) had both MDIS and MDAS, and 693,810 (92.9%) had neither MDIS not MDAS. The overall prevalence rate was 6.4% (N=47,634) for MDIS and 1.2% (N=8,615) for MDAS. MDIS patients had reactions to a total of 194,101 culprit drugs (4.1±1.7 per patient). MDAS patients had reactions to 20,307 culprit drugs (2.4±0.8 per patient, Supplemental Table 4). The most common causative drugs were similar for MDIS and MDAS, and included penicillins, opiates, sulfonamides, NSAIDs, cephalosporins, macrolide antibiotics, and radiocontrast media. Angiotensin converting enzyme inhibitors and 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors were among the most common drug classes causing reactions in MDIS patients, but not MDAS patients; calcium channel blockers and quinolone antibiotics were among the most common drug classes causing reactions in MDAS patients, but not MDIS patients. MDAS patients 

reported 17,196 reactions suggestive of Type I HSRs, including urticaria (21.7% of reactions in 43.2% of MDAS patients), itching (10.1% of reactions in 20.1% of MDAS patients), angioedema/swelling (12.1% of reactions in 24.2% of MDAS patients), shortness of breath (6.7% of reactions in 13.3% of MDAS patients), anaphylaxis (6.5% of reactions in 13.0% of MDAS patients), and rhinitis (0.1% of reactions in 0.3% of MDAS patients).
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Massachusetts General Hospital (Mass General or MGH) is the original and largest teaching hospital of Harvard Medical School located in the West End neighborhood of Boston, Massachusetts. It is the third oldest general hospital in the United States and has a capacity of 999 beds. With Brigham and Women's Hospital, it is one of the two founding members of Mass General Brigham (formerly known as Partners HealthCare), the largest healthcare provider in Massachusetts. Massachusetts General Hospital conducts the largest hospital-based research program in the world, with an annual research budget of more than $1 billion in 2019. It is currently ranked as the #5 best hospital in the United States by U.S. News & World Report. In November 2017, The Boston Globe ranked MGH the fifth best place to work out of Massachusetts companies with over 1,000 employees.
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