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Abstract

Treatment resistance is common in major depressive disorder (MDD), yet clinical risk factors are
not well understood. Using a discovery-replication design, we conducted phenome-wide

association studies (PheWASs) of MDD treatment resistance in two electronic health record
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(EHR)-linked biobanks. The PheWAS included participants with an MDD diagnosis in the EHR
and at least one antidepressant (AD) prescription. Participant lifetime diagnoses were mapped to
phecodes. PheWASs were conducted for three treatment resistance outcomes based on AD
prescription data: number of unique ADs prescribed, >1 and >2 AD switches. Of the 180 phecodes
significantly associated with these outcomes in the discovery cohort (n=12,558), 71 replicated
(n=8,206). In addition to identifying known clinical factors for treatment resistance in MDD, the
total unique AD prescriptions was associated with additional clinical variables including irritable
bowel syndrome, gastroesophageal reflux disease, symptomatic menopause, and spondylosis. We
calculated polygenic risk of specific-associated conditions and tested their association with AD
outcomes revealing that genetic risk for many of these conditions is also associated with the total
unique AD prescriptions. The number of unique ADs prescribed, which is easily assessed in EHRS,
provides a more nuanced measure of treatment resistance, and may facilitate future research and

clinical application in this area.

Keywords: PheWAS, PRS, MDD, antidepressants, comorbidity, TRD

1. Introduction

Major Depressive Disorder (MDD) is a heterogeneous disorder with considerable variation in its
clinical presentation and treatment response among individuals (Harald and Gordon, 2012; Zisook
et al., 2019). Two thirds of patients undertaking antidepressant treatment for MDD do not achieve
clinical remission on their first treatment trial and the probability of achieving remission to any
given medication tends to decrease with each successive treatment trial—a significant number of

individuals not remitting altogether (Rush et al., 2006).
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The concept of treatment-resistant depression (TRD) was introduced roughly five decades ago to
study non-response (Overall, 1974). TRD has had numerous categorical definitions. These
definitions have ranged from no formal minimum number of treatment trials (American Psychiatric
Association, 2010; Cleare et al., 2015) to at least two (Bauer et al., 2013; Fabbri et al., 2021,
Kennedy et al., 2016) or three or more trials (Adekkanattu et al., 2023; McAllister-Williams et al.,
2018; Taylor et al., 2018). Other categorizations attempt to stage an individual's degree of
treatment-resistance (Ruhé et al., 2012) but there is no formal consensus definition or staging

model for TRD (Howes et al., 2022; Souery et al., 1999).

Current operationalizations of TRD may overlook important aspects of MDD treatment (e.g.,
residual symptoms, next-step treatment persistence, treatment delays) (Mcintyre et al., 2023).
However, implementing more complex TRD operationalizations in large datasets such as
electronic health records (EHRs) may not be possible given the level of detail required to ascertain
most definitions (e.g., “adequacy” of treatment trials, medication adherence, heterogeneity in
symptom severity rating scales). Yet, despite their unique challenges and limitations (e.g.,
imprecision, missingness), EHRs may be well suited to study treatment resistance in MDD by
reflecting actual clinical care (Perlis et al., 2019). Thus, EHRs complement the classic clinical trial
approach in research. Studies of treatment resistance in MDD based on EHRs should leverage
the vast amount of available medical data. Previous studies have considered different methods
to identify treatment resistance among individuals with MDD using EHR or register data (Perlis et
al., 2012), and have used EHR data to explore risk factors to develop models predicting treatment
resistance (Lage et al., 2022). A set of inclusion criteria using a mixture of diagnostic codes and
antidepressant prescription data was previously utilized to define treatment resistance using EHR

data in the UK Biobank (Fabbri et al., 2021).

One particular advantage of EHRs over clinical trials is that they enable phenotype-based

phenome-wide association studies (PheWASSs), which leverage the broad medical phenotyping
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only available in large clinical datasets to conduct hypothesis-agnostic studies of clinical
associations with different phenotypes (Denny et al., 2016). This approach may accelerate the
discovery of unrecognized associations with treatment resistance, which can subsequently be
further investigated by targeted trials. Moreover, this approach allows the simultaneous
exploration of multiple primary phenotypes, such as different measures of resistance (Bastarache,
2021; Smoller, 2018; Wolford et al., 2018). EHR-linked biobanks also provide an opportunity for

large-scale pharmacogenomic studies at low cost (Smoller, 2018).

To gain insight into clinical trait associations with treatment resistance in MDD, we used EHR-
derived phenome information from two biobanks as discovery and replication samples to conduct
phenotype-based PheWASs of three measures of treatment resistance in MDD based on AD
prescription data: one that quantifies the number of unique antidepressants prescribed and two
dichotomous measures based on antidepressant switches. To further investigate resistance-
associated comorbidities that replicated across sites in the phenotype-based PheWAS, we
conducted a pharmacogenomic analysis testing whether the genetic liabilities for these
phenotypes quantified using polygenic risk scores (PRSs) were associated with the three

outcomes.
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2. Methods

2.1 Data sources

The data was derived from two biobanks: Mayo Clinic Biobank (MCB) (Olson et al., 2019) and
Mount Sinai’s BioMe. MCB active enrollment spanned from April 2009 to March 2016 and totaled
nearly 60,000 participants aged 18 years and older, selected largely through medical visits to
primary care and family medicine clinics at Mayo Clinic and its health system. BioMe began in
2007 and recruited more than 60,000 individuals primarily in the Mount Sinai Health System
ambulatory care settings across New York, NY. At consent, both MCB and BioMe patrticipants
provided biological samples, completed a questionnaire, and permitted researchers with
approved access to analyze data from their EHR, which includes clinical notes, demographics,
medications/prescriptions, and billing codes from the ICD, 9» and 10~ editions (ICD-9/10) (WHO
and World Health Organization, 1993). We mapped ICD9/10 codes to phecodes (i.e., higher order
groups of diagnoses) using the Phecode map 1.2b1 (Denny et al., 2010). The current study was
reviewed and approved by each site’s Institutional Review Board (Mayo Clinic IRB approval 19-
006227 and Mount Sinai IRB approval 07-0529). EHRs for MCB and BioMe participants were

extracted in September and December, respectively, in 2021.

2.2 ldentifying cases with MDD

Using structured EHR data, patients with MDD were identified based on having at least one MDD-
related ICD9/10 code, as shown in Supplementary Table 1, and at least one antidepressant
prescription. Participants with phecodes for bipolar disorder (phecode 296.1) or psychotic
disorders (phecodes 295.1, 295.2, 295.3, 295) were excluded from the MDD samples

(Supplementary Table 2).
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2.3 Prescription data

NLP algorithms were employed at both sites to extract and clean unstructured prescription data
from the EHR and incorporate this data with more recent structured prescription data. For MCB,
outpatient drug information was extracted from prescription data using Mayo Clinic’s open-source
CTAKES natural language processing (NLP) platform and mapping to RxNorm codes
(https://www.nlm.nih.gov/research/umls/rxnorm) (Pathak et al., 2011). The process of retrieving
prescription data for BioMe has been previously described (Landi et al., 2021). Briefly, drug
prescription data were obtained from the Mount Sinai Data Warehouse (MSDW) and standardized
to RxNorm concept unique identifiers (RXCUIs) through an open source CLAMP clinical NLP
pipeline (Soysal et al., 2018) and to further standardize, RXCUIs were mapped to base ingredient
information using the RxNorm application program interface.

In both samples, we abstracted prescription data for the antidepressants listed in Supplementary
Table 3. Notably, we excluded clomipramine, fluvoxamine, milnacipran, selegiline, and trazodone
because, while in the antidepressant drug class, these drugs are commonly used to treat other

neuropsychiatric symptoms and disorders.
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2.4 Defining treatment resistance

For each antidepressant, we retrieved the start and end dates (i.e., after refills have run out) and
calculated the total time potentially on the medication. If another antidepressant medication from
the list was prescribed before the prescription end date, the duration on the given medication was
truncated to end at the start of the new prescription to indicate a change in antidepressant
treatment. To determine “adequate trials,” an antidepressant was excluded from the patient’s data
if they switched treatment within 30 days of starting the antidepressant or were not prescribed the
antidepressant for at least 30 days. This approach was taken to avoid capture of medications
stopped due to intolerable side-effects rather than lack of efficacy. Finally, similar to recent studies
(Adekkanattu et al., 2023; Fabbri et al., 2021), we defined a medication “switch” when the interval
between the prescription of two consecutive drugs was less than 14 weeks, to avoid incorrectly
classifying two independent medication trials as an antidepressant switch within a single
treatment trial. The resulting medication trial and switch data were then used to define one
guantitative measure and two dichotomous measures of treatment resistance. The quantitative
measure was defined as the total nhumber of unique antidepressants that a participant was
prescribed for at least 30 days. We also defined treatment resistance using two dichotomous
definitions of either two or more antidepressant switches, or one or more antidepressant switches

(Bauer et al.; 2013; Fabbri et al., 2021; Kennedy et al., 2016).
2.5 Phenotype-based PheWAS

To assess clinical comorbidities associated with treatment resistance in MDD, we performed a
phenotype-based PheWAS in each biobank with each outcome measure for resistance. The
analyses were performed using the PheWAS R package (Denny et al., 2010), with each outcome
serving as the predictor of each phecode in a logistic regression model. For the PheWAS of the

guantitative trait, the number of unique antidepressants was capped at seven such that someone
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prescribed more than seven unique antidepressants had their outcome fixed at seven to avoid
influential outliers. At least two occurrences of a diagnostic code in the EHR on different days
were required to define a phecode case. For the PheWAS, we only tested associations with
phecodes with a minimum of 20 cases and 20 controls. To account for potential confounders of
EHR analyses such as healthcare utilization and demographics, we adjusted for the patient’s
length of EHR (defined as the time between the first and last ICD code in the record), total number
of ICD codes (across all conditions), as well as the patient’s age at time of the EHR data pull and
self-reported race, ethnicity, and gender. Analyses were limited to participants with a history of
regular care (at least two visits spaced at least a year apart) to improve the assessment of
phenomes and reduce confounding from participants with insufficient EHR. We used MCB as a
discovery sample and BioMe as a replication sample. To account for multiple testing, we used a
Bonferroni corrected threshold that adjusted for the total number of tests across the three
discovery PheWAS (p < 0.05/[1078 phecodes x 3 outcomes] = 1.5e-5) or the number of phecodes
to be replicated (p < 0.05/ total number of significant phecodes in discovery PheWAS). All

analyses were performed in R 4.2.2.
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2.6 Polygenic risk score analyses

For treatment resistance-associated comorbidities identified in the MCB sample PheWAS and
replicated in the BioMe sample, we identified a set of phenotypes for which summary statistics
from a large genome-wide association study (GWAS) or a set of pre-computed variant weights
from PGS Catalog (Lambert et al., 2021) were available. We estimated PRSs for these
phenotypes using either LDpred2 (Privé et al., 2021) with the GWAS summary statistics or with
PLINK2 using the pre-computed weights from PGS Catalog. Specifically, we used genotype data
for over 44,000 unrelated MCB participants of European ancestry as previously described
(Coombes et al., 2023) to compute the PRSs for depression (Levey et al., 2021), suicide attempts
(Docherty et al., 2023), ADHD (Demontis et al., 2023), GAD (Levey et al., 2020), insomnia (Lane
et al., 2019), chronic pain (Johnston et al., 2019), panic disorder (Forstner et al., 2021), migraines
(Tanigawa et al., 2022), bipolar disorder (Mullins et al., 2021), PTSD (Nievergelt et al., 2019), IBS
(Tanigawa et al., 2022), SUDs (Deak et al., 2022; Hatoum et al., 2023; Johnson et al., 2020;
Saunders et al., 2022; Zhou et al., 2020), GERD (Privé et al., 2022), and anorexia nervosa
(Watson et al., 2019) (Table ST5). In the MCB cohort of participants with an MDD diagnosis and
at least one antidepressant prescribed, we tested the association of each PRS with the number
of prescribed antidepressants using Poisson regression and with the dichotomous measures of
treatment resistance (1 or 2 switches) using logistic regression. All PRS analyses were adjusted

for age at enrolment to the biobank, sex, and the first ten genetic principal components.

For any nominally significant PRS associations (p < 0.05), we assessed whether the association
with treatment resistance was mediated by the depression PRS. To do this, we used the
mediation R package with 5000 bootstrapped samples to estimate mediation p-values for
mediated and direct effects. Mediation analyses used the same covariates above and we
reported the average causally mediated effect (ACME) by the depression PRS, average direct

effect (ADE) of each PRS, and the proportion mediated by the depression PRS.
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3. Results

Table 1 describes participants with MDD and at least one antidepressant medication treatment in
the two biobanks (MCB N = 12,558; BioMe N = 8,206). At both sites, most of the patient population
was female (72% and 68%, respectively) with a median age of 66 and 65 years, respectively.
Participants from MCB were predominantly White, reflecting the population around Rochester,
Minnesota, whereas BioMe had enrolled roughly equal proportions of White and Black
participants, and nearly half of the individuals were Hispanic, reflecting the demographics of the
area surrounding Mount Sinai in New York City. Citalopram/escitalopram was the most common
antidepressant prescribed at the two sites (Table S3) and the distributions of the three outcome
variables were similar across the two biobanks with patients receiving on average two different
antidepressant prescriptions, and about 9% (N=1896) of the MDD sample having one or more

antidepressant switches and 1% (N=246) having two or more switches.
3.1 Phenotype-based PheWASs

In the MCB discovery PheWAS, the number of unique antidepressants prescribed was associated
with 180 phecodes, followed by 21 phecode associations for the =1 antidepressant switch and 9
for the 22 antidepressant switches outcomes. Of these, 71 associations were replicated (p <
0.05/210=0.0002) in the BioMe sample with strong agreement between the effect sizes in each
sample. Figure 1 shows the results for the MCB phenotype-based PheWASs of the three

treatment resistance measures with full results in each biobank shown in Table S4.

Notably, generalized anxiety disorder (GAD) was the strongest association across all three
outcome measures in both samples. Among many of the replicated associations, consistent
results were seen across all measures with phecodes including insomnia, chronic pain, suicidal

ideation, posttraumatic stress disorder (PTSD), panic disorders, personality disorders, as well as
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myalgia and myositis, albeit none of these reached the replication significance level for the

measure of two or more switches.

Many phecodes (86% of the 63 replicated associations) were only significantly associated with
the total number of antidepressants ever taken. Notably, attention deficit/hyperactivity disorder
(ADHD), migraines, irritable bowel syndrome (IBS), spondylosis, GERD, symptomatic
menopause, substance use disorders (SUDs) and eating disorders were associated with the
number of antidepressants ever taken but did not reach Bonferroni-corrected statistical

significance thresholds for the two dichotomous measures based on antidepressant switches.

3.2 PRS associations

For the associations that replicated across outcomes for which a PRS could be estimated, we
tested whether the genetic liabilities for said comorbidities were associated with treatment
resistance outcomes (Table ST5). Of these, the PRSs for depression, chronic pain, addiction
factor, opioid use disorder, and smoking were associated with more unique antidepressants
prescribed (all p<0.05/17=0.0029). While not reaching the Bonferroni-corrected significance level,
the PRSs for ADHD, GAD, insomnia, problematic alcohol use, cannabis use disorder, and GERD
correlated with a -greater number of different antidepressants prescribed. No PRS was

significantly associated with either of the dichotomous definitions using antidepressant switches.

For the associations above, we assessed whether the depression PRS mediated any of these
relationships (Table ST6). While the depression PRS mediates a significant proportion of all of
these associations, the PRS for chronic pain, addiction factor, opioid use disorder, and smoking

still had significant direct effects (p < 0.05).
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4. Discussion

Using data from two large biobanks as discovery and replication samples, we conducted a
phenotype-based phenome-wide association study of three different measures of treatment
resistance in MDD to identify clinical associations. Two dichotomous measures of resistance were
based on a threshold number of antidepressant switches; one quantitative measure was based
on the total number of unique antidepressants prescribed for at least 30 days. With each outcome
measure, our analyses reproduced well-known clinical associations with TRD. Furthermore, the
guantitative measure of treatment resistance showed several clinical associations not previously
reported for TRD, including IBS, GERD, symptomatic menopause, and spondylosis. Additionally,
PRS analyses found the genetic liability for many of these comorbidities associated with the
guantitative measure of resistance, including ADHD PRS, which was previously reported to be
associated with TRD (Fabbri et al., 2021). While these observations warrant further study, large
EHR-based studies may benefit from the use of a quantitative measure of treatment resistance
based on antidepressant prescriptions, rather than definitions based on antidepressant switches,
to accelerate the discovery of factors potentially associated with TRD, including genetic risk
factors.

Our hypothesis-agnostic search for clinical associations with treatment resistance in MDD using
the EHR identified clinical phenotypes that have been previously associated with resistance in
TRD literature such as anxiety, suicidal ideation, insomnia, PTSD, personality disorders, and
chronic pain. Mounting evidence indicates that having psychiatric or medical comorbidities is
linked to worse treatment outcomes for people with MDD (Kraus et al., 2020). In our study, all
measures of treatment resistance were associated with a diagnosis of any anxiety disorder,
consistent with prior research (Bartova et al., 2019; Carter et al., 2012; Souery et al., 1999).
Among all anxiety disorders, GAD, which is also commonly treated with antidepressants, had the

strongest association with resistance, as previously reported (Dold et al., 2017; Kautzky et al.,
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2019). As expected, suicidal ideation, which has been consistently associated with TRD in the
literature and is a symptom of MDD severity (Balestri et al., 2016; Bartova et al., 2019; Dennehy
et al., 2014; Kautzky et al., 2019; Souery et al., 2007), was strongly associated with the three
measures of resistance. Likewise, the PRS for depression, which has been shown to be higher in
those with suicidal ideation (Li et al., 2023), was also associated with resistance in our analysis.
Insomnia, both a symptom of and risk factor for MDD (Baglioni et al., 2011), was associated with
all measures of resistance and was second only to anxiety disorders in the strength of its
association with the total number of unique antidepressants prescribed. PTSD, which was
significantly associated with all outcome measures of resistance, has also been associated with
TRD in the literature (Dennehy et al., 2014; Falola et al., 2017). This relationship could be
mediated by a history of trauma, which results in increased severity of depression (Friedman et
al., 2012), a risk factor for TRD (Balestri et al., 2016; Bartova et al., 2019; Souery et al., 1999),
yet evidence is conflicting (Papakostas, 2012). Finally, severe pain or its lack of improvement are
known independent risk factors reporied in TRD literature, regardless of root cause (Carter et al.,
2012), which could explain some of the associations with conditions that cause chronic pain. One
such example is spondylosis, which was associated with the quantitative measure of resistance;
however, MDD is an independent risk factor for spondylosis (Lin et al., 2018), so the association
could also be due to a more severe and protracted course of illness among individuals with TRD.
Searching across the EHR also allowed us to identify new clinical associations with resistance.
For example, the total number of antidepressants a participant had ever been prescribed was
associated with IBS and GERD. However, the findings could be due to antidepressant side-effects
or the use of antidepressants in the treatment of these conditions. Individuals with IBS have higher
levels of somatization, interpersonal sensitivity, and life event stress (Locke et al., 2004) as well
as increased rates of mood and anxiety disorders (Janssens et al., 2015; Solmaz et al., 2003).
Furthermore, mood and anxiety disorders may share some of the same genetic pathways with

IBS (Eijsbouts et al., 2021) and IBS is sometimes treated with antidepressants (Kutak-Bejda et
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al., 2017). Similarly, GERD has been associated with MDD (Chen et al., 2023; Zeng et al., 2023)
and antidepressants are sometimes recommended in the treatment of refractory GERD (Talley
and Zand Irani, 2021).

While women in the perimenopause and early postmenopause have increased rates of MDD,
there is conflicting evidence regarding the effect of menopause on MDD treatment (Freeman et
al., 2014, 2006). Some studies report similar rates of response or recurrence during menopause,
yet others report lower rates of response and slower recovery (Maki et al., 2018). In addition,
antidepressants are oftentimes used in the treatment of vasomotor symptoms during menopause
(Davari-Tanha et al.,, 2016), which could explain the association with the number of
antidepressants prescribed, particularly if the symptoms are severe enough to warrant medical
care and, consequently, inclusion in an individual’s EHR.

One possible explanation for our observations is comorbidity-specific antidepressant use that is
unrelated to MDD treatment. Alternatively, comorbidities such as IBS, GERD, or symptomatic
menopause may increase the risk of treatment resistance among individuals with MDD. Given
their associations with MDD and the inconclusive evidence on their effect on treatment response
in MDD, there is no clear answer yet. Further studies are needed to examine the effect that these
comorbidities might have on MDD treatment.

The quantitative outcome measure of resistance based on the number of unique antidepressants
ever prescribed to-an individual attempts to place treatment resistance on a continuum, closely
resembling what is seen in clinical practice and what is accessible from EHR data. Moreover, this
outcome measure had the most significant associations with comorbidities and PRSs in our
analyses. Similar outcome measures have been used proposed in the past by studies exploring
TRD (Ruhé et al.,, 2012). Indeed, Cepeda et al. found that using the number of unique
antidepressants or antipsychotics that an individual had been prescribed in a year was better at
identifying individuals with TRD in large datasets than using more complex definitions that

included medication dose and duration (Cepeda et al., 2018). Relative to a quantitative measure
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of resistance, dichotomous definitions of TRD reduce information and are thus expected to result
in a loss of statistical power. Such increased statistical power provided by a quantitative outcome
may be especially beneficial for genomic studies of treatment resistance in MDD, which have thus
far been under-powered (Fabbri et al., 2021).

Our study has limitations. First, clinical phenotypes were derived solely from structured EHR data,
and thus may not capture the nuances of the clinical presentations, nor do they replace
standardized diagnostic assessments. However, it has been shown that phecode groupings
generate a phenome that more closely resembles natural-language medical records using
structured EHR data and may facilitate replication of known associations better than other
diagnostic codes or groupings (Wei et al., 2017). Second, the number of unique antidepressants
for a patient does not reflect TRD and could be confounded by other illnesses that are treated
with antidepressants including anxiety, pain syndromes, or sleep disorders, which were among
the diseases most strongly associated with the total number of unique antidepressants in our
analyses. However, the number of unique antidepressants tried is clinically relevant in patient
care, and similar measures have been considered in the context of assessing treatment
resistance in MDD (Ruhé et al., 2012). Moreover, the high consistency of findings across outcome
measures suggests that the quantitative measure of resistance accurately captures the
characteristics and conditions associated with the dichotomous measures of resistance. This
alignment indicates that such a quantitative outcome may be a reliable assessment of TRD. We
took steps to mitigate the influence of higher healthcare utilization on the total number of
antidepressants by adjusting analyses for the number of unique diagnostic codes present in an
EHR, the length of each participant’s medical record, and excluding antidepressants that are not
routinely prescribed for MDD. In addition, we aimed to limit the impact that antidepressant
tolerability may have had on the number of antidepressants exposures and number of switches
by including only prescriptions that lasted at least 30 days, as earlier interruption is likely related

to treatment intolerance or other factors beyond efficacy. Third, EHR prescription data does not
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capture whether prescriptions are filled and taken, making it challenging to assess adequacy of
dose and impossible to assess adherence, both of which are important for accurately assessing
efficacy of an antidepressant. Fourth, EHR prescription data does not capture whether medication
was stopped and therefore augmentation of depression treatment with additional antidepressants
is difficult to ascertain. Furthermore, augmentation with other psychotropic medications such as
lithium, or second-generation antipsychotics would not be considered a switch. Fifth, the rates of
resistance as defined by the dichotomous outcomes in our study were lower than the reported
rates of TRD in the literature, which range from 20% to 70% (Rizvi et al., 2014; Rush et al., 2006;
Zhdanava et al., 2021). This could reflect the previously mentioned limitation of incomplete
prescription records as well as our thresholds requiring a switch occur after 30 days and before
14 weeks of the preceding prescription. Using complete prescription data from the UK Biobank,
Fabbri and colleagues found similar rates of two or more antidepressant switches among
participants when using an algorithm similar to-ours (Fabbri et al., 2021). Sixth, sampling of
patients by biobanks, particularly those within a single healthcare system, may limit external
generalizability (Beesley et al., 2020). Encouragingly, even though the two biobanks included in
the analysis differ geographically and by race/ethnicity, the distributions of the three outcome
measures were very similar between the two biobanks and many of the associations found in
MCB were replicated in BioMe. Seventh, we defined MDD in our population of interest based on
the presence of ICD codes, which may have limited reliability, but we additionally required at least
one antidepressant prescription to improve reliability. Additionally, the study by Fabbri et al. (2021)
found significant overlap between EHR-defined MDD using at least two depressive disorder
diagnostic codes and different MDD definitions. After cross-validating EHR-defined MDD with
primary care data, they highlighted that using a less restrictive definition (i.e., at least one
diagnostic code) resulted in sufficient diagnostic overlap and similar associations with MDD
polygenic risk score. Finally, it is important to recognize that there are many correlations among

phecodes and thus the associations from the PheWASs are not independent and must be
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interpreted accordingly. Moreover, some of the observed relationships may be bidirectional and
temporality of features has not been incorporated into the analysis.

Despite the limitations, a key strength to the large-scale EHR-based agnostic phenome-wide
approach is the possible discovery of a broad range of clinical associations not limited to known
or hypothesized ones, which can then be explored with targeted studies. Furthermore, data
derived from EHRs represent medical diagnoses made by physicians and include details such as
all prescribed medications in a defined time period — this type of data is typically not available in
epidemiological studies of psychiatric disorder risk factors. Thus, EHR-based observational
studies are complementary to traditional clinical research study designs and provide a unique
opportunity for discovery of association patterns in a clinical context.

Our study exploring three different outcome measures of resistance in an EHR reproduced many
known associated clinical risk factors for TRD.such as anxiety, suicidality, and insomnia, and
identified new factors such as IBS, GERD, spondylosis, and symptomatic menopause. Results
from the analysis of the quantitative measure of treatment resistance were consistent with results
from analyses using dichotomous outcomes of resistance. Moreover, the incorporation of the
guantitative measure facilitated the discovery of additional associations that replicated across
sites. Thus, this quantitative measure may aid the detection of genetic factors contributing to
treatment resistance in MDD and ultimately facilitate the creation of rapid assessments of
treatment resistance in clinical settings and may facilitate subtyping of TRD and potentially more

nuanced, targeted treatment approaches in the future.

Acknowledgement

This study was supported by the National Institute of Mental Health (NIMH)
grants: RO1MH121924, R01MH121923, RO1MH121922, and R01MH121921. We acknowledge

the Mayo Clinic Biobank (MCB) research team, as well as the patient-participants who consented



Journal Pre-proof

to participate in this research program. We also acknowledge the Mayo Clinic Center for
Individualized Medicine for support of the Mayo Clinic Biobank, and Regeneron Genetics Center

for providing genetic data for MCB participants for the polygenic risk score analysis.

Competing Interests

Dr. Mann receives royalties for commercial use of the C-SSRS from the Research Foundation for
Mental Hygiene and from Columbia University from sales of the Columbia Pathways app. Dr.
Weissman has received funding from NIMH and Columbia University Institute for Developmental
Sciences and receives book royalties from Perseus Press and Oxford Press. None of these

represent a conflict of interest.

The other authors have nothing to disclose.

References

Adekkanattu, P., Olfson, M., Susser, L.C., Patra, B., Vekaria, V., Coombes, B.J., Lepow, L., Fennessy,
B., Charney, A., Ryu, E., Miller, K.D., Pan, L., Yangchen, T., Talati, A., Wickramaratne, P.,
Weissman, M., Mann, J., Biernacka, J.M., Pathak, J., 2023. Comorbidity and healthcare utilization
in patients with treatment resistant depression: A large-scale retrospective cohort analysis using
electronic health records. J. Affect. Disord. 324, 102-113.

American Psychiatric Association, 2010. American psychiatric association practice guidelines for the
treatment of patients with major depressive disorder. American Psychiatric Publishing, Inc.,
Arlington, VA.

Baglioni, C., Battagliese, G., Feige, B., Spiegelhalder, K., Nissen, C., Voderholzer, U., Lombardo, C.,
Riemann, D., 2011. Insomnia as a predictor of depression: a meta-analytic evaluation of
longitudinal epidemiological studies. J. Affect. Disord. 135, 10-19.

Balestri, M., Calati, R., Souery, D., Kautzky, A., Kasper, S., Montgomery, S., Zohar, J., Mendlewicz,
J., Serretti, A., 2016. Socio-demographic and clinical predictors of treatment resistant depression:
A prospective European multicenter study. J. Affect. Disord. 189, 224-232.

Bartova, L., Dold, M., Kautzky, A., Fabbri, C., Spies, M., Serretti, A., Souery, D., Mendlewicz, J., Zohar,
J., Montgomery, S., Schosser, A., Kasper, S., 2019. Results of the European Group for the Study
of Resistant Depression (GSRD) — basis for further research and clinical practice. The World
Journal of Biological Psychiatry. https://doi.org/10.1080/15622975.2019.1635270



Journal Pre-proof

Bastarache, L., 2021. Using Phecodes for Research with the Electronic Health Record: From PheWAS
to PheRS. Annu Rev Biomed Data Sci 4, 1-19.

Bauer, M., Pfennig, A., Severus, E., Whybrow, P.C., Angst, J., Moller, H.-J., World Federation of
Societies of Biological Psychiatry. Task Force on Unipolar Depressive Disorders, 2013. World
Federation of Societies of Biological Psychiatry (WFSBP) guidelines for biological treatment of
unipolar depressive disorders, part 1: update 2013 on the acute and continuation treatment of
unipolar depressive disorders. World J. Biol. Psychiatry 14, 334-385.

Beesley, L.J., Salvatore, M., Fritsche, L.G., Pandit, A., Rao, A., Brummett, C., Willer, C.J., Lisabeth,
L.D., Mukherjee, B., 2020. The emerging landscape of health research based on biobanks linked
to electronic health records: Existing resources, statistical challenges, and potential opportunities.
Stat. Med. 39, 773-800.

Carter, G.C., Cantrell, R.A., Victoria Zarotsky, Haynes, V.S., Phillips, G., Alatorre, C.l., Goetz, I.,
Paczkowski, R., Marangell, L.B., 2012. Comprehensive review of factors implicated in the
heterogeneity of response in depression. Depress. Anxiety 29, 340-354.

Cepeda, M.S., Reps, J., Fife, D., Blacketer, C., Stang, P., Ryan, P., 2018. Finding treatment-resistant
depression in real-world data: How a data-driven approach compares with expert-based
heuristics. Depress. Anxiety 35, 220-228.

Chen, G., Xie, J., Ye, J., Kuang, X., Liao, W., Song, L., Zhang, X., 2023. Depression Promotes
Gastroesophageal Reflux Disease: New Evidence Based on Mendelian Randomization. Turk. J.
Gastroenterol. 34, 457-462.

Cleare, A., Pariante, C.M., Young, A.H., Anderson, I.M:, Christmas, D., Cowen, P.J., Dickens, C.,
Ferrier, I.N., Geddes, J., Gilbody, S., Haddad, P.M., Katona, C., Lewis, G., Malizia, A., McAllister-
Williams, R.H., Ramchandani, P., Scott, J., Taylor, D., Uher, R., Members of the Consensus
Meeting, 2015. Evidence-based guidelines for treating depressive disorders with antidepressants:
A revision of the 2008 British Association for Psychopharmacology guidelines. J.
Psychopharmacol. 29, 459-525.

Coombes, B.J., Landi, I., Choi, KW., Singh, K., Fennessy, B., Jenkins, G.D., Batzler, A., Pendegratft,
R., Nunez, N.A., Gao, Y.N., Ryu, E., Wickramaratne, P., Weissman, M.M., Regeneron Genetics
Center, Pathak, J., Mann, J.J., Smaller, J.W., Davis, L.K., Olfson, M., Charney, A.W., Biernacka,
J.M., 2023. The genetic contribution to the comorbidity of depression and anxiety: a multi-site
electronic health records study of almost 178 000 people. Psychol. Med. 53, 7368-7374.

Davari-Tanha, F., Soleymani-Farsani, M., Asadi, M., Shariat, M., Shirazi, M., Hadizadeh, H., 2016.
Comparison of citalopram and venlafaxine’s role in treating sleep disturbances in menopausal
women, a randomized, double-blind, placebo-controlled trial. Arch. Gynecol. Obstet. 293, 1007—
1013.

Deak, J.D., Zhou, H., Galimberti, M., Levey, D.F., Wendt, F.R., Sanchez-Roige, S., Hatoum, A.S.,
Johnson, E.C., Nunez, Y.Z., Demontis, D., Bgrglum, A.D., Rajagopal, V.M., Jennings, M.V.,
Kember, R.L., Justice, A.C., Edenberg, H.J., Agrawal, A., Polimanti, R., Kranzler, H.R., Gelernter,
J., 2022. Genome-wide association study in individuals of European and African ancestry and
multi-trait analysis of opioid use disorder identifies 19 independent genome-wide significant risk
loci. Mol. Psychiatry 27, 3970-3979.

Demontis, D., Walters, G.B., Athanasiadis, G., Walters, R., Therrien, K., Nielsen, T.T., Farajzadeh, L.,
Voloudakis, G., Bendl, J., Zeng, B., Zhang, W., Grove, J., Als, T.D., Duan, J., Satterstrom, F.K.,
Bybjerg-Grauholm, J., Baekved-Hansen, M., Gudmundsson, O.0., Magnusson, S.H., Baldursson,
G., Davidsdottir, K., Haraldsdottir, G.S., Agerbo, E., Hoffman, G.E., Dalsgaard, S., Martin, J.,
Ribasés, M., Boomsma, D.l., Soler Artigas, M., Roth Mota, N., Howrigan, D., Medland, S.E.,
Zayats, T., Rajagopal, V.M., ADHD Working Group of the Psychiatric Genomics Consortium,
iPSYCH-Broad Consortium, Nordentoft, M., Mors, O., Hougaard, D.M., Mortensen, P.B., Daly,
M.J., Faraone, S.V., Stefansson, H., Roussos, P., Franke, B., Werge, T., Neale, B.M., Stefansson,
K., Bgrglum, A.D., 2023. Genome-wide analyses of ADHD identify 27 risk loci, refine the genetic
architecture and implicate several cognitive domains. Nat. Genet. 55, 198-208.



Journal Pre-proof

Dennehy, E.B., Marangell, L.B., Martinez, J., Balasubramani, G.K., Wisniewski, S.R., 2014. Clinical
and functional outcomes of patients who experience partial response to citalopram: secondary
analysis of STAR*D. J. Psychiatr. Pract. 20, 178-187.

Denny, J.C., Bastarache, L., Roden, D.M., 2016. Phenome-Wide Association Studies as a Tool to
Advance Precision Medicine. Annu. Rev. Genomics Hum. Genet. 17, 353-373.

Denny, J.C., Ritchie, M.D., Basford, M.A., Pulley, J.M., Bastarache, L., Brown-Gentry, K., Wang, D.,
Masys, D.R., Roden, D.M., Crawford, D.C., 2010. PheWAS: demonstrating the feasibility of a
phenome-wide scan to discover gene-disease associations. Bioinformatics 26, 1205-1210.

Docherty, A.R., Mullins, N., Ashley-Koch, A.E., Qin, X., Coleman, J.R.l., Shabalin, A., Kang, J.,
Murnyak, B., Wendt, F., Adams, M., Campos, A.l., DiBlasi, E., Fullerton, J.M., Kranzler, H.R.,
Bakian, A.V., Monson, E.T., Renteria, M.E., Walss-Bass, C., Andreassen, O.A., Behera, C., Bulik,
C.M., Edenberg, H.J., Kessler, R.C., Mann, J.J., Nurnberger, J.1., Jr, Pistis, G., Streit, F., Ursano,
R.J., Polimanti, R., Dennis, M., Garrett, M., Hair, L., Harvey, P., Hauser, E.R., Hauser, M.A.,
Huffman, J., Jacobson, D., Madduri, R., McMahon, B., Oslin, D.W., Trafton, J., Awasthi, S.,
Berrettini, W.H., Bohus, M., Chang, X., Chen, H.-C., Chen, W.J., Christensen, E.D., Crow, S.,
Duriez, P., Edwards, A.C., Fernandez-Aranda, F., Galfalvy, H., Gandal, M., Gorwood, P., Guo,
Y., Hafferty, J.D., Hakonarson, H., Halmi, K.A., Hishimoto, A., Jain, S., Jamain, S., Jiménez-
Murcia, S., Johnson, C., Kaplan, A.S., Kaye, W.H., Keel, P.K., Kennedy, J.L., Kim, M., Klump,
K.L., Levey, D.F., Li, D., Liao, S.-C., Lieb, K., Lilenfeld, L., Marshall, C.R., Mitchell, J.E., Okazaki,
S., Otsuka, I., Pinto, D., Powers, A., Ramoz, N., Ripke, S., Roepke, S., Rozanov, V., Scherer,
S.W., Schmahl, C., Sokolowski, M., Starnawska, A., Strober, M., Su, M.-H., Thornton, L.M.,
Treasure, J., Ware, E.B., Watson, H.J., Witt, S.H., Woodside, D.B., Yilmaz, Z., Zillich, L.,
Adolfsson, R., Agartz, |., Alda, M., Alfredsson, L., Appadurai, V., Artigas, M.S., Van der Auwera,
S., Azevedo, M.H., Bass, N., Bau, C.H.D., Baune, B.T., Bellivier, F., Berger, K., Biernacka, J.M.,
Bigdeli, T.B., Binder, E.B., Boehnke, M., Boks, M.P., Braff, D.L., Bryant, R., Budde, M., Byrne,
E.M., Cahn, W., Castelao, E., Cervilla, J.A., Chaumette, B., Corvin, A., Craddock, N., Djurovic,
S., Foo, J.C., Forstner, A.J., Frye, M., Gatt, J.M., Giegling, I., Grabe, H.J., Green, M.J., Grevet,
E.H., Grigoroiu-Serbanescu, M., Gutierrez, B., Guzman-Parra, J., Hamshere, M.L., Hartmann,
A.M., Hauser, J., Heilmann-Heimbach, S., Hoffmann, P., Ising, M., Jones, I., Jones, L.A.,
Jonsson, L., Kahn, R.S., Kelsoe, J.R., Kendler, K.S., Kloiber, S., Koenen, K.C., Kogevinas, M.,
Krebs, M.-O., Landén, M., Leboyer, M., Lee, P.H., Levinson, D.F., Liao, C., Lissowska, J.,
Mayoral, F., McElroy, S.L., McGrath, P., McGuffin, P., McQuillin, A., Mehta, D., Melle, I., Mitchell,
P.B., Molina, E., Morken, G., Nievergelt, C., Néthen, M.M., O’'Donovan, M.C., Ophoff, R.A., Owen,
M.J., Pato, C., Pato, M.T., Penninx, B.W.J.H., Potash, J.B., Power, R.A., Preisig, M., Quested,
D., Ramos-Quiroga, J.A., Reif, A., Ribasés, M., Richarte, V., Rietschel, M., Rivera, M., Roberts,
A., Roberts, G., Rouleau, G.A., Rovaris, D.L., Sanders, A.R., Schofield, P.R., Schulze, T.G,,
Scott, L.J., Serretti, A., Shi, J., Sirignano, L., Sklar, P., Smeland, O.B., Smoller, J.W., Sonuga-
Barke, E.J.S., Trzaskowski, M., Tsuang, M.T., Turecki, G., Vilar-Ribg, L., Vincent, J.B., Vdlzke,
H., Walters, J.T.R., Weickert, C.S., Weickert, T.W., Weissman, M.M., Williams, L.M., Wray, N.R.,
Zai, C.C., Agerbo, E., Bagrglum, A.D., Breen, G., Demontis, D., Erlangsen, A., Gelernter, J., Glatt,
S.J., Hougaard, D.M., Hwu, H.-G., Kuo, P.-H., Lewis, C.M., Li, Q.S., Liu, C.-M., Martin, N.G.,
Mclntosh, A.M., Medland, S.E., Mors, O., Nordentoft, M., Olsen, C.M., Porteous, D., Smith, D.J.,
Stahl, E.A., Stein, M.B., Wasserman, D., Werge, T., Whiteman, D.C., Willour, V., VA Million
Veteran Program (MVP), MVP Suicide Exemplar Workgroup, Suicide Working Group of the
Psychiatric Genomics Consortium, Major Depressive Disorder Working Group of the Psychiatric
Genomics Consortium, Bipolar Disorder Working Group of the Psychiatric Genomics Consortium,
Schizophrenia Working Group of the Psychiatric Genomics Consortium, Eating Disorder Working
Group of the Psychiatric Genomics Consortium, German Borderline Genomics Consortium, Coon,
H., Beckham, J.C., Kimbrel, N.A., Ruderfer, D.M., 2023. GWAS Meta-Analysis of Suicide Attempt:
Identification of 12 Genome-Wide Significant Loci and Implication of Genetic Risks for Specific
Health Factors. Am. J. Psychiatry 180, 723-738.



Journal Pre-proof

Dold, M., Bartova, L., Souery, D., Mendlewicz, J., Serretti, A., Porcelli, S., Zohar, J., Montgomery, S.,
Kasper, S., 2017. Clinical characteristics and treatment outcomes of patients with major
depressive disorder and comorbid anxiety disorders - results from a European multicenter study.
J. Psychiatr. Res. 91, 1-13.

Eijsbouts, C., Zheng, T., Kennedy, N.A., Bonfiglio, F., Anderson, C.A., Moutsianas, L., Holliday, J.,
Shi, J., Shringarpure, S., 23andMe Research Team, Voda, A.-l., Bellygenes Initiative, Farrugia,
G., Franke, A., Hiubenthal, M., Abecasis, G., Zawistowski, M., Skogholt, A.H., Ness-Jensen, E.,
Hveem, K., Esko, T., Teder-Laving, M., Zhernakova, A., Camilleri, M., Boeckxstaens, G.,
Whorwell, P.J., Spiller, R., McVean, G., D’Amato, M., Jostins, L., Parkes, M., 2021. Genome-wide
analysis of 53,400 people with irritable bowel syndrome highlights shared genetic pathways with
mood and anxiety disorders. Nat. Genet. 53, 1543-1552.

Fabbri, C., Hagenaars, S.P., John, C., Williams, A.T., Shrine, N., Moles, L., Hanscombe, K.B., Serretti,
A., Shepherd, D.J., Free, R.C., Wain, L.V., Tobin, M.D., Lewis, C.M., 2021. Genetic and clinical
characteristics of treatment-resistant depression using primary care records in two UK cohorts.
Mol. Psychiatry 26, 3363-3373.

Falola, M.1., Limdi, N., Shelton, R.C., 2017. Clinical and Genetic Predictors of Delayed Remission After
Multiple Levels of Antidepressant Treatment: Toward Early Identification of Depressed Individuals
for Advanced Care Options. J. Clin. Psychiatry 78, €1291-e1298.

Forstner, A.J., Awasthi, S., Wolf, C., Maron, E., Erhardt, A., Czamara, D., Eriksson, E., Lavebratt, C.,
Allgulander, C., Friedrich, N., Becker, J., Hecker, J., Rambau, S., Conrad, R., Geiser, F.,
McMahon, F.J., Moebus, S., Hess, T., Buerfent, B.C., Hoffmann, P., Herms, S., Heilmann-
Heimbach, S., Kockum, I., Olsson, T., Alfredsson, L., Weber, H., Alpers, G.W., Arolt, V., Fehm,
L., Fydrich, T., Gerlach, A.L., Hamm, A., Kircher, T., Pané-Farré, C.A., Pauli, P., Rief, W., Stréhle,
A., Plag, J., Lang, T., Wittchen, H.-U., Mattheisen, M., Meier, S., Metspalu, A., Domschke, K.,
Reif, A., Hovatta, |., Lindefors, N., Andersson, E., Schalling, M., Mbarek, H., Milaneschi, Y., de
Geus, E.J.C., Boomsma, D.l., Penninx, B.W.J.H., Thorgeirsson, T.E., Steinberg, S., Stefansson,
K., Stefansson, H., Miller-Myhsok, B., Hansen, T.F., Bgrglum, A.D., Werge, T., Mortensen, P.B.,
Nordentoft, M., Hougaard, D.M., Hultman, C.M., Sullivan, P.F., N6then, M.M., Woldbye, D.P.D.,
Mors, O., Binder, E.B., Rick, C., Ripke, S., Deckert, J., Schumacher, J., 2021. Genome-wide
association study of panic disorder reveals genetic overlap with neuroticism and depression. Mol.
Psychiatry 26, 4179-4190.

Freeman, E.W., Sammel, M.D., Boorman, D.W., Zhang, R., 2014. Longitudinal pattern of depressive
symptoms around natural menopause. JAMA Psychiatry 71, 36-43.

Freeman, E.W., Sammel, M.D., Lin, H., Nelson, D.B., 2006. Associations of hormones and
menopausal status with depressed mood in women with no history of depression. Arch. Gen.
Psychiatry 63, 375-382.

Friedman, E.S., Davis, L..L., Zisook, S., Wisniewski, S.R., Trivedi, M.H., Fava, M., Rush, A.J., CO-
MED Study Team, 2012. Baseline depression severity as a predictor of single and combination
antidepressant treatment outcome: results from the CO-MED trial. Eur. Neuropsychopharmacol.
22, 183-199.

Harald, B., Gordon, P., 2012. Meta-review of depressive subtyping models. J. Affect. Disord. 139,
126-140.

Hatoum, A.S., Colbert, S.M.C., Johnson, E.C., Huggett, S.B., Deak, J.D., Pathak, G., Jennings, M.V.,
Paul, S.E., Karcher, N.R., Hansen, |., Baranger, D.A.A., Edwards, A., Grotzinger, A., Substance
Use Disorder Working Group of the Psychiatric Genomics Consortium, Tucker-Drob, E.M.,
Kranzler, H.R., Davis, L.K., Sanchez-Roige, S., Polimanti, R., Gelernter, J., Edenberg, H.J.,
Bogdan, R., Agrawal, A., 2023. Multivariate genome-wide association meta-analysis of over 1
million subjects identifies loci underlying multiple substance use disorders. Nat Ment Health 1,
210-223.

Howes, O.D., Thase, M.E., Pillinger, T., 2022. Treatment resistance in psychiatry: state of the art and
new directions. Mol. Psychiatry 27, 58-72.



Journal Pre-proof

Janssens, K., Zijlema, W., Joustra, M., Rosmalen, J., 2015. Mood and anxiety disorders in chronic
fatigue syndrome, fibromyalgia, and irritable bowel syndrome. Results from LifeLines. Journal of
Psychosomatic Research. https://doi.org/10.1016/j.jpsychores.2015.03.062

Johnson, E.C., Demontis, D., Thorgeirsson, T.E., Walters, R.K., Polimanti, R., Hatoum, A.S., Sanchez-
Roige, S., Paul, S.E., Wendt, F.R., Clarke, T.-K., Lai, D., Reginsson, G.W., Zhou, H., He, J.,
Baranger, D.A.A., Gudbjartsson, D.F., Wedow, R., Adkins, D.E., Adkins, A.E., Alexander, J.,
Bacanu, S.-A., Bigdeli, T.B., Boden, J., Brown, S.A., Bucholz, K.K., Bybjerg-Grauholm, J., Corley,
R.P., Degenhardt, L., Dick, D.M., Domingue, B.W., Fox, L., Goate, A.M., Gordon, S.D., Hack,
L.M., Hancock, D.B., Hartz, S.M., Hickie, I.B., Hougaard, D.M., Krauter, K., Lind, P.A., McClintick,
J.N., McQueen, M.B., Meyers, J.L., Montgomery, G.W., Mors, O., Mortensen, P.B., Nordentoft,
M., Pearson, J.F., Peterson, R.E., Reynolds, M.D., Rice, J.P., Runarsdottir, V., Saccone, N.L.,
Sherva, R., Silberg, J.L., Tarter, R.E., Tyrfingsson, T., Wall, T.L., Webb, B.T., Werge, T., Wetherill,
L., Wright, M.J., Zellers, S., Adams, M.J., Bierut, L.J., Boardman, J.D., Copeland, W.E., Farrer,
L.A., Foroud, T.M., Gillespie, N.A., Grucza, R.A., Harris, K.M., Heath, A.C., Hesselbrock, V.,
Hewitt, J.K., Hopfer, C.J., Horwood, J., lacono, W.G., Johnson, E.O., Kendler, K.S., Kennedy,
M.A., Kranzler, H.R., Madden, P.A.F., Maes, H.H., Maher, B.S., Martin, N.G., McGue, M.,
Mclintosh, A.M., Medland, S.E., Nelson, E.C., Porjesz, B., Riley, B.P., Stallings, M.C., Vanyukov,
M.M., Vrieze, S., Psychiatric Genomics Consortium Substance Use Disorders Workgroup, Davis,
L.K., Bogdan, R., Gelernter, J., Edenberg, H.J., Stefansson, K., Barglum, A.D., Agrawal, A., 2020.
A large-scale genome-wide association study meta-analysis of cannabis use disorder. Lancet
Psychiatry 7, 1032—-1045.

Johnston, K.J.A., Adams, M.J., Nicholl, B.l., Ward, J., Strawbridge, R.J., Ferguson, A., McIntosh, A.M.,
Bailey, M.E.S., Smith, D.J., 2019. Genome-wide association study of multisite chronic pain in UK
Biobank. PLoS Genet. 15, €1008164.

Kautzky, A., Dold, M., Bartova, L., Spies, M., Kranz, G.S., Souery, D., Montgomery, S., Mendlewicz,
J., Zohar, J., Fabbri, C., Serretti, A., Lanzenberger, R., Dikeos, D., Rujescu, D., Kasper, S., 2019.
Clinical factors predicting treatment resistant depression: affirmative results from the European
multicenter study. Acta Psychiatr. Scand. 139, 78-88.

Kennedy, S.H., Lam, R.W., Mcintyre, R.S., Tourjman, S.V., Bhat, V., Blier, P., Hasnain, M., Jollant,
F., Levitt, A.J., MacQueen, G.M., Mclnerney, S.J., Mcintosh, D., Milev, R.V., Miiller, D.J., Parikh,
S.V., Pearson, N.L., Ravindran, A.V., Uher, R.,, CANMAT Depression Work Group, 2016.
Canadian Network for Mood and Anxiety Treatments (CANMAT) 2016 Clinical Guidelines for the
Management of Adults with Major Depressive Disorder: Section 3. Pharmacological Treatments.
Can. J. Psychiatry 61, 540-560.

Kraus, C., Kadriu, B., Lanzenberger, R., Zarate, C.A., Jr, Kasper, S., 2020. Prognosis and Improved
Outcomes in Major Depression: A Review. Focus 18, 220-235.

Kufak-Bejda, A., Bejda, G., Waszkiewicz, N., 2017. Antidepressants for irritable bowel syndrome-A
systematic review. Pharmacol. Rep. 69, 1366-1379.

Lage, I., McCoy, T.H., Jr, Perlis, R.H., Doshi-Velez, F., 2022. Efficiently identifying individuals at high
risk for treatment resistance in major depressive disorder using electronic health records. J.
Affect. Disord. 306, 254—259.

Lambert, S.A., Gil, L., Jupp, S., Ritchie, S.C., Xu, Y., Buniello, A., McMahon, A., Abraham, G.,
Chapman, M., Parkinson, H., Danesh, J., MacArthur, J.A.L., Inouye, M., 2021. The Polygenic
Score Catalog as an open database for reproducibility and systematic evaluation. Nat. Genet. 53,
420-425.

Landi, I., Kaji, D.A., Cotter, L., Van Vleck, T., Belbin, G., Preuss, M., Loos, R.J.F., Kenny, E.,
Glicksberg, B.S., Beckmann, N.D., O'Reilly, P., Schadt, E.E., Achtyes, E.D., Buckley, P.F.,
Lehrer, D., Malaspina, D.P., McCarroll, S.A., Rapaport, M.H., Fanous, A.H., Pato, M.T., Pato,
C.N., Bigdeli, T.B., Nadkarni, G.N., Charney, AW., 2021. Prognostic value of polygenic risk
scores for adults with psychosis. Nat. Med. 27, 1576-1581.



Journal Pre-proof

Lane, J.M., Jones, S.E., Dashti, H.S., Wood, A.R., Aragam, K.G., van Hees, V.T., Strand, L.B,,
Winsvold, B.S., Wang, H., Bowden, J., Song, Y., Patel, K., Anderson, S.G., Beaumont, R.N.,
Bechtold, D.A., Cade, B.E., Haas, M., Kathiresan, S., Little, M.A., Luik, A.l., Loudon, A.S., Purcell,
S., Richmond, R.C., Scheer, F.A.J.L., Schormair, B., Tyrrell, J., Winkelman, J.W., Winkelmann,
J., HUNT All In Sleep, Hveem, K., Zhao, C., Nielsen, J.B., Willer, C.J., Redline, S., Spiegelhalder,
K., Kyle, S.D., Ray, D.W., Zwart, J.-A., Brumpton, B., Frayling, T.M., Lawlor, D.A., Rutter, M.K.,
Weedon, M.N., Saxena, R., 2019. Biological and clinical insights from genetics of insomnia
symptoms. Nat. Genet. 51, 387-393.

Levey, D.F., Gelernter, J., Polimanti, R., Zhou, H., Cheng, Z., Aslan, M., Quaden, R., Concato, J.,
Radhakrishnan, K., Bryois, J., Sullivan, P.F., Million Veteran Program, Stein, M.B., 2020.
Reproducible Genetic Risk Loci for Anxiety: Results From ~200,000 Participants in the Million
Veteran Program. Am. J. Psychiatry 177, 223-232.

Levey, D.F., Stein, M.B., Wendt, F.R., Pathak, G.A., Zhou, H., Aslan, M., Quaden, R., Harrington,
K.M., Nufiez, Y.Z., Overstreet, C., Radhakrishnan, K., Sanacora, G., Mcintosh, A.M., Shi, J.,
Shringarpure, S.S., 23andMe Research Team, Million Veteran Program, Concato, J., Polimanti,
R., Gelernter, J., 2021. Bi-ancestral depression GWAS in the Million Veteran Program and meta-
analysis in >1.2 million individuals highlight new therapeutic directions. Nat. Neurosci. 24, 954—
963.

Lin, S.-Y., Sung, F.-C., Lin, C.-L., Chou, L.-W., Hsu, C.-Y., Kao, C.-H., 2018. Association of Depression
and Cervical Spondylosis: A Nationwide Retrospective Propensity Score-Matched Cohort Study.
J. Clin. Med. Res. 7. https://doi.org/10.3390/jcm7110387

Li, Q.S., Shabalin, A.A., DiBlasi, E., Gopal, S., Canuso, C.M., FinnGen, International Suicide Genetics
Consortium, Palotie, A., Drevets, W.C., Docherty, A.R., Coon, H., 2023. Genome-wide
association study meta-analysis of suicide death and suicidal behavior. Mol. Psychiatry 28, 891—
900.

Locke, G.R., 3rd, Weaver, A.L., Melton, L.J., 3rd, Talley, N.J., 2004. Psychosocial factors are linked
to functional gastrointestinal disorders: a population based nested case-control study. Am. J.
Gastroenterol. 99, 350-357.

Maki, P.M., Kornstein, S.G., Joffe, H., Bromberger, J.T., Freeman, E.W., Athappilly, G., Bobo, W.V.,
Rubin, L.H., Koleva, H.K., Cohen, L.S., Soares, C.N., Board of Trustees for The North American
Menopause Society (NAMS) and the Women and Mood Disorders Task Force of the National
Network of Depression Centers, 2018. Guidelines for the evaluation and treatment of
perimenopausal depression: summary and recommendations. Menopause 25, 1069-1085.

McAllister-Williams, R.H., Christmas, D.M.B., Cleare, A.J., Currie, A., Gledhill, J., Insole, L., Malizia,
A.L., McGeever, M., Morriss, R., Robinson, L.J., Scott, M., Stokes, P.R.A., Talbot, P.S., Young,
A.H., 2018. Multiple-therapy-resistant major depressive disorder: a clinically important concept.
Br. J. Psychiatry 212, 274-278.

Mclintyre, R.S., Alsuwaidan, M., Baune, B.T., Berk, M., Demyttenaere, K., Goldberg, J.F., Gorwood,
P., Ho, R., Kasper, S., Kennedy, S.H., Ly-Uson, J., Mansur, R.B., McAllister-Williams, R.H.,
Murrough, J.W., Nemeroff, C.B., Nierenberg, A.A., Rosenblat, J.D., Sanacora, G., Schatzberg,
A.F., Shelton, R., Stahl, S.M., Trivedi, M.H., Vieta, E., Vinberg, M., Williams, N., Young, A.H., Maj,
M., 2023. Treatment-resistant depression: definition, prevalence, detection, management, and
investigational interventions. World Psychiatry 22, 394-412.

Mullins, N., Forstner, A.J., O’'Connell, K.S., Coombes, B., Coleman, J.R.l., Qiao, Z., Als, T.D., Bigdeli,
T.B., Bgrte, S., Bryois, J., Charney, AW., Drange, O.K., Gandal, M.J., Hagenaars, S.P., lkeda,
M., Kamitaki, N., Kim, M., Krebs, K., Panagiotaropoulou, G., Schilder, B.M., Sloofman, L.G.,
Steinberg, S., Trubetskoy, V., Winsvold, B.S., Won, H.-H., Abramova, L., Adorjan, K., Agerbo, E.,
Al Eissa, M., Albani, D., Alliey-Rodriguez, N., Anjorin, A., Antilla, V., Antoniou, A., Awasthi, S.,
Baek, J.H., Baekvad-Hansen, M., Bass, N., Bauer, M., Beins, E.C., Bergen, S.E., Birner, A,
Backer Pedersen, C., Bgen, E., Boks, M.P., Bosch, R., Brum, M., Brumpton, B.M., Brunkhorst-
Kanaan, N., Budde, M., Bybjerg-Grauholm, J., Byerley, W., Cairns, M., Casas, M., Cervantes, P.,



Journal Pre-proof

Clarke, T.-K., Cruceanu, C., Cuellar-Barboza, A., Cunningham, J., Curtis, D., Czerski, P.M., Dale,
A.M., Dalkner, N., David, F.S., Degenhardt, F., Djurovic, S., Dobbyn, A.L., Douzenis, A.,
Elvsashagen, T., Escott-Price, V., Ferrier, I.N., Fiorentino, A., Foroud, T.M., Forty, L., Frank, J.,
Frei, O., Freimer, N.B., Frisén, L., Gade, K., Garnham, J., Gelernter, J., Gigrtz Pedersen, M.,
Gizer, I.R., Gordon, S.D., Gordon-Smith, K., Greenwood, T.A., Grove, J., Guzman-Parra, J., Ha,
K., Haraldsson, M., Hautzinger, M., Heilbronner, U., Hellgren, D., Herms, S., Hoffmann, P.,
Holmans, P.A., Huckins, L., Jamain, S., Johnson, J.S., Kalman, J.L., Kamatani, Y., Kennedy, J.L.,
Kittel-Schneider, S., Knowles, J.A., Kogevinas, M., Koromina, M., Kranz, T.M., Kranzler, H.R.,
Kubo, M., Kupka, R., Kushner, S.A., Lavebratt, C., Lawrence, J., Leber, M., Lee, H.-J., Lee, P.H.,
Levy, S.E., Lewis, C., Liao, C., Lucae, S., Lundberg, M., Maclintyre, D.J., Magnusson, S.H., Maier,
W., Maihofer, A., Malaspina, D., Maratou, E., Martinsson, L., Mattheisen, M., McCarroll, S.A.,
McGregor, N.W., McGuffin, P., McKay, J.D., Medeiros, H., Medland, S.E., Millischer, V.,
Montgomery, G.W., Moran, J.L., Morris, D.W., Mihleisen, T.W., O’'Brien, N., O’'Donovan, C., Olde
Loohuis, L.M., Oruc, L., Papiol, S., Pardifas, A.F., Perry, A., Pfennig, A., Porichi, E., Potash, J.B.,
Quested, D., Raj, T., Rapaport, M.H., DePaulo, J.R., Regeer, E.J.; Rice, J.P., Rivas, F., Rivera,
M., Roth, J., Roussos, P., Ruderfer, D.M., Sanchez-Mora, C., Schulte, E.C., Senner, F., Sharp,
S., Shilling, P.D., Sigurdsson, E., Sirignano, L., Slaney, C., Smeland, O.B., Smith, D.J., Sobell,
J.L., Seholm Hansen, C., Soler Artigas, M., Spijker, A.T., Stein, D.J., Strauss, J.S., Swigtkowska,
B., Terao, C., Thorgeirsson, T.E., Toma, C., Tooney, P., Tsermpini, E.-E., Vawter, M.P., Vedder,
H., Walters, J.T.R., Witt, S.H., Xi, S., Xu, W., Yang, J.M.K., Young, A.H., Young, H., Zandi, P.P.,
Zhou, H., Zillich, L., HUNT All-In Psychiatry, Adolfsson, R., Agartz, |., Alda, M., Alfredsson, L.,
Babadjanova, G., Backlund, L., Baune, B.T., Bellivier, F., Bengesser, S., Berrettini, W.H.,
Blackwood, D.H.R., Boehnke, M., Bgrglum, A.D., Breen, G., Carr, V.J., Catts, S., Corvin, A,
Craddock, N., Dannlowski, U., Dikeos, D., Esko, T., Etain, B., Ferentinos, P., Frye, M., Fullerton,
J.M., Gawlik, M., Gershon, E.S., Goes, F.S., Green, M.J., Grigoroiu-Serbanescu, M., Hauser, J.,
Henskens, F., Hillert, J., Hong, K.S., Hougaard, D.M., Hultman, C.M., Hveem, K., lwata, N.,
Jablensky, A.V., Jones, |., Jones, L.A., Kahn, R.S., Kelsoe, J.R., Kirov, G., Landén, M., Leboyer,
M., Lewis, C.M., Li, Q.S., Lissowska, J., Lochner, C., Loughland, C., Martin, N.G., Mathews, C.A.,
Mayoral, F., McElroy, S.L., Mcintosh, A.M., McMahon, F.J., Melle, I., Michie, P., Milani, L.,
Mitchell, P.B., Morken, G., Mors, O., Mortensen, P.B., Mowry, B., Miller-Myhsok, B., Myers, R.M.,
Neale, B.M., Nievergelt, C.M., Nordentoft, M., Néthen, M.M., O’'Donovan, M.C., Oedegaard, K.J.,
Olsson, T., Owen, M.J., Paciga, S.A., Pantelis, C., Pato, C., Pato, M.T., Patrinos, G.P., Perlis,
R.H., Posthuma, D., Ramos-Quiroga, J.A., Reif, A., Reininghaus, E.Z., Ribasés, M., Rietschel,
M., Ripke, S., Rouleau, G.A., Saito, T., Schall, U., Schalling, M., Schofield, P.R., Schulze, T.G.,
Scott, L.J., Scott, R.J., Serretti, A., Shannon Weickert, C., Smoller, J.W., Stefansson, H.,
Stefansson, K., Stordal, E., Streit, F., Sullivan, P.F., Turecki, G., Vaaler, A.E., Vieta, E., Vincent,
J.B., Waldman, .D:, Weickert, T.W., Werge, T., Wray, N.R., Zwart, J.-A., Biernacka, J.M.,
Nurnberger, J.1., Cichon, S., Edenberg, H.J., Stahl, E.A., McQuillin, A., Di Florio, A., Ophoff, R.A.,
Andreassen, O.A., 2021. Genome-wide association study of more than 40,000 bipolar disorder
cases provides new insights into the underlying biology. Nat. Genet. 53, 817—829.

Nievergelt, C.M., Maihofer, A.X., Klengel, T., Atkinson, E.G., Chen, C.-Y., Choi, KW., Coleman, J.R.I.,
Dalvie, S., Duncan, L.E., Gelernter, J., Levey, D.F., Logue, M.W., Polimanti, R., Provost, A.C.,
Ratanatharathorn, A., Stein, M.B., Torres, K., Aiello, A.E., Almli, L.M., Amstadter, A.B., Andersen,
S.B., Andreassen, O.A., Arbisi, P.A., Ashley-Koch, A.E., Austin, S.B., Avdibegovic, E., Babi¢, D.,
Baekvad-Hansen, M., Baker, D.G., Beckham, J.C., Bierut, L.J., Bisson, J.I., Boks, M.P., Bolger,
E.A., Begrglum, A.D., Bradley, B., Brashear, M., Breen, G., Bryant, R.A., Bustamante, A.C.,
Bybjerg-Grauholm, J., Calabrese, J.R., Caldas-de-Almeida, J.M., Dale, A.M., Daly, M.J.,
Daskalakis, N.P., Deckert, J., Delahanty, D.L., Dennis, M.F., Disner, S.G., Domschke, K., Dzubur-
Kulenovic, A., Erbes, C.R., Evans, A., Farrer, L.A., Feeny, N.C., Flory, J.D., Forbes, D., Franz,
C.E., Galea, S., Garrett, M.E., Gelaye, B., Geuze, E., Gillespie, C., Uka, A.G., Gordon, S.D.,
Guffanti, G., Hammamieh, R., Harnal, S., Hauser, M.A., Heath, A.C., Hemmings, S.M.J.,



Journal Pre-proof

Hougaard, D.M., Jakovljevic, M., Jett, M., Johnson, E.O., Jones, |., Jovanovic, T., Qin, X.-J.,
Junglen, A.G., Karstoft, K.-I., Kaufman, M.L., Kessler, R.C., Khan, A., Kimbrel, N.A., King, A.P.,
Koen, N., Kranzler, H.R., Kremen, W.S., Lawford, B.R., Lebois, L.A.M., Lewis, C.E., Linnstaedt,
S.D,, Lori, A., Lugonja, B., Luykx, J.J., Lyons, M.J., Maples-Keller, J., Marmar, C., Martin, A.R.,
Martin, N.G., Maurer, D., Mavissakalian, M.R., McFarlane, A., McGlinchey, R.E., McLaughlin,
K.A., McLean, S.A., McLeay, S., Mehta, D., Milberg, W.P., Miller, M.W., Morey, R.A., Morris, C.P.,
Mors, O., Mortensen, P.B., Neale, B.M., Nelson, E.C., Nordentoft, M., Norman, S.B., O’Donnell,
M., Orcutt, H.K., Panizzon, M.S., Peters, E.S., Peterson, A.L., Peverill, M., Pietrzak, R.H.,
Polusny, M.A., Rice, J.P., Ripke, S., Risbrough, V.B., Roberts, A.L., Rothbaum, A.O., Rothbaum,
B.0O., Roy-Byrne, P., Ruggiero, K., Rung, A., Rutten, B.P.F., Saccone, N.L., Sanchez, S.E.,
Schijven, D., Seedat, S., Seligowski, A.V., Seng, J.S., Sheerin, C.M., Silove, D., Smith, A.K,,
Smoller, J.W., Sponheim, S.R., Stein, D.J., Stevens, J.S., Sumner, J.A., Teicher, M.H.,
Thompson, W.K., Trapido, E., Uddin, M., Ursano, R.J., van den Heuvel, L.L., Van Hooff, M.,
Vermetten, E., Vinkers, C.H., Voisey, J., Wang, Y., Wang, Z., Werge, T., Williams, M.A.,
Williamson, D.E., Winternitz, S., Wolf, C., Wolf, E.J., Wolff, J.D., Yehuda, R., Young, R.M., Young,
K.A., Zhao, H., Zoellner, L.A., Liberzon, |., Ressler, K.J., Haas, M., Koenen, K.C., 2019.
International meta-analysis of PTSD genome-wide association studies identifies sex- and
ancestry-specific genetic risk loci. Nat. Commun. 10, 4558.

Olson, J.E., Ryu, E., Hathcock, M.A., Gupta, R., Bublitz, J.T., Takahashi, P.Y., Bielinski, S.J., St
Sauver, J.L., Meagher, K., Sharp, R.R., Thibodeau, S.N., Cicek, M., Cerhan, J.R., 2019.
Characteristics and utilisation of the Mayo Clinic Biobank, a clinic-based prospective collection in
the USA: cohort profile. BMJ Open 9, e032707.

Overall, J.E., 1974. Methodologic issues in the epidemiclogy of treatment resistant depression.
Contribution to epidemiology. Pharmakopsychiatr..Neuropsychopharmakol. 7, 129-138.

Papakostas, G.l., 2012. Surrogate markers of treatment outcome in major depressive disorder. The
International Journal of Neuropsychopharmacology. https://doi.org/10.1017/s1461145711001246

Pathak, J., Murphy, S.P., Willaert, B.N., Kremers, H.M., Yawn, B.P., Rocca, W.A., Chute, C.G., 2011.
Using RxNorm and NDF-RT to classify medication data extracted from electronic health records:
experiences from the Rochester Epidemiology Project. AMIA Annu. Symp. Proc. 2011, 1089—
1098.

Perlis, R.H., Fava, M., McCoy, T.H., Jr, 2019. Can electronic health records revive central nervous
system clinical trials? Mol. Psychiatry 24, 1096—-1098.

Perlis, R.H., losifescu, D.V., Castro, V.M., Murphy, S.N., Gainer, V.S., Minnier, J., Cai, T., Goryachev,
S., Zeng, Q., Gallagher, P.J., Fava, M., Weilburg, J.B., Churchill, S.E., Kohane, 1.S., Smoller,
J.W., 2012. Using electronic medical records to enable large-scale studies in psychiatry:
treatment resistant depression as a model. Psychol. Med. 42, 41-50.

Privé, F., Arbel, J., Vilhjalmsson, B.J., 2021. LDpred2: better, faster, stronger. Bioinformatics 36,
5424-5431.

Privé, F., Aschard, H., Carmi, S., Folkersen, L., Hoggart, C., O'Reilly, P.F., Vilhjdlmsson, B.J., 2022.
Portability of 245 polygenic scores when derived from the UK Biobank and applied to 9 ancestry
groups from the same cohort. Am. J. Hum. Genet. 109, 373.

Rizvi, S.J., Grima, E., Tan, M., Rotzinger, S., Lin, P., Mcintyre, R.S., Kennedy, S.H., 2014. Treatment-
resistant depression in primary care across Canada. Can. J. Psychiatry 59, 349-357.

Ruhé, H.G., van Rooijen, G., Spijker, J., Peeters, F.P.M.L., Schene, A.H., 2012. Staging methods for
treatment resistant depression. A systematic review. J. Affect. Disord. 137, 35-45.

Rush, A.J., Trivedi, M.H., Wisniewski, S.R., Nierenberg, A.A., Stewart, J.W., Warden, D., Niederehe,
G., Thase, M.E., Lavori, P.W., Lebowitz, B.D., McGrath, P.J., Rosenbaum, J.F., Sackeim, H.A.,
Kupfer, D.J., Luther, J., Fava, M., 2006. Acute and longer-term outcomes in depressed
outpatients requiring one or several treatment steps: a STAR*D report. Am. J. Psychiatry 163,
1905-1917.



Journal Pre-proof

Saunders, G.R.B., Wang, X., Chen, F., Jang, S.-K., Liu, M., Wang, C., Gao, S., Jiang, Y.,
Khunsriraksakul, C., Otto, J.M., Addison, C., Akiyama, M., Albert, C.M., Aliev, F., Alonso, A,
Arnett, D.K., Ashley-Koch, A.E., Ashrani, A.A., Barnes, K.C., Barr, R.G., Bartz, T.M., Becker,
D.M., Bielak, L.F., Benjamin, E.J., Bis, J.C., Bjornsdottir, G., Blangero, J., Bleecker, E.R.,
Boardman, J.D., Boerwinkle, E., Boomsma, D.l., Boorgula, M.P., Bowden, D.W., Brody, J.A.,
Cade, B.E., Chasman, D.l., Chavan, S., Chen, Y.-D.l., Chen, Z., Cheng, |., Cho, M.H., Choquet,
H., Cole, J.W., Cornelis, M.C., Cucca, F., Curran, J.E., de Andrade, M., Dick, D.M., Docherty,
A.R., Duggirala, R., Eaton, C.B., Ehringer, M.A., Esko, T., Faul, J.D., Fernandes Silva, L., Fiorillo,
E., Fornage, M., Freedman, B.l., Gabrielsen, M.E., Garrett, M.E., Gharib, S.A., Gieger, C.,
Gillespie, N., Glahn, D.C., Gordon, S.D., Gu, C.C., Gu, D., Gudbjartsson, D.F., Guo, X., Haessler,
J., Hall, M.E., Haller, T., Harris, K.M., He, J., Herd, P., Hewitt, J.K., Hickie, I., Hidalgo, B.,
Hokanson, J.E., Hopfer, C., Hottenga, J., Hou, L., Huang, H., Hung, Y.-J., Hunter, D.J., Hveem,
K., Hwang, S.-J., Hwu, C.-M., lacono, W., Irvin, M.R., Jee, Y.H., Johnson, E.O., Joo, Y.Y.,
Jorgenson, E., Justice, A.E., Kamatani, Y., Kaplan, R.C., Kaprio, J., Kardia, S.L.R., Keller, M.C.,
Kelly, T.N., Kooperberg, C., Korhonen, T., Kraft, P., Krauter, K., Kuusisto, J., Laakso, M., Lasky-
Su, J., Lee, W.-J,, Lee, J.J., Levy, D., Li, L., Li, K,, Li, Y., Lin, K., Lind, P.A., Liu, C., Lloyd-Jones,
D.M., Lutz, S.M., Ma, J., Magi, R., Manichaikul, A., Martin, N.G., Mathur, R., Matoba, N., McArdle,
P.F., McGue, M., McQueen, M.B., Medland, S.E., Metspalu, A., Meyers, D.A., Millwood, 1.Y.,
Mitchell, B.D., Mohlke, K.L., Moll, M., Montasser, M.E., Marrison, A.C., Mulas, A., Nielsen, J.B.,
North, K.E., Oelsner, E.C., Okada, Y., Orru, V., Palmer, N.D., Palviainen, T., Pandit, A., Park,
S.L., Peters, U., Peters, A., Peyser, P.A., Polderman, T.J.C., Rafaels, N., Redline, S., Reed, R.M,,
Reiner, A.P., Rice, J.P., Rich, S.S., Richmond, N.E., Roan, C., Rotter, J.l., Rueschman, M.N.,
Runarsdottir, V., Saccone, N.L., Schwartz, D.A., Shadyab, A.H., Shi, J., Shringarpure, S.S.,
Sicinski, K., Skogholt, A.H., Smith, J.A., Smith, N.L., Sotoodehnia, N., Stallings, M.C., Stefansson,
H., Stefansson, K., Stitzel, J.A., Sun, X.,-Syed, M., Tal-Singer, R., Taylor, A.E., Taylor, K.D.,
Telen, M.J., Thai, K.K., Tiwari, H., Turman, C., Tyrfingsson, T., Wall, T.L., Walters, R.G., Weir,
D.R., Weiss, S.T., White, W.B., Whitfield, J.B., Wiggins, K.L., Willemsen, G., Willer, C.J.,
Winsvold, B.S., Xu, H., Yanek, L.R., Yin, J., Young, K.L., Young, K.A., Yu, B., Zhao, W., Zhou,
W., Zdllner, S., Zuccolo, L., Batini, C., Bergen, A\W., Bierut, L.J., David, S.P., Gagliano Taliun,
S.A., Hancock, D.B., Jiang, B., Munafd, M.R., Thorgeirsson, T.E., Liu, D.J., Vrieze, S., 2022.
Genetic diversity fuels gene discovery for tobacco and alcohol use. Nature 612, 720-724.

Smoller, J.W., 2018. The use of electronic health records for psychiatric phenotyping and genomics.
Am. J. Med. Genet. B Neuropsychiatr. Genet. 177, 601-612.

Solmaz, M., Kavuk, I., Sayar, K., 2003. Psychological factors in the irritable bowel syndrome. Eur. J.
Med. Res. 8, 549-556.

Souery, D., Amsterdam, J., de Montigny, C., Lecrubier, Y., Montgomery, S., Lipp, O., Racagni, G.,
Zohar, J., Mendlewicz, J., 1999. Treatment resistant depression: methodological overview and
operational criteria. Eur. Neuropsychopharmacol. 9, 83-91.

Souery, D., Oswald, P., Massat, |., Bailer, U., Bollen, J., Demyttenaere, K., Kasper, S., Lecrubier, Y.,
Montgomery, S., Serretti, A., Zohar, J., Mendlewicz, J., Group for the Study of Resistant
Depression, 2007. Clinical factors associated with treatment resistance in major depressive
disorder: results from a European multicenter study. J. Clin. Psychiatry 68, 1062—-1070.

Soysal, E., Wang, J., Jiang, M., Wu, Y., Pakhomov, S., Liu, H., Xu, H., 2018. CLAMP - a toolkit for
efficiently building customized clinical natural language processing pipelines. J. Am. Med. Inform.
Assoc. 25, 331-336.

Talley, N.J., Zand Irani, M., 2021. Optimal management of severe symptomatic gastroesophageal
reflux disease. J. Intern. Med. 289, 162-178.

Tanigawa, Y., Qian, J., Venkataraman, G., Justesen, J.M., Li, R., Tibshirani, R., Hastie, T., Rivas,
M.A., 2022. Significant sparse polygenic risk scores across 813 traits in UK Biobank. PLoS Genet.
18, €1010105.



Journal Pre-proof

Taylor, D.M., Barnes, T.R.E., Young, A.H., 2018. The Maudsley Prescribing Guidelines in Psychiatry.
John Wiley & Sons.

Watson, H.J., Yilmaz, Z., Thornton, L.M., Hiibel, C., Coleman, J.R.l., Gaspar, H.A., Bryois, J., Hinney,
A., Leppa, V.M., Mattheisen, M., Medland, S.E., Ripke, S., Yao, S., Giusti-Rodriguez, P., Anorexia
Nervosa Genetics Initiative, Hanscombe, K.B., Purves, K.L., Eating Disorders Working Group of
the Psychiatric Genomics Consortium, Adan, R.A.H., Alfredsson, L., Ando, T., Andreassen, O.A.,
Baker, J.H., Berrettini, W.H., Boehm, I., Boni, C., Perica, V.B., Buehren, K., Burghardt, R.,
Cassina, M., Cichon, S., Clementi, M., Cone, R.D., Courtet, P., Crow, S., Crowley, J.J., Danner,
U.N., Davis, O.S.P., de Zwaan, M., Dedoussis, G., Degortes, D., DeSaocio, J.E., Dick, D.M.,
Dikeos, D., Dina, C., Dmitrzak-Weglarz, M., Docampo, E., Duncan, L.E., Egberts, K., Ehrlich, S.,
Escaramis, G., Esko, T., Estivill, X., Farmer, A., Favaro, A., Fernandez-Aranda, F., Fichter, M.M.,
Fischer, K., Focker, M., Foretova, L., Forstner, A.J., Forzan, M., Franklin, C.S., Gallinger, S.,
Giegling, I., Giuranna, J., Gonidakis, F., Gorwood, P., Mayora, M.G., Guillaume, S., Guo, Y.,
Hakonarson, H., Hatzikotoulas, K., Hauser, J., Hebebrand, J., Helder, S.G., Herms, S., Herpertz-
Dahlmann, B., Herzog, W., Huckins, L.M., Hudson, J.1., Imgart, H.; Inoko, H., Janout, V., Jiménez-
Murcia, S., Julia, A., Kalsi, G., Kaminska, D., Kaprio, J., Karhunen, L., Karwautz, A., Kas, M.J.H.,
Kennedy, J.L., Keski-Rahkonen, A., Kiezebrink, K., Kim, Y.-R., Klareskog, L., Klump, K.L.,
Knudsen, G.P.S., La Via, M.C., Le Hellard, S., Levitan, R.D., Li, D., Lilenfeld, L., Lin, B.D.,
Lissowska, J., Luykx, J., Magistretti, P.J., Maj, M., Mannik, K., Marsal, S., Marshall, C.R.,
Mattingsdal, M., McDevitt, S., McGuffin, P., Metspalu, A., Meulenbelt, I., Micali, N., Mitchell, K.,
Monteleone, A.M., Monteleone, P., Munn-Chernoff, M.A., Nacmias, B., Navratilova, M., Ntalla, I.,
O'Toole, J.K., Ophoff, R.A., Padyukov, L., Palotie, A., Pantel, J., Papezova, H., Pinto, D.,
Rabionet, R., Raevuori, A., Ramoz, N., Reichborn-Kjennerud, T., Ricca, V., Ripatti, S., Ritschel,
F., Roberts, M., Rotondo, A., Rujescu, D., Rybakowski, F., Santonastaso, P., Scherag, A.,
Scherer, S.W., Schmidt, U., Schork, N.J., Schosser, A., Seitz, J., Slachtova, L., Slagboom, P.E.,
Slof-Op 't Landt, M.C.T., Slopien, A., Sorbi, S., Swigtkowska, B., Szatkiewicz, J.P., Tachmazidou,
I., Tenconi, E., Tortorella, A., Tozzi, F., Treasure, J., Tsitsika, A., Tyszkiewicz-Nwafor, M.,
Tziouvas, K., van Elburg, A.A., van Furth, E.F., Wagner, G., Walton, E., Widen, E., Zeggini, E.,
Zerwas, S., Zipfel, S., Bergen, A.W., Boden, J.M., Brandt, H., Crawford, S., Halmi, K.A., Horwood,
L.J., Johnson, C., Kaplan, A.S.; Kaye, W.H., Mitchell, J.E., Olsen, C.M., Pearson, J.F., Pedersen,
N.L., Strober, M., Werge, T., Whiteman, D.C., Woodside, D.B., Stuber, G.D., Gordon, S., Grove,
J., Henders, A.K., Juréus, A., Kirk, K.M., Larsen, J.T., Parker, R., Petersen, L., Jordan, J.,
Kennedy, M., Montgomery, G.W., Wade, T.D., Birgegard, A., Lichtenstein, P., Norring, C.,
Landén, M., Martin, N.G., Mortensen, P.B., Sullivan, P.F., Breen, G., Bulik, C.M., 2019. Genome-
wide association study identifies eight risk loci and implicates metabo-psychiatric origins for
anorexia nervosa. Nat. Genet. 51, 1207-1214.

Wei, W.-Q., Bastarache, L.A., Carroll, R.J., Marlo, J.E., Osterman, T.J., Gamazon, E.R., Cox, N.J.,
Roden, D.M., Denny, J.C., 2017. Evaluating phecodes, clinical classification software, and ICD-
9-CM codes for phenome-wide association studies in the electronic health record. PLoS One 12,
e0175508.

WHO, World Health Organization, 1993. The ICD-10 Classification of Mental and Behavioural
Disorders: Diagnostic Criteria for Research. World Health Organization.

Wolford, B.N., Willer, C.J., Surakka, I., 2018. Electronic health records: the next wave of complex
disease genetics. Hum. Mol. Genet. 27, R14-R21.

Zeng, Y., Cao, S., Yang, H., 2023. The causal role of gastroesophageal reflux disease in anxiety
disorders and depression: A bidirectional Mendelian randomization study. Front. Psychiatry 14,
1135923.

Zhdanava, M., Pilon, D., Ghelerter, I., Chow, W., Joshi, K., Lefebvre, P., Sheehan, J.J., 2021. The
Prevalence and National Burden of Treatment-Resistant Depression and Major Depressive
Disorder in the United States. J. Clin. Psychiatry 82. https://doi.org/10.4088/JCP.20m13699



Journal Pre-proof

Zhou, H., Sealock, J.M., Sanchez-Roige, S., Clarke, T.-K., Levey, D.F., Cheng, Z., Li, B., Polimanti,
R., Kember, R.L., Smith, R.V., Thygesen, J.H., Morgan, M.Y., Atkinson, S.R., Thursz, M.R.,
Nyegaard, M., Mattheisen, M., Bgrglum, A.D., Johnson, E.C., Justice, A.C., Palmer, A.A.,
McQuillin, A., Davis, L.K., Edenberg, H.J., Agrawal, A., Kranzler, H.R., Gelernter, J., 2020.
Genome-wide meta-analysis of problematic alcohol use in 435,563 individuals yields insights into
biology and relationships with other traits. Nat. Neurosci. 23, 809-818.

Zisook, S., Johnson, G.R., Tal, I., Hicks, P., Chen, P., Davis, L., Thase, M., Zhao, Y., Vertrees, J.,
Mohamed, S., 2019. General Predictors and Moderators of Depression Remission: A VAST-D
Report. Am. J. Psychiatry 176, 348-357.



Journal Pre-proof

Table 1. Description of the two biobank samples of patients with at least one MDD diagnostic

code and prescribed at least one antidepressant.

Characteristic MCB BioMe
(N=12558) (N=8206)

Age, y Median (Q1, Q3) | 66 (55, 76) 65 (54, 75)

Female N (%) 9050 (72.1%) 5548 (67.6%)

Race N (%)

White 11371 (90.5%) 1894 (23.1%)

Black/African American 88 (0.7%) 1600 (19.5%)

Asian 72 (0.6%) 162 (2.0%)

Native American/Alaskan Native 24 (0.2%) -

Other 63 (0.5%) 733 (8.9%)

Mixed/Unknown 940 (7.5%) 250 (3.0%)

Hispanic N (%) 192 (1.5%) 3567 (43.5%)

EHR measures

Length of record, y Median (IQR) 21 (11, 31) 9(6,12)

Log No. Diagnoses Median (IQR) 6.0 (5.4, 6.6) 5.6 (4.8, 6.2)

TRD measures

No. unique ADs Mean (Range) 2.24 (1to 12) 1.94(1t0 9)

1+ AD switch N (%) 1242 (9.9%) 654 (8.0%)

2+ AD switch N (%) 179 (1.4%) 67 (0.8%)

AD: antidepressant; EHR: electronic health record; Age: age at date of data pull; Median age of record is calculated for
each patient as the median time between each diagnosis date and date of data pull; Log No. diagnoses is the natural

log of total number of ICD codes for a patient
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Figure 1. PheWAS association plot based on the Mayo Clinic Biobank, showing associations
across the EHR phenome with three measures of treatment resistance: (A) Number of unique
prescriptions (capped at max of 7), (B) At least one switch of prescription within 14 weeks of
previous prescription, (C) At least two switches of prescription within 14 weeks of previous
prescription. Models are adjusted for patient’s length of EHR, total number of ICD codes, age at
biobank enrolment and self-reported race, ethnicity, and gender. Individual disease codes are
color-coded by their corresponding disease category as explained in the legend. The solid
lavender horizontal line represents the Bonferroni corrected p-value (0.05/1078 x 3 = 1.5e-5).
Points are represented by either upward triangles, indicating a positive association, or downward

triangles, indicating a negative association.
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