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Introduction: The latest decade, an emerging issue has been the abuse potential of

the gabapentinoids pregabalin and gabapentin. The aim of our study was to assess this

safety signal combining two different methods of surveillance: search analytics big data

and the FDA spontaneous reporting system database.

Methods: Analysis of big data and the FAERS was used to detect pregabalin’s

and gabapentin’s abuse potential in comparison with two controls, clonazepam and

levetiracetam, and further, the correlation between these domains was investigated. Data

from the United States between 2007 and 2020Q2 were analyzed.

Results: The FAERS analysis revealed the following pattern of signals: clonazepam

> pregabalin ≥ gabapentin > levetiracetam, for both the primary term “drug abuse

and dependence” and the secondary terms (withdrawal, tolerance, overdose). The

Google domain pattern was slightly different: clonazepam ≥ gabapentin ≥ pregabalin≥

levetiracetam. A monotonic correlation was found between FAERS and Google searches

for gabapentin (r= 0.558; p< 0.001), pregabalin (r= 0.587; p< 0.001), and clonazepam

(r = 0.295; p = 0.030).

Conclusion: Our results revealed that there is preliminary evidence of a safety signal

for the abuse potential of pregabalin and gabapentin. Analysis of the FAERS database,

supplemented by big data search analytics, suggests that there is potential of using

these methods as a supplementary tool to detect drug abuse-related safety signals

in pharmacovigilance.

Keywords: pregabalin, gabapentin, big data, Google search analytics, disproportionality analysis, abuse potential,

safety signal, FAERS database
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INTRODUCTION

Gabapentinoids (pregabalin and gabapentin) are a class of
drugs that have been widely used-prescribed for neuropathic
pain, epilepsy, anxiety, and other psychiatric disorders,
while pregabalin showed promise as a treatment for alcohol
dependence (1, 2). Gabapentin and pregabalin have a similar
structure and are derivatives of the inhibitory neurotransmitter
GABA. Their proposed mechanism of action is the inhibition
of calcium currents via high-voltage-activated channels
containing the a2d-1 subunit (3). Since their first approval,
both gabapentinoids are widely prescribed medications in the
United States (4, 5).

The latest decade, an emerging issue has been the abuse
potential of both pregabalin and gabapentin. An increase in
non-medical use of gabapentinoids for recreational purposes
has been reported, especially in Europe (6, 7). Higher doses of
gabapentinoids use have been characterized by causing euphoria
effects and a range of experiences such as relaxation, improved
sociability, and sedative and psychedelic-like effects (8). From
the EudraVigilance database review on gabapentinoids, fatalities
were also reported associated with pregabalin and gabapentin
use and in most of the cases in combination with opioids (9).
Pharmacovigilance data from the Food and Drug Administration
Adverse Event Reporting System (FAERS) have shown adverse
drug events from gabapentinoid abuse with a higher prevalence
in young and male individuals (10). Both pregabalin and
gabapentin from 1st April 2019 have been classified as Schedule 3
controlled drugs under the Misuse of Drugs Regulations 2001,
and Class C of the Misuse of Drugs Act 1971 in the UK. On
the other hand, in the US, pregabalin is a Schedule 5 controlled
substance while gabapentin is a controlled substance only in
some States. In Australia, pregabalin and gabapentin are classified
as Schedule 4 (prescription only) medications; therefore there are
no special control measures on supply or possession yet (11).

Considering the abovementioned data on the relative well-
established abuse potential profile of the gabapentinoids, the
aim of our study was (i). to detect pregabalin’s and gabapentin’s
abuse potential in comparison with two controls, clonazepam
and levetiracetam and (ii). to investigate the correlation between
the search analytics and the FAERS domain. Our group
has recently published the methodology of combining these
pharmacovigilance domains in order to detect safety signals
(12, 13).

METHODS

Data Sources
Following the methodology of our previous analysis that
investigated mirtazapine’s abuse liability (12), herein, we
investigated the abuse liability of the gabapentinoids combining
pharmacovigilance and search analytics data from the
United States between 2007 and 2020Q2. Clonazepam, a
frequently used benzodiazepine with a well-known abuse
potential profile, was used as a positive control (12, 14), while
levetiracetam (a well-known antiepileptic with a low abuse
potential) (15) served as negative control.

TABLE 1 | Drug names and drug abuse-related terms.

Google FAERS

Drugs • Clonazepam, Klonopin

• Gabapentin, Neurontin

• Pregabalin, Lyrica

• Levetiracetam, Kepra

• Clonazepam

• Gabapentin

• Pregabalin

• Levetiracetam

Drug abuse-related

terms

{Abuse, dependence} Drug abuse and

dependence (SMQ narrow

scope)

{Withdrawal} Drug withdrawal (SMQ

narrow scope)

{Overdose} Tolerance [drug tolerance

(PT) and drug tolerance

increased (PT)]

{Tolerance} Overdose [overdose (PT)

and intentional overdose

(PT)]

{High} Euphoria [euphoric mood

(PT), feeling abnormal

(PT), feeling drunk (PT),

feeling of relaxation (PT),

dizziness (PT), thinking

abnormal (PT),

hallucination (PT),

inappropriate affect (PT)]

In the FAERS database, the drugs are registered with their generic names; in Google

search analytics, a brand name was also used. Drug-abuse-related MedDRA terms were

selected in FAERS, and similar abuse-related search terms in the search analytics domain

(SMQ, standardized MedDRA query; PT, preferred term).

FAERS
The pharmacovigilance database of the FAERS consists
of individual safety reports originated mainly from the
United States. The structure and data mining algorithms of
FAERS have been described elsewhere (16). Briefly, reports can
be submitted by patients, the pharmaceutical industry, and
healthcare professionals, while adverse events are classified
with MedDRA terminology (16, 17). The freely available
pharmacovigilance tool OpenVigil-2.1-MedDRA (available at
http://openvigil.sourceforge.net/) was used in order to access
cleaned FAERS data, by removing duplicates and normalizing
drug names to the generic name of the drug (18). Similar to
our previous analysis, higher level terms were used, whenever
possible, to classify reports with drug-abuse-related adverse
events (12). The narrow scope of the Standardized MedDRA
Query (SMQ) “drug abuse and dependence” was used as
the primary term, and other terms related to drug abuse,
including overdose, tolerance, withdrawal, and euphoria-related
events, were used as secondary terms (Table 1) (12, 19).
Disproportionality analysis was conducted for the aggregated
period of 2007–2020Q2 for both the primary and secondary
terms, while correlation analyses were conducted using quarterly
data of the primary term.

Google Analytics
The Google search engine receives more than 5 billion of queries
per day (20). Although it does not provide detailed analytics,
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some indicators, such as the interest over time, are publicly
accessible. Usually, search queries contain terms related to the
generic and brand names of the drug, combined together with
some additional terms (e.g., “Can you get high of. . . ?”). We
combined analytics data retrieved using both the generic name
and a common brand name of each drug (Table 1).

An important aspect for retrieving analytics data from the
Google search engine is the context. We can define the search
context by limiting the returned results per category. The widest
category is the “general search term,” where Google returns
analytics from searches in all categories. However, since we were
studying a very specific area of interest, we could also restrict our
results in a more specific category (e.g., “medication”). Google
is using search semantics to classify each search query and
is expected that the more specific category will provide more
accurate results. However, depending on the search popularity
of some terms, there may not be enough results inside the
category context, because Google returns only results that can be
considered as big data volumes. In our study, we used only the
“prescription drug” category for the extraction of our data.

Next, we defined a set of six abuse-related search terms, similar
to the MedDRA abuse-related terms: {“abuse,” “dependence,”
“overdose,” “withdrawal,” “tolerance,” and “high”}. Table 1

indicates the relationship of the terms between the FAERS and the
Google domains. We used the term “high” as the corresponding
term of “euphoria,” as the second did not have enough data.

By default, Google does not return results for searches with
terms and queries made by a few people. Moreover special
characters (i.e., queries with apostrophes) were filtered—this is
a way of normalization that is also made by default. It is also
important that Google’s tools eliminate repeated searches from
the same person over a short period of time. We identified
queries containing combinations of the drug names and the
abuse-related terms from the set we defined in a previous
step. Finally, we filtered the results manually, by dropping out
queries unrelated to abuse. For example, while the search query
“clonazepam and high blood pressure” contains both the terms
“clonazepam” and “high,” it is not related to abuse. Instead, the
query “can you get high of pregabalin” is related to abuse and,
thus, included to our search results.

Statistical Analysis
The search interest over time is measured by the search
popularity score (SPS) in the Google domain. We used the SPS
score to collect metrics related to abuse liability. In the FAERS
domain, we used the reporting odds ratio (ROR) for abuse-
related adverse events. This methodology of analysis was recently
published from our group (12).

Search Interest Over Time
Google reports top searches for every search query. These are
terms (queries) that are most frequently searched with the main
term in the same search session and within the selected category,
country, or region (21).

The most popular queries are sorted by SPS. The value of
SPS is between 0 and 100. The most popular term (in our case
the main drug name, e.g., “Lyrica”) has a normalized score of

100, which is the maximum score. All other queries have a score
under this value. This indicator represents the total number of
searches divided by the total number of related searches on the
specific country or region at the given time range. This is the
default method used by Google in a tool called “Google Trends,”
to compare relative popularity between topics. For example, an
SPS of 50 is assigned to a query that has been searched half as
often as the top query. Queries with a search rate <1% are not
reported and are signed with a 0 SPS which is neither a percentage
value nor an absolute value of searches. Combining more than
one term or queries, the value can be above 100. Considering the
large number of queries, we can safely assume that all referred
statistics come from big data volumes.

We obtained the monthly SPS for all abuse-related terms for
each drug. We developed timelines representing the cumulative
search interest over time for the abuse-related terms beginning at
2007Q1 and ending at 2020Q2.

Disproportionality Analysis
Disproportionality analysis was conducted to investigate the
association between abuse-related events and the tested drugs
in comparison to all other drugs and all other events in the
FAERS database. The reporting odds ratio (ROR) was used to
quantify this association, and a larger ROR demonstrates a more
frequent co-reporting of the tested drug and the selected term as
well as a stronger safety signal. We detected safety signals when
the number of reports with the combination of the tested drug
and selected event was >3 and the lower boundary of the 95%
confidence interval of ROR was >1 (16). The disproportionality
analysis and RORs were calculated using the OpenVigil2.1-
MedDRA (18).

Correlation Between FAERS and Search
Analytics Domains
A correlation coefficient is a statistical metric that measures
the probability of two variables to change together. It describes
both the strength and the direction of the relationship. The
Pearson correlation coefficient is the most well-known metric,
which evaluates the linear relationship between two variables.
The Spearman correlation coefficient evaluates the monotonic
relationship between two continuous or ordinal variables. The
difference is that, in a monotonic relationship, the variables tend
to change in the same direction, increasing or decreasing their
values, but not necessarily at a constant rate, as in a linear
relationship. Unlike Pearson’s correlation, Spearman’s method
does not require normality of the variables and, thus, it is a
non-parametric statistic.

RESULTS

Google Search Analytics
According to the analysis for the cumulative period, the
overall abuse-related terms had an average SPS of 8 for
Levetiracetam, 11.25 for pregabalin, 22.5 for gabapentin, and 45.5
for Clonazepam (Figure 1). Considering that Google is receiving
billion queries per day, even low values of SPS in the given time
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FIGURE 1 | Search Popularity Score (SPS) in the Google analytics domain for the four drugs.

range represent millions of queries about a topic (22). A non-
formal interpretation of these numbers could be as follows: e.g.,
for pregabalin, for every 100 search queries related to pregabalin,
there are 11.25 more queries (on top of the 100) related to
pregabalin and abuse related terms.

Figure 2 shows the search interest over time for pregabalin,
gabapentin, and clonazepam. The search volume for
levetiracetam was significantly low, and thus, there were
not enough data to be reported by the Google engine. While this
may sound as a serious limiting condition, instead it ensures
that the reported data are accurate and cannot be affected or
modified by a small number of people who perform search
queries producing “fake” trends.

The median values of search analytics over time were
82.5, IQR [53.25, 128] for pregabalin, 37, IQR [16.25, 47] for
gabapentin, and 203.5, IQR [145.25, 258] for clonazepam.

Disproportionality Analysis
During the period of 2007–2020Q2, there were in total 7430750
reports submitted in FAERS. The total number of reports (N)
was larger for pregabalin (N = 107,905) and gabapentin (N =

102,386), and about half for each of the controls, clonazepam (N
= 55,856), and levetiracetam (N= 43,842). For the primary term
“drug abuse and dependence” (N = 118,980), safety signals were
identified for both gabapentinoids (pregabalin: ROR 2.78 95% CI
[2.70–2.86]; gabapentin ROR 1.83 95% CI [1.76–1.90]), while the
positive control clonazepam had the largest signal (ROR 4.47 95%
CI [4.32–4.62]), and the negative control levetiracetam had a very
weak signal (ROR 1.10 95% CI [1.02–1.18]). The secondary terms
followed the same pattern of signals (clonazepam > pregabalin
≥ gabapentin > levetiracetam), except for euphoria-related
terms, for which pregabalin had the largest ROR and overdose-
related terms, for which the gabapentinoids and levetiracetam

demonstrated similar signals (Table 2). Figure 3 shows the
number of reported adverse events related to abuse terms in the
FAERS database.

Correlation Between FAERS and Search
Analytics Domains
A monotonic correlation was found between FAERS and Google
searches for clonazepam (r = 0.295; p = 0.030, Figure 4A),
gabapentin (r= 0.558; p< 0.001, Figure 4B), and pregabalin (r=
0.587; p < 0.001, Figure 4C). Since Google reports only volumes
with a significant number of searches, which can be considered as
big data volumes, we were not able to collect the amount of data
required for analysis for levetiracetam.

DISCUSSION

Based on extensive literature search, this is the first
study investigating the abuse potential of pregabalin and
gabapentin using two different pharmacovigilance methods:
disproportionality analysis in the FAERS and Google search
analytics. A positive control and a negative control were used,
the benzodiazepine clonazepam, with a well-known abuse profile
and the antiepileptic levetiracetam, with a previously unreported
abuse potential, respectively.

Signals in the FAERS Database
Our disproportionality analysis of the FAERS revealed the
following pattern of signals: clonazepam > pregabalin ≥

gabapentin > levetiracetam, both for the primary term “drug
abuse and dependence” and the secondary terms (withdrawal,
tolerance, overdose). Our results confirm previous findings
from the pharmacovigilance domain that highlight the abuse
potential of pregabalin. According to the review of the
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FIGURE 2 | Search interest over time for abuse-related terms in the search analytics domain. For the period 2007Q1 to 2020Q2, the search interest over time for

abuse-related terms is represented in timelines for each drug and is expressed as quarterly relative search volume for overall abused-linked terms.

TABLE 2 | Number of reports and ROR & 95% CI related to drug abuse per drug.

Pregabalin

(N = 107,905)

Gabapentin

(N = 102,386)

Levetiracetam

(N = 43,842)

Clonazepam

(N = 55,856)

Drug abuse and

dependence (N =

118,980)

ROR 2.78 95% CI

[2.70–2.86]; N = 4,558

ROR 1.83 95% CI

[1.76–1.90]; N = 2,924

ROR 1.10 95 %CI

[1.02–1.18]; N = 767

ROR 4.47 95% CI

[4.32–4.62]; N = 3,700

Drug withdrawal (N =

28,149)

ROR 3.76 95% CI

[3.56–3.96]; N = 1,463

ROR 2.09 95% CI

[1.95–2.25]; N = 796

ROR 1.54 95 % CI

[1.36–1.74]; N = 254

ROR 4.81 95% CI

[4.51–5.13]; N = 976

Overdose (N = 85,274) ROR 1.69 95% CI

[1.61–1.76]; N = 2,053

ROR 1.65 95% CI

[1.57–1.72]; N = 1,904

ROR 1.98 95% CI

[1.86–2.11]; N = 979

ROR 4.29 95% CI

[4.12–4.46]; N = 2,588

Drug tolerance (N =

1,965)

ROR 4.73 95% CI

[3.96–5.66]; N = 128

ROR 3.76 95% CI

[3.07–4.61]; N = 98

ROR 0.78 95% CI

[0.40–1.49]; N = 9

ROR 6.94 95% CI

[5.66–8.51]; N = 98

Euphoria-related events (N

= 280,097)

ROR 2.87 95% CI

[2.81–2.93]; N =

10,664

ROR 2.09 95% CI

[2.04–2.14]; N = 7,644

ROR 1.27 95% CI

[1.22–1.33]; N = 2,077

ROR 2.41 95% CI

[2.33–2.48]; N = 4,765

Each drug has been compared with all other drugs in the FAERS database. The study population consisted of 6993352 reports.

EudraVigilance database, adverse drug reactions were more
frequently reported for pregabalin use compared to gabapentin
(23). Pharmacovigilance data from FAERS have also shown
adverse drug events from pregabalin use and in general
gabapentinoid abuse with a prevalence in young and male
individuals (10). In contrast, from the EudraVigilance database

review, there were adverse drug reaction reports related to
abuse/dependence and misuse of pregabalin and gabapentin
with a prevalence in female adults (9). The last decade, apart
from gabapentinoid abuse there has also been reported extended
misuse, with a greater potential of misuse for pregabalin (9).
The misuse of pregabalin has been strongly linked to its
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FIGURE 3 | Number of reported adverse events in the FAERS database related to abuse.

FIGURE 4 | Correlation between FAERS and Google searches for (A) clonazepam (r = 0.295; p = 0.030); (B) gabapentin (r = 0.558; p < 0.001); (C) pregabalin (r =

0.587; p < 0.001).

strong sedative and psychedelic effects. It has been stated that
pregabalin misuse is more likely to occur in new users (24).
Besides being considered as less powerful than pregabalin,
gabapentin misuse was also associated with similar psychedelic
effects. A few substances have been reported for misuse in
combination with gabapentin, such as cannabis, alcohol, selective
serotonin reuptake inhibitors (SSRIs), LSD, amphetamine, and
gamma-hydroxybutyrate (GHB) (8, 25). There is agreement
from other studies that the majority of individuals that have
been reported for pregabalin abuse have a history of other

substance and medication abuse as well (11, 26). The differences
in the pharmacokinetic and pharmacodynamic profile of the
gabapentinoids should be carefully examined in order to
understand pregabalin’s higher abuse potential compared to
gabapentin (11, 25).

Signals in the Google Analytics Domain
The Google search analytics data are big data. Their volume,
velocity, and variety are far beyond any other dataset of
collected data, such as the adverse event reports. While they
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cannot be considered as a safe source for safety signals, their
recognition of the potential is rising (27), and their use in
pharmacovigilance is emerging. A recently published study of the
French Addictovigilance Network combined Google Trends with
the analysis of the global database of individual case safety reports
(VigiBase) (28). Our team has recently published this method
of combining different data sources of drug safety surveillance,
Google search analytics, and disproportionality analysis of the
US FAERS database (12) to detect safety signals. Data from this
timeline series from 2004Q1 to 2017Q2 revealed a consistent
association of abuse-related searches in the Google search engine
with the antidepressant mirtazapine, and a similar pattern of
association between abuse-related events and the drug was found
in FAERS. The results of this previous study already suggested
that search analytics and disproportionality analysis of FAERS
may be used combined as a supplementary pharmacovigilance
tool. Signals of gabapentinoid abuse found agreed with the signals
for the positive and negative control drugs (clonazepam and
levetiracetam). The generic pattern for FAERS was clonazepam
≥ pregabalin≥ gabapentin≥ levetiracetam. The Google domain
pattern was slightly different: clonazepam ≥ gabapentin ≥

pregabalin ≥ levetiracetam. This difference can be explained by
the fact that gabapentin was first approved for use in 1993 and in
2018 it was the eleventh most commonly prescribed medication
in the United States, with more than 46 million prescriptions
in 2018 and an increasing number of prescription over time
(5). On the other hand, pregabalin (FDA approved in 2004)
had an estimated number of 11.5 million prescriptions in 2018
in the United States being in ranking 70th among the most
commonly prescribedmedication (4). It should also be noted that
disproportionality analysis cannot quantify the true risk, which
should also be the case for the Google domain (29).

Correlation Between the Domains
A significant monotonic correlation was found between FAERS
and Google searches for gabapentin (r = 0.558; p < 0.001),
pregabalin (r = 0.587; p < 0.001), and clonazepam (r = 0.295; p
= 0.030). This relationship between two totally different domains
indicates that when one of the values changes in one domain,
there is a significant probability to change in the same way in the
other domain. Thus, changes of abuse-related searches on Google
for pregabalin, gabapentin, or clonazepam are accompanied
by analogous changes of abuse-related events in FAERS and

vice versa. There is no causality on this fact but, rather, a
similar behavior of two data domains. Interestingly, there were
not enough big data volumes for levetiracetam to develop the
timelines and, thus, no comparison could be made.

Study Limitations
Our study has some methodological considerations and
limitations. Disproportionality analysis cannot differentiate
between recreational, self-treatment, or mixed type of abuse;
however, it is a suitable tool to quantitate signals of abuse of
known and novel psychoactive substances. Further, the causal
relationship between drugs and the adverse event (abuse)
cannot be verified without a clinically performed causality
assessment, while confounders as comorbidity and concomitant
drugs cannot also be assessed properly. Regarding search
analytics, since Google only reports large datasets, terms such as
dependence, tolerance, and misuse have not provided substantial
numbers and were not included in the analysis. In addition, the
algorithms and their updates utilized by Google to analyze data
are not publicly available. Finally, there were not enough data
volumes before 2007.

CONCLUSION

Concluding, the present study revealed a safety signal for the
abuse potential of pregabalin and gabapentin using two different
methods of surveillance, the FAERS database analysis and big
data search analytics. We suggest that these methods can be used
in combination as a supplementary pharmacovigilance tool to
detect drug safety signals.
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