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Abstract
Background Observational data may inform novel drug development programs by identifying previously unappreciated, 
clinical benefits of existing drugs. Several preclinical and clinical studies have suggested emergent therapeutic utility of 
drugs acting on the N-methyl-d-aspartate (NMDA) receptor, a subtype of glutamate receptors, including the antidementia 
drug memantine.
Methods Using a self-controlled cohort study design, the association of exposure to the NMDA receptor antagonist meman-
tine with the incidence of all observed disease outcomes in four US administrative claims databases, spanning from January 
2000 through January 2019, was assessed. The databases used in this study were the IBM  MarketScan® Commercial Database 
(CCAE), the IBM  MarketScan® Multi-State Medicaid Database (MDCD), the IBM  MarketScan® Medicare Supplemental 
Database (MDCR), and the  Optum© De-Identified Clinformatics® Data Mart Database. Outcomes were defined according to 
the unique Systematized Nomenclature of Medicine–Clinical Terms (SNOMED CT) classification system codes and required 
a diagnosis on two or more distinct dates. Of 20,953 outcomes assessed, only those for which memantine was associated 
with a ≥ 50% reduction in risk in two or more databases were included. A meta-analysis with random effects was used to 
pool data across the databases.
Results Overall, 312,336 patients were exposed to memantine during the study. After removing conditions related to dementia 
and memory loss, 60 outcomes met the threshold criteria. Results fell into five disease categories: mental disorders, substance 
use disorders, pain, gastrointestinal and colon disorders, and demyelinating disease. The bulk of findings fell into the first 
two groups, with 28 outcomes related to mental disorders and 24 related to substance use disorders.
Conclusion The present results confirm that NMDA receptor antagonism may have broader therapeutic utility than previ-
ously recognized. Further observational and clinical research may be warranted to explore the therapeutic benefit of NMDA 
antagonists for the outcomes found in this study.
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1 Introduction

More than 2000 unique drug ingredients are currently being 
prescribed in the US, with many approved for a single indi-
cation. An enormous opportunity exists to leverage existing 
health outcomes data from real-world use of these medica-
tions to identify potentially new uses for these drugs, as well 
as to develop similar medications targeted for new thera-
peutic uses.

Memantine is an N-methyl-d-aspartate (NMDA) recep-
tor antagonist, a subset of glutamate receptors, and its real-
world use can be studied to identify unknown benefits of 
therapies that affect the NMDA pathway. Memantine is 
indicated for the treatment of moderate-to-severe dementia 
associated with Alzheimer’s disease and was approved by 
the US FDA in 2003 [1], the European Medicines Agency 
in 2002 [2], and also by other global regulatory agencies. 
The drug has an established safety profile [3, 4] and has 
been hypothesized to be an efficacious therapy for numer-
ous disease areas beyond dementia and Alzheimer’s disease, 
including mood disorders, neurodegenerative diseases, pain, 
drug dependence, and others [5]. Evidence from preclinical 
and clinical studies examining some of these off-label uses 
has been mixed [6, 7].
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Key Points 

Observational data can be used to identify unknown ben-
efits of existing drugs in order to aid new drug discovery 
and development.

This study found large protective associations between 
memantine, an NMDA receptor antagonist, and condi-
tions related to mood and psychotic disorders, substance 
use disorders, pain, multiple sclerosis, and gastrointesti-
nal/colon disorders.

The results suggest that NMDA receptor inhibition may 
have protective effects in multiple therapeutic areas, 
which could aid drug discovery.

higher predictive accuracy than other, more commonly used 
designs, such as case-control studies [16]. A separate analy-
sis was performed for every condition in each database (see 
the Sect. 2.1 below) to determine its association with the 
use of memantine. Figure 1 illustrates the study design for 
a single condition outcome. The REWARD framework has 
been used in previous studies examining treatments associ-
ated with the prevention of parkinsonism and Alzheimer’s 
disease [14, 15].

2.1  Data Sources

The analysis was executed in four US-based administrative 
claims databases. Each database contains data from adju-
dicated health insurance claims (e.g. inpatient, outpatient/
emergency department, and outpatient pharmacy) and health 
plan enrollment information. Briefly, the four databases 
included in this study were as follows.

1. IBM  MarketScan® Commercial Database (CCAE): 
Includes data from 144 million individuals enrolled 
in employer-sponsored insurance health plans. Data 
spanned 1 January 2000 through 31 January 2019.

2. IBM  MarketScan® Multi-State Medicaid Database 
(MDCD): A claims database for 28 million Medicaid 
enrollees from multiple states. Data spanned 1 January 
2006 through 30 June 2018.

3. IBM  MarketScan® Medicare Supplemental Database 
(MDCR): Includes data for more than 10 million retir-
ees with primary or Medicare supplemental coverage 
through privately insured fee-for-service, point-of-ser-
vice, or capitated health plans. Data spanned 1 January 
2000 through 31 January 2019.

4. Optum © De-Identified Clinformatics® Data Mart Data-
base. Includes 85 million members with private health 
insurance who are fully insured in commercial plans or 
Medicare Advantage. Data spanned 1 May 2000 through 
31 December 2018.

Data elements included were outpatient pharmacy dis-
pensing claims (coded with National Drug Codes), inpa-
tient and outpatient medical claims that provide diagnosis 
codes (coded in the International Classification of Diseases 
[ICD], Ninth Revision, Clinical Modification [ICD-9-CM] 
or ICD Tenth Revision, Clinical Modification [ICD-10-CM]) 
associated with a visit. The use of the IBM MarketScan and 
Optum claims databases was reviewed by the New England 
Institutional Review Board (IRB) and was determined to be 
exempt from broad IRB approval, as this research project did 
not involve human subjects research.

The use of administrative health insurance claims data 
can aid in the process of discovering new treatments by 
uncovering unknown benefits of existing medications. These 
claims data capture medications filled by patients and the 
conditions diagnosed by their physicians, among other infor-
mation, and can help inform therapeutic development and 
new drug discovery if used appropriately [8–10]. Claims 
data already play a pivotal role in studying the safety and 
effectiveness of treatments [11–13]; however, there is much 
broader potential for their use. By harnessing these real-
world data, we may provide insights into unknown benefits 
of existing drugs and better understand disease etiology 
and prevention, which may inform novel drug development 
programs.

We have built upon advances in statistical methodologies 
and computing power to create the real-world assessment 
and research of drug performance (REWARD) framework 
for studying the association between thousands of medica-
tions with thousands of outcomes in millions of patients. 
Prior work leveraging this framework has focused on specific 
outcomes of interest to identify heretofore unappreciated 
uses of existing drugs to treat or prevent a specific disease 
[14, 15]. In this study, we have taken the reverse approach, 
by examining exposure to a single drug, memantine, and 
measuring its association with all potential outcomes, in 
order to identify potential indications for new NMDA recep-
tor antagonist therapies. This work represents the first step of 
the drug discovery process, i.e. hypothesis generation, which 
may be used to inform future clinical research.

2  Methods

This study leveraged a self-controlled cohort design in which 
individuals served as their own controls. Self-controlled 
study designs tend to produce less biased estimates with 
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2.2  Exposure and Control Definition

The exposure of interest was the medication memantine, 
which was identified according to the RxNorm ingredi-
ent (#6719) [17]. Individuals were identified at the time 
they first filled a prescription for memantine. An exposure 
period was defined as the period starting with initiation of 
the medication until discontinuation or end of observation, 
whichever came first. Continuous medication use allowed 
for a maximum gap between consecutive fills equal to the 
medication supply plus 30 days. The time directly preceding 
the exposure, and equal in length to the exposure period, 
served as the unexposed (i.e. control) period. If the time 
preceding the exposure was less than the time exposed, the 
exposure period was truncated to match the available unex-
posed period to maintain an equal amount of observation 
for both periods.

2.3  Outcome Definition

Outcomes were defined for every condition present in the 
Observational Medical Outcomes Partnership (OMOP) 
Common Data Model v5.0 [12] according to the Systema-
tized Nomenclature of Medicine–Clinical Terms (SNOMED 

CT) classification system codes. The SNOMED CT clas-
sification allows mapping of various diagnostic languages, 
including ICD-9-CM and ICD-10-CM, to a single standard-
ized set of concepts, and is used by the common data model 
leveraged for the present study [18]. An incident outcome 
of a condition required a diagnosis for the condition on at 
least two distinct dates. The date of the first diagnosis was 
considered the outcome date. Overall, 20,953 distinct con-
ditions were examined. Outcomes were grouped into broad 
disease categories for reporting purposes.

Results that were related to dementia and Alzheimer’s dis-
ease, the primary indication of memantine, were excluded, 
as were conditions thought to be a cause or symptom of 
dementia, such as stroke and other cerebrovascular disease, 
cancers of the central nervous system, problems with cog-
nition and memory, sleep disorders, and falls and fractures. 
These were excluded because the results could be biased 
due to the study design; for example, outcomes that cause 
dementia will primarily occur before starting treatment for 
dementia and will thus appear protective. Conditions that 
are typically diagnosed in younger individuals, such as 
autism, which would not be expected to be first diagnosed 
in a patient who is being prescribed a dementia treatment, 
were also excluded.

Fig. 1  Self-controlled cohort study design. An example studying 
the association between memantine and incidence of a single out-
come by including all patients who were exposed to the medication. 
It shows the condition first occurring during the time a patient was 
on treatment (Patient 1), not occurring in a patient’s history (Patient 

2), occurring outside of the observation windows and therefore not 
counted in either period (Patient 3), and occurring during the unex-
posed control period (Patient N). This approach was repeated for all 
20,953 conditions identified in the database
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2.4  Statistical Analysis

The incidence rates (IR) of all outcomes were calculated 
for the exposed and unexposed periods of memantine treat-
ment.  IRe is defined as the number of all individuals with the 
condition first diagnosed during the exposed period divided 
by the sum of exposed time across all patients. Similarly, 
 IRu was calculated as the number of all individuals with an 
incident diagnosis during the unexposed period divided by 
the sum of unexposed time, which is equal to the sum of 
exposed time, across all exposed patients. An incident rate 
ratio (IRR) was then calculated as  IRe divided by  IRu. If 
there is no association between memantine and the condi-
tion, the expectation is that cases of the condition will be 
equally distributed prior to and following the initiation of 
memantine, leading to an IRR of 1.0. An IRR > 1.0 indicates 
more cases identified after initiation of memantine, while an 
IRR < 1.0 indicates fewer cases identified after initiation. 
Poisson models were used to model the IRRs for each condi-
tion outcome and to test for statistical significance (IRR ≠ 
1.0, with α = 0.05) using the methods developed by Graham 
et al. [19, 20].

Two strict criteria were applied to identify conditions for 
which memantine has potential protective effects.

1. Memantine must have been associated with at least a 
50% reduction in the incidence of the condition (i.e. 
IRR ≤ 0.5) in at least two of the four databases, with 
p < 0.05.

2. There must have been no evidence of the contrary asso-
ciation of significant risk between memantine and the 
condition in any of the databases, defined as having an 
IRR > 2.0, with p < 0.05.

The IRRs and 95% confidence intervals (CIs) were 
reported for analyses in each of the four databases. A meta-
analysis with random effects was then performed to pool 
results across the four databases into a single effect estimate 
and 95% CI. The Mantel–Haenszel method was used to pool 
effect estimates, and between-study variance was estimated 
using the maximum-likelihood estimator. The I2 measure 
was used to measure heterogeneity of the associations across 
the data sources.

3  Results

Overall, 312,336 patients were exposed to memantine dur-
ing the study period. Average patient exposure durations 
to memantine varied by outcome, ranging from 422 days 
for patients diagnosed with demyelinating disease, up to 
623 days for diverticulitis of the colon (Table 1). From the 
20,000+ conditions assessed, and after removing those 

related to dementia and memory loss, there were 60 out-
comes that met the threshold criteria of having a statistically 
significant benefit of at least a 50% risk reduction in two or 
more of the four databases. Results fell into five main dis-
ease categories: mental disorders, substance use disorders, 
pain, gastrointestinal (GI) and colon disorders, and demy-
elinating disease. The bulk of significant findings fell into 
the first two groups, with 28 outcomes related to mental 
disorders and 24 related to drug/alcohol abuse. For brevity 
of reporting purposes, up to three outcomes from each cat-
egory are presented here and also in Table 1. A forest plot 
of the results from the meta-analysis is shown in Fig. 2. Full 
results of all significant outcomes within each of the four 
databases are shown in electronic supplementary Table 1.

Within the ‘mental disorder’ category, the most com-
monly observed outcome was ‘mood disorder’; however, 
because it is a high-level term in the SNOMED hierarchy 
and contains many of the other findings, we focused on the 
more specific outcomes of ‘depressive disorder’, ‘psychotic 
disorder’, and ‘bipolar disorder’. Combining results across 
all four databases resulted in a 47% reduced risk of the out-
come of depressive disorder (meta-analysis IRR 0.53, 95% 
CI 0.45–0.61). The association with bipolar disease was sim-
ilar to depression when including data across all databases 
(meta-analysis IRR 0.52, 95% CI 0.39–0.70), while a slightly 
stronger effect was found for psychotic disorder, with a 57% 
reduced risk (meta-analysis IRR 0.43, 95% CI 0.37–0.49).

The most common significant outcome in the alcohol 
and drug abuse class was ‘drug dependence’. Memantine 
was associated with a more than 50% reduced risk in the 
meta-analysis (IRR 0.48, 95% CI 0.41–0.57). Other common 
outcomes in this group include ‘psychoactive substance use 
disorder’ (meta-analysis IRR 0.46, 95% CI 0.41–0.52) and 
‘alcoholism’ (meta-analysis IRR 0.44, 95% CI 0.40–0.50).

For pain, the three findings that were not generic (i.e. 
‘pain’ and ‘pain finding at anatomical site’) were ‘pain of 
truncal structure’, ‘idiopathic peripheral neuropathy’, and 
‘atypical face pain’. Associations with ‘pain of truncal 
structure’ were consistent across all databases, with IRRs 
ranging from 0.46 to 0.49. The IRR from the meta-analysis 
was 0.47 (95% CI 0.45–0.49), indicating a 53% reduced risk 
while taking memantine. The association with idiopathic 
peripheral neuropathy showed a 45% reduced risk (95% 
CI 36–53%) across all databases. The outcome of atypical 
facial pain was much less common than the other outcomes 
but showed strong associations across the databases, with a 
meta-analysis IRR of 0.35 (95% CI 0.23–0.54).

Significant GI and colon disorders include ‘diverticu-
losis of colon’ and ‘stenosis of intestine’. Diverticulitis of 
the colon was associated with a 46% reduced risk across 
all databases (95% CI 37–54%). Stenosis of the intestine 
occurred in just eight patients while they were exposed to 
memantine and 29 patients prior to exposure, resulting in a 
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meta-analysis IRR of 0.27 (95% CI 0.12–0.59), a 73% reduc-
tion in risk.

The single finding for demyelinating diseases included 
the SNOMED concept of ‘demyelinating disease of central 
nervous system’, which is accounted for almost entirely by 
multiple sclerosis (MS). Strong associations were observed 
across databases, with a nearly two-thirds reduction in risk 
(meta-analysis IRR 0.36, 95% CI 0.24–0.54).

4  Discussion

We examined the association between memantine and 
more than 20,000 incident condition outcomes across four 
US administrative claims databases in more than 300,000 
users of the drug. This analysis identified 60 outcomes for 
which memantine showed a strong, consistent, protective 
association, falling into five main groups: mental disorders, 
substance use disorders, pain, GI and colon disorders, and 
demyelinating disease. The results of this study are specific 
to the drug memantine; however, the aim was to generate 
hypotheses for future development of brand-new NMDA 
receptors, rather than identifying indications for potential 
repurposing of memantine.

We found that memantine was associated with a decreased 
risk of depression and bipolar disease. These findings are not 

entirely unexpected as glutamate levels have been found to 
be increased in the occipital cortex of patients with major 
depression [21]; however, there has been a lack of any fur-
ther evidence of this association in the last 16 years. Addi-
tionally, glutamate binds to NMDA receptors, and esketa-
mine, an NMDA receptor antagonist, has proven effective 
for the treatment of treatment-resistant depression and major 
depressive disorder with acute suicidal ideation or behavior 
[22, 23]. While our findings support the potential preven-
tive effects of memantine in depression, bipolar disorder, 
and other mental health disorders, previous clinical studies 
have shown mixed evidence on the efficacy of memantine for 
the treatment of these conditions [24–32]. There are many 
potential reasons for the differences in evidence of prior 
preclinical and clinical work. One possible explanation is 
that the differences may reflect the time course of NMDA 
receptor involvement in the etiology, progression, and/or 
maintenance of these diseases, as well as the limited target 
selectivity of the NMDA receptor antagonist.

The other largest group of significant outcomes in the pre-
sent study was also related to mental health. Memantine was 
found to be protective against multiple substance use dis-
orders, including abuse and dependence related to alcohol, 
nicotine, and other psychoactive substances. Consistent with 
our findings, results from previous preclinical and clinical 
research have shown memantine to be useful in preventing 

Table 1  Results from the pooled meta-analyses across the four US claims databases, showing a maximum of three outcomes per condition group

SD standard deviation, IRR incidence rate ratio, CI confidence interval, GI gastrointestinal
a Treatment duration calculated within patients who had the outcome in either the exposed or unexposed periods

Condition group and outcome Mean ± SD 
treatment time 
(days)a

Cases in 
the exposed 
period

Cases in the 
unexposed 
period

IRR Lower 95% CI Upper 95% CI p value I2

Mental disorder
Depressive disorder 480.4 ± 408.3 9603 15,017 0.53 0.45 0.61 < 0.01 0.96
Bipolar disorder 433.5 ± 395.5 853 1377 0.52 0.39 0.70 < 0.01 0.91
Psychotic disorder 443.6 ± 395.5 4475 8723 0.43 0.37 0.49 < 0.01 0.91
Alcohol and drug abuse
Drug dependence 472.7 ± 416.3 1233 2418 0.48 0.41 0.57 < 0.01 0.78
Psychoactive substance use disorder 435.6 ± 398.0 576 1155 0.46 0.41 0.52 < 0.01 0.20
Alcoholism 439.7 ± 407.1 409 860 0.44 0.40 0.50 < 0.01 0.00
Pain
Pain of truncal structure 529.0 ± 431.1 10,060 19,909 0.47 0.45 0.49 < 0.01 0.45
Idiopathic peripheral neuropathy 529.0 ± 434.0 1643 2805 0.55 0.47 0.64 < 0.01 0.76
Atypical facial pain 464.5 ± 388.7 29 79 0.35 0.23 0.54 < 0.01 0.00
GI/colon
Diverticulosis of colon 622.7 ± 493.0 1307 2475 0.54 0.46 0.63 < 0.01 0.73
Stenosis of intestine 496.9 ± 439.6 8 29 0.27 0.12 0.59 < 0.01 0.00
Demyelinating disease
Demyelinating disease of central 

nervous system
421.9 ± 363.5 109 279 0.36 0.24 0.54 < 0.01 0.67
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relapses in opioid-dependent patients [33], reduced the feel-
ings of being ‘buzzed’ after smoking [34], and prevented the 
acquisition of nicotine in rats [34]. Results from trials study-
ing the efficacy of memantine on alcohol dependence were 
also mixed [35, 36]. The findings presented here provide 
evidence for a potential role of NMDA receptor antagonists 
for the treatment of substance use disorders.

This study also found memantine to have protective 
effects for pain-related outcomes, such as peripheral neu-
ropathy. NMDA receptor antagonists, and ketamine in par-
ticular, have been previously studied for their potential pain 
management benefits [37, 38]. A recent systematic literature 
review examined the effects of memantine on neuropathic 
pain and identified prophylactic effects against postopera-
tive neuralgia and pain-associated psychological impairment 
[37]. Furthermore, the results of a preclinical animal study 
[39] point to memantine as a potential treatment for prevent-
ing neuropathic pain.

The last of our findings relate to the potential protective 
effects for MS and GI/colon-related conditions. Animal stud-
ies suggest that NMDA receptor antagonists have a stabiliz-
ing effect on the blood–brain barrier and brain inflammatory 
response, and exhibit neuroprotective properties [40], and it 
has been hypothesized that NMDA antagonism can reduce 

neuronal damage in MS [41]. However, a randomized clini-
cal trial found no effect of memantine on outcomes related 
to MS disease severity compared with placebo [42]. The 
observed potential benefit of memantine on diverticulosis 
could be due to its neuroprotective effects, decreasing the 
neural damage and regeneration that is observed in subjects 
with diverticular disease [43, 44].

There are multiple strengths of this study. For example, 
allowing patients to serve as their own control eliminated 
potential confounds from both observed and unobserved 
time-invariant covariates (e.g. genetics). Moreover, the study 
described here utilized 83,812 different statistical models, 
examining the association of memantine with every poten-
tial disease outcome across four distinct databases. We used 
strict filtering criteria to pare down such a large number of 
results and avoid erroneous findings due to multiple com-
parisons and narrow CIs. Our filters included the require-
ment that memantine must have been associated with at least 
a 50% reduction in the incidence of an outcome, and the 
association must have been replicated in at least one of the 
other three databases. While type 1 error was not a major 
concern of this study, as the primary goal was to generate 
testable hypotheses regarding the potential development of 
new NMDA antagonists for treating novel indications, there 

Fig. 2  Forest plot of meta-analyses results of the outcomes for which memantine was found to have protective associations. Each bar represents 
the result of a meta-analysis for the pooled effect across the four US claims databases. CI confidence interval, GI gastrointestinal



249Real-World Data of Memantine Use to Identify Potential Benefits of New NMDA Receptor Antagonists

is still a possibility of ‘false positives’ due to misclassifica-
tion of the exposure and/or outcomes in the claims data, 
confounding variables such as concomitant medication use, 
or pure chance.

The use of strict filtering criteria and minimization of 
false positives has a downside, in that outcomes for which 
memantine shows a potential benefit but did not meet the 
high bar for inclusion may have been missed. Memantine 
has been hypothesized to protect against age-related macular 
degeneration via its ability to significantly decrease calcium 
channel activity [45], but this outcome was not found to be 
significant in our study. When the results were examined in 
more detail, there was an association with the incidence of 
age-related macular degeneration in three of the four data-
bases and a meta-analysis IRR of 0.67 (95% CI 0.62–0.73). 
This illustrates an example of a potential ‘miss’ of a true 
association due to overly strict filters, or it may be that 
there truly is no association and the outcome was properly 
excluded, i.e. the filters were doing their job.

Thus, the absence of significant findings do not necessar-
ily mean that there is truly no association, but rather that any 
observed association was not strong enough to be included.

On the other hand, a limitation of the self-controlled 
cohort design is that it does not control for time-variant 
confounding, such as age or concomitant medication use. 
Because observations were limited to a concise period dur-
ing which patients were being treated and the time imme-
diately prior, the effects of these biases were partially miti-
gated; however, any immediate changes that occurred during 
this period, especially those that occurred at the same time 
the patient started taking memantine, could confound the 
results. Another important limitation to this study design 
is the effect of temporal sequencing of disease, treatment, 
and comorbid or causal conditions. For example, meman-
tine is used to treat dementia, which may be caused by an 
ischemic stroke. In this case, stroke precedes both the onset 
of dementia and the treatment of memantine. In our study 
design, memantine would have demonstrated protection 
against stroke, because the outcome of stroke occurs more 
often prior to initiation of the exposure than it does after, 
independent of whether there is any direct causality between 
memantine and stroke. To avoid reporting such erroneous 
findings, conditions where we believed this temporal bias 
was occurring were removed. Similarly, off-label use of 
memantine for other conditions could bias the findings to 
show protective effects for these conditions. Off-label use 
has recently been studied [46], including the self-medication 
with memantine to treat conditions such as anxiety, depres-
sion, attention-deficit hyperactivity disorder, and obsessive-
compulsive disorder. While such use could lead to bias in 
our results, it is unlikely to be a common enough behavior 
to account for the majority of the observed effect.

A final limitation is the reliance on administrative insur-
ance claims data. However, we leveraged the standardized 
SNOMED CT classification system to define our outcomes, 
rather than use our own subjective definition of conditions. 
To avoid false positive outcomes due to a single exclusion 
or misdiagnosis, we required a diagnosis for the same condi-
tion to occur on at least two distinct dates. While the use of 
multiple diagnoses for the same condition should limit the 
number of ‘rule-out’ diagnoses picked up by the data, it does 
not correct for systematic incorrect coding of a condition 
throughout a patient’s history.

5  Conclusion

This work illustrates the use of real-world data to iden-
tify potential benefits of the NMDA receptor antagonist 
memantine, which could be used to identify indications for 
the development of brand-new NMDA receptor antagonists. 
Identifying new benefits of existing medications, such as 
memantine, may allow us to address large unmet needs in 
diseases where treatment options are currently limited, or in 
patients where existing treatments have failed. We uncov-
ered 60 diseases for which memantine may be protective, 
mostly conditions related to mood and psychotic disorders, 
substance use disorders, and pain. The results of this study 
may be used to generate hypotheses for future observational, 
preclinical, and clinical research examining the efficacy of 
inhibiting the NMDA pathway in preventing or treating these 
conditions.
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