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Abstract

Background

Acute benzodiazepine withdrawal has been described, but literature regarding the benzodi-

azepine-induced neurological injury that may result in enduring symptoms and life conse-

quences is scant.

Objective

We conducted an internet survey of current and former benzodiazepine users and asked

about their symptoms and adverse life events attributed to benzodiazepine use.

Methods

This is a secondary analysis of the largest survey ever conducted with 1,207 benzodiaze-

pine users from benzodiazepine support groups and health/wellness sites who completed

the survey. Respondents included those still taking benzodiazepines (n = 136), tapering (n =

294), or fully discontinued (n = 763).

Results

The survey asked about 23 specific symptoms and more than half of the respondents who

experienced low energy, distractedness, memory loss, nervousness, anxiety, and other

symptoms stated that these symptoms lasted a year or longer. These symptoms were often

reported as de novo and distinct from the symptoms for which the benzodiazepines were

originally prescribed. A subset of respondents stated that symptoms persisted even after

benzodiazepines had been discontinued for a year or more. Adverse life consequences

were reported by many respondents as well.
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Limitations

This was a self-selected internet survey with no control group. No independent psychiatric

diagnoses could be made in participants.

Conclusions

Many prolonged symptoms subsequent to benzodiazepine use and discontinuation (benzo-

diazepine-induced neurological dysfunction) have been shown in a large survey of benzodi-

azepine users. Benzodiazepine-induced neurological dysfunction (BIND) has been

proposed as a term to describe symptoms and associated adverse life consequences that

may emerge during benzodiazepine use, tapering, and continue after benzodiazepine dis-

continuation. Not all people who take benzodiazepines will develop BIND and risk factors for

BIND remain to be elucidated. Further pathogenic and clinical study of BIND is needed.

Introduction

Acute benzodiazepine withdrawal and its effective treatment are well known and have been

described in the literature [1–4]. However, symptoms that persisted for months or even years

after complete benzodiazepine discontinuation were observed decades ago [5, 6]. Prior to our

survey, the largest study of this phenomenon, in which 50 subjects were examined, was carried

out in 1987 and noted that symptoms in some patients persisted for months to years [7, 8].

Since then, clinical recognition of this condition, treatment strategies to address it, and a fun-

damental mechanistic understanding of how it differs from acute withdrawal remain

confounded.

The nature of protracted withdrawal symptoms leads to a variety of interpretations, includ-

ing the commonly held belief that they merely represent the return of the original symptoms

for which the benzodiazepines were originally prescribed. However, if symptoms appeared de
novo during and after benzodiazepine cessation, they may be attributed to a different or unre-

lated cause than that for which a benzodiazepine was actually prescribed. These protracted

symptoms and other sequelae associated with the use, tapering, and discontinuation of benzo-

diazepines may be a distinct clinical entity.

The lack of descriptive nomenclature for enduring symptoms associated with benzodiaze-

pine use limits both the clinical identification of this condition and informed discussion of risk

with patients. Inadequate terminology such as “withdrawal,” “subacute withdrawal,” “pro-

tracted withdrawal,” “post-acute withdrawal syndrome” (PAWS), rebound, and other terms

without clear definitions appear in the scant literature about prolonged symptoms after benzo-

diazepine discontinuation. The focus on specific symptoms and in comparison to acute with-

drawal symptoms from other substances, such as alcohol or opioids, implies that

benzodiazepine withdrawal follows a well-defined acute trajectory which resolves over a rela-

tively short period of time. These findings and the results of our earlier reports [9, 10] conflict

with some of the literature [11].

To the best of our knowledge, this online survey is the largest ever conducted among benzo-

diazepine users. Its objective was to better describe and quantify the life consequences associ-

ated with these prolonged symptoms. It described constellations of benzodiazepine-induced

and sometimes de novo symptoms, many of which lasted beyond a year and which were often

accompanied by adverse life consequences.
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Our objective was to better describe and quantify the life consequences associated with

these prolonged symptoms.

Methods and materials

This study represents a secondary analysis of the results from an internet survey published pre-

viously [9]. It was approved by the Vanderbilt University Institutional Review Board (IRB)

#20052, and did not require written informed consent because it was conducted as an anony-

mous survey that began with a question which recorded each respondent’s consent for

participation.

A medical statistician produced the initial results of this survey utilizing SAS Software. Sub-

sequent data analysis was performed in greater detail by an experienced data scientist who

imported the survey data into a custom SQL Server data model. Customized queries were

employed to obtain correlations among the data. In particular, this analysis examined condi-

tions for which benzodiazepines were prescribed and compared them to protracted symptoms

reported by patients who were tapering or had discontinued benzodiazepine use. Adverse life

consequences experienced by benzodiazepine patients, as reported in the survey, were also cor-

related to protracted symptoms. The complete survey form appears in S1 Appendix. The ques-

tions and multiple-choice answers used in the survey were derived from a subset of a longer

list of benzodiazepine-associated symptoms report by Ashton [12] and Wright [1].

All analyses were delivered via a structured reporting process and validated against the orig-

inal SAS reports. The survey was made available online through websites and internet benzodi-

azepine support groups and general health and wellness groups.

Results

A total of 1,207 respondents finished the survey although not all respondents gave an

answer to every question and some questions allowed for multiple answers. Respondents to

the survey might have been taking their full dose of benzodiazepines, engaged in the process

of tapering off benzodiazepines, or had fully discontinued benzodiazepines. Respondents

were asked to select among 23 symptoms they may have experienced and to indicate the

duration of each symptom (see S1 Appendix). Of all respondents, 88.1% reported having

anxiety, nervousness, or fear; 86.9% sleep disturbances; 86.2% low energy levels; and 85.3%

difficulty focusing or distractedness. Some respondents reported these symptoms occurring

following complete cessation of benzodiazepines and for long-term durations of months or

Table 1. Of those who reported the following symptoms shown in the table, over half of respondents stated the

symptom lasted� 1 year.

Symptom Symptom persisted� 1 year

Low energy 59.9%

Difficulty focusing, distractedness 58.3%

Memory loss 57.5%

Nervous, anxiety 57.0%

Sleep disturbances 56.4%

Sensitivity to sights and sounds 54.3%

Digestive issues 52.2%

Symptoms triggered by food or drink 52.0%

Muscle weakness 51.2%

Body aches and pains 50.7%

https://doi.org/10.1371/journal.pone.0285584.t001
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years. In fact, 76.6% of all affirmative answers on symptom questions reported symptom

durations to be months or “one year or longer.” The most frequently reported symptoms

lasting one year or more appear in Table 1.

The symptoms reported in Table 1 occurred across all respondents, regardless of taper sta-

tus and cause for original prescription of the benzodiazepine. When groups were separated

into those still taking benzodiazepines at full dose (11.3%), those tapering (24.4%), and those

who had completely discontinued benzodiazepines (63.2%), results showed that respondents

who were taking the full-dose at the time of the survey reported experiencing the fewest symp-

toms, with modest differences between tapering and discontinued respondents. The survey

queried respondents about the conditions or situation for which the benzodiazepines were

prescribed. The most common reasons for prescriptions were situational anxiety (43.7%),

insomnia (40.3%), panic attacks (39.9%), depression (33.0%), and generalized anxiety disorder

(23.7%). However, the prolonged symptoms after benzodiazepine use, tapering, or cessation

frequently did not match the reason for which the benzodiazepines were originally prescribed.

See Table 2.

More than half of all respondents (54.7%) experienced 17 or more symptoms of the 23

listed; and over 40% of these stated the symptoms as lasting “one year or longer.”

In addition to enduring symptoms associated with benzodiazepines, many respondents

reported that adverse consequences had occurred in multiple areas of their life (see Table 3).

Over 90% of respondents attributed one or more general adverse life consequences to benzodi-

azepine use. A large majority of respondents (79.3%) reported six to 13 general life conse-

quences, and 53.2% of respondents reported eight or more specific life consequences, all of

which they attributed to benzodiazepine use.On average, each respondent had 8.1 of the 16

adverse life consequences. Over 90% of respondents attributed one or more general adverse life

consequences to benzodiazepine use. These included adverse effect on work life, fun and recrea-

tion, ability to take care of home and other, ability to drive or walk, social interactions or friend-

ships, and relationships with spouse or family. More specific adverse life consequences were

also reported (see Table 3) and were associated with a higher average frequency of symptoms

than the overall survey population, 19/23 versus 15/23 symptoms, respectively. A subpopulation

of respondents (n = 225, 18.6%) stated that none of these specific negative life consequences

applied to them and, on average, reported their symptom duration in days or weeks rather than

months or years; in other words, they experienced acute withdrawal symptoms.

Those respondents taking a full dose of benzodiazepine tended to the lowest rates of adverse

life consequences. See Table 4.

A total of 763 respondents reported they had discontinued benzodiazepines, of whom 426

stated they had been off benzodiazepines for a year or more. Adverse life consequences

Table 2. Proportion of respondents who experienced a protracted symptom for which the benzodiazepines were

not originally prescribed.

Reason for the original benzodiazepine

prescription

Proportion of respondents (n = 1,207) who reported this symptom

but were not prescribed for it

Situational anxiety/anxiety 55.6%

Insomnia 57.5%

Digestive, stomach/gut issues 75.8%

Restlessness 95.3%

Muscle spasms 88.8%

Pain, nerve spasms 88.1%

https://doi.org/10.1371/journal.pone.0285584.t002
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reported by those who had discontinued benzodiazepines for a year or more were deemed

severe or worse by 55.9% to 83.6% of respondents. See Table 5.

Discussion

This analysis presents survey evidence that enduring symptoms along with adverse life conse-

quences emerged de novo with benzodiazepine use. Although protracted symptoms following

discontinuation of benzodiazepine use have been reported previously [9, 13, 14], it has gener-

ally been tacitly assumed that these symptoms were withdrawal phenomena that would resolve

with time. This study reveals something entirely different: that new, and often persistent,

symptoms induced by the use of benzodiazepines may emerge while using, tapering, or after

discontinuing these medications. In fact, a subset of respondents who had completely discon-

tinued benzodiazepines, including those who had ceased taking benzodiazepines for a year or

more, continued to experience enduring life consequences.

This analysis showed� 17 symptoms of� 1 year’s duration post-discontinuation were

reported by over 40% of respondents. This is not the first report that benzodiazepine “with-

drawal” symptoms persist long after drug discontinuation. As far back as 1981, Hallström and

Lader found elevated Hamilton anxiety scores several months after patients had withdrawn

from benzodiazepines [5]. Smith and Wesson observed that symptoms following withdrawal

from low-dose benzodiazepines typically took six to 12 months to subside completely [6]. In

1987, Ashton, whose study of 50 patients had been to our knowledge the largest study of pro-

longed benzodiazepine sequelae before our survey, noted symptoms lasting more than a year

post-withdrawal [7]. Ashton also wrote that “. . .all patients had a variety of anxiety/depressive

symptoms on presentation, and these had been gradually increased over the years despite con-

tinuous benzodiazepine use” [7]. A four-week, double-blind, placebo-controlled diazepam

withdrawal study also showed elevated post-withdrawal symptoms [15]. Eight weeks after the

end of withdrawal, mean scores for headache, dizziness, depression, tinnitus, paresthesia, and

motor symptoms remained higher than pre-withdrawal scores; other symptoms had declined

but few had disappeared [15]. A case series (n = 104) is discussed as part of the unpublished

report that precipitated the 2020 benzodiazepine-class FDA boxed warning. In this report, of

Table 3. Specific life consequences correlated to symptoms attributed to benzodiazepine use. A total of 23 symp-

toms could be selected in the survey. For all life consequences, the average duration of reported symptoms was>1

year.

Specific Adverse life consequences Total reporting (% of

total)

Average number of symptoms in this

group

Significantly affected marriage, other

relationships

686 (56.8%) 18.2

Suicidal thoughts or attempted suicide 657 (54.4%) 18.3

Lost a job, fired, became unable to work 585 (46.8%) 18.5

Experienced significant increase in medical

costs

494 (40.9%) 18.5

Loss of wages or lower wages in a reduced job

capacity

394 (32.6%) 18.4

Lost savings or retirement funds 322 (26.7%) 19.1

Violent thoughts or actual violence against

others

284 (23.5%) 19.3

Lost a home 152 (12.6%) 19.2

Lost a business, if business owner 101 (8.4%) 18.4

Lost child custody 31 (2.6%) 20.9

https://doi.org/10.1371/journal.pone.0285584.t003
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the patients who reported withdrawal, the mean duration of withdrawal was 9.5 months [16].

Prolonged symptoms after benzodiazepine discontinuation have been reported elsewhere,

ranging from anxiety, insomnia, nightmares, and deficits in memory or concentration [17].

While few formal studies have examined enduring benzodiazepine symptoms, there are thou-

sands of accounts online from individuals who report prolonged and distressing symptoms

even after complete drug discontinuation [18].

Table 4. Adverse life consequences of those on full dose benzodiazepine therapy, those tapering, and those who had completely discontinued benzodiazepines.

Totals represent the number of respondents who answered this question in the affirmative and the percentages indicate the proportion of the specific population who

reported those consequences.

Life consequences Total (%) n = 1,207 Full dose n = 136 Tapering n = 294 Discontinued n = 763

To what extent has your condition affected your work or personal life? How severely did this problem affect you? (Respondents could answer on a scale of 1 to 6, where 1
was “not at all” and 6 was “enormous problem.”) Response rates are for those who stated� 2.

Work life 1000 (82.9%) 90 (66.2%) 258 (87.8%) 650 (85.2%)

Fun, recreation, hobbies 1072 (88.8%) 98 (72.1%) 280 (95.2%) 692 (90.7%)

Ability to care for home, others 1031 (85.4%) 91 (66.9%) 271 (92.2%) 667 (87.4%)

Ability to drive or walk 921 (76.3%) 77 (56.6%) 233 (79.3%) 610 (79.9%)

Social interaction, friendships 1042 (86.3%) 92 (67.6%) 275 (93.5%) 673 (88.2%)

Relationships with spouse, family 1023 (84.8%) 88 (64.7%) 272 (92.5%) 661 (86.6%)

Specifically, have any of these been consequences of your benzodiazepine use or withdrawal?
Significantly affected marriage, other relationships 686 (56.8%) 63 (46.3%) 165 (56.1%) 456 (59.8%)

Suicidal thoughts or attempted suicide 657 (54.4%) 50 (36.8%) 176 (59.9%) 430 (56.4%)

Lost a job, fired, became unable to work 565 (46.8%) 52 (38.2%) 147 (50.0%) 365 (47.8%)

Experienced significant increase in medical costs 494 (40.9%) 39 (28.7%) 134 (45.6%) 320 (41.9%)

Loss of wages or lower wages in reduced job capacity 394 (32.6%) 31 (22.8%) 97 (33.0%) 265 (34.7%)

Lost savings or retirement funds 322 (26.7%) 19 (14.0%) 78 (26.5%) 223 (29.2%)

Violent thoughts or actual violence against others 284 (23.5%) 24 (17.6%) 76 (25.9%) 184 (24.1%)

Lost a home 152 (12.6%) 13 (9.6%) 39 (13.3%) 99 (13.0%)

Lost a business, if business owner 101 (8.4%) 11 (8.1%) 24 (8.2%) 65 (8.5%)

Lost child custody 31 (2.6%) 5 (3.7%) 5 (1.7%) 21 (2.8%)

Note that there were 1,207 respondents but only 1,193 respondents answered these questions.

https://doi.org/10.1371/journal.pone.0285584.t004

Table 5. Respondents who had completely discontinued benzodiazepines for at least one year at the time of the

survey (n = 426) rated the severity of life consequences on a scale of 1 to 6, with 6 the most severe.

Life Consequences Not at all a problem, mild problem, or

moderate problem (1, 2, 3)

Severe, quite severe, or enormous

problem (4, 5, 6)

To what extent has your condition affected your work or personal life? How severely did this problem affect you?

(Respondents could answer on a scale of 1 to 6, where 1 was “not at all” and 6 was “enormous problem.”) Response
rates are for those who stated� 2.

Fun, recreation, hobbies 70 (16.4%) 356 (83.6%)

Work life 88 (20.7%) 338 (79.3%)

Social interaction,

friendships

99 (23.2%) 327 (76.8%)

Ability to take care of

home, others

117 (27.5%) 309 (72.5%)

Relationships with spouse,

family

133 (31.2%) 293 (68.8%)

Ability to drive or walk 188 (44.1%) 238 (55.9%)

https://doi.org/10.1371/journal.pone.0285584.t005
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The occurrence of adverse life consequences associated with benzodiazepines has not been

thoroughly studied. Although efforts were made, statistical correlations between specific life

consequences reported in our study and symptoms could not be drawn, but it appears based

on available data from the respondents in the survey that enduring symptoms may have played

an important role in damaging life consequences they experienced. This study shows that over

80% of respondents identified more than five serious life consequences which they attributed

to benzodiazepine use. To the best of our knowledge, this is the first study to explore adverse

life consequences associated with these enduring symptoms, of which many were neurocogni-

tive. A meta-analysis of cognitive effects found that long-term benzodiazepine users were

more impaired in all cognitive categories than the controls [19, 20]. This supports our findings,

because several life consequences reported in our survey are likely related to impaired cogni-

tive functioning. This would align with recently published findings from Europe where neuro-

psychological evaluation of cognition in 92 long-term benzodiazepine patients found 20.7%

could be categorized as having cognitive impairment across all domains, with processing

speed and sustained attention the worst-performing domains [21].

The term benzodiazepine-induced neurological dysfunction and its acronym BIND was

coined as an effort by a separately convened work group of experts to provide a name for this

condition that may serve both clinicians and the patients who suffer from this condition. See

S2 Appendix. BIND serves as a clinically serviceable name for the enduring neurological

sequelae of benzodiazepine use and would reify this condition for healthcare professionals.

Patients in our survey sometimes wrote in comments that they felt like healthcare professionals

did not take them seriously or frankly challenged or disbelieved their long-lasting symptoms

[9]. Recognizing this condition with a specific medically accepted term may encourage more

professional compassion, better treatment, and future research. Any medical condition with

many vague or overlapping names or without a name can too easily be misdiagnosed or dis-

missed as insignificant or nonexistent. A name would reify this clinical entity. Practical, evi-

dence-based, safe and effective approaches are urgently needed for benzodiazepine

deprescribing and managing the enduring neurological sequelae of benzodiazepine use. The

name BIND is an important first step in this direction. Thus, BIND describes a constellation of

functionally limiting neurologic symptoms (both physical and psychological) that are the con-

sequence of neuroadaptation and/or neurotoxicty resulting from benzodiazepine exposure.

BIND also includes disturbing life consequences. Unlike other reports about benzodiazepine

use and discontinuation, our survey took into account both symptoms and adverse life events,

such as financial loss, termination of employment, and other devasting events. The subset of

patients who used benzodiazepines and developed BIND experience a bewildering, sometimes

severe, set of prolonged effects that have gone largely unrecognized by the medical profession

[22]. The mechanisms underlying these prolonged effects have not been elucidated but are likely

different from the mechanisms of acute withdrawal, which are well understood [1].

There are only a few studies of low or very low quality evaluating the safety and effectiverness

of pharmacological interventions to help manage the symptoms of chronic benzodiazepine use

and none of these interventions have been shown consistently to be effective across significant

portions of those affected [23]. Since benzodiazepine users are a heterogeneous population, it is

unlikely there is a one-size-fits-all approach to tapering and discontinuation [24].

Over 30 million Americans report past-year use of benzodiazepines and this population is

heterogenous. It includes old and young, fit and frail, and all demographic groups. Many of

these benzodiazepine users are at elevated risk for BIND, which may go undiagnosed. Even

when BIND is diagnosed, treatment protocols are lacking. While most benzodiazepine users

do not develop BIND, the risk factors for BIND are not known. Since benzodiazepines are
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among the most frequently prescribed drugs in the United States, treatments for BIND repre-

sent an urgent unmet medical need [25]. This warrants greater and more in-depth research.

Our survey was concluded prior to the outbreak of the pandemic, and it is not known how

the lockdowns and COVID-19 affected substance use disorders in general or the use of benzo-

diazepines in particular [26]. According, there is also limited research on how the pandemic

impacted benzodiazepine use patterns and the effect that the emergence of so-called “designer

benzodiazepines” have had. This is a very complex topic because data on use must be disentan-

gled from prevailing trends and tendencies in drug use patterns that may have been unrelated

to the pandemic.

A growing concern is that individuals being tapered or deprescribed benzodiazepines too

abruptly might turn to what is available to them, including alcohol, opioids, central nervous

system depressants, and, of increasing concern are “designer benzodiazepines,” such as dicla-

zepam, conazolam, and nitrazolam; phenazepam and etizolam have been licensed as medical

agents in some countries but not in the United States or Western Europe [27]. Over two dozen

distinct “designer benzodiazepines” have been identified and many can be purchased online

[28]. From the very limited available evidence, it appears that the use of designer benzodiaze-

pines typically occurs in polysubstance abuse rather than in physician-prescribed benzodiaze-

pine prescribing [29]. Our survey did not ask about these products; however, 90.4% of our

respondents reported they definitely or mostly took benzodiazepines as prescribed.

Our study has several limitations. It is based on a self-selected group of respondents who

were recruited primarily through benzodiazepine support group websites and may not be rep-

resentative of all benzodiazepine users. There was no control group. It was a multiple-choice

survey and although write-in information was accepted, our results are based entirely on

responses from multiple-choice questions. The survey was anonymous and there was no access

to the respondents’ medical records to confirm their benzodiazepine use or status. The symp-

toms included in the multiple-choice survey were a subset of symptoms provided by Ashton

[12] and Wright [1], and does not necessarily reflect the complete range of symptoms experi-

enced by respondents. Since this was a survey, we were unable to determine whether respon-

dents met criteria for a formal psychiatric disorder that contains the symptoms. No exclusion

criteria were used for old age, comorbidities, or substance use disorder. Respondents were not

asked if they were taking or tapering from other sedating or non-benzodiazepine hypnotic

drugs. No questions were asked that might have allowed baseline symptoms to be compared

with symptoms at other points in the trajectory of benzodiazepine use.

Conclusions

While acute benzodiazepine withdrawal is well described in the literature, there is far less

known about the often distressing and enduring symptoms which impair life functioning in

those who have discontinued or are in the process of discontinuing benzodiazepines. We pro-

pose the term benzodiazepine-induced neurological dysfunction (BIND) for this constellation

of symptoms. Our survey shows that for some benzodiazepine users, these symptoms are

severe, life altering, and not infrequent. A significant subpopulation of respondents with BIND

reported multiple and severe symptoms, many of which were not the symptoms for which the

benzodiazepines were originally prescribed. The mechanisms of BIND, its clinical course, risk

factors, and treatment modalities warrant further study.

Supporting information

S1 Appendix. Is the survey in its entirety.

(DOCX)

PLOS ONE Benzodiazepine-Induced Neurological Dysfunction

PLOS ONE | https://doi.org/10.1371/journal.pone.0285584 June 29, 2023 8 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0285584.s001
https://doi.org/10.1371/journal.pone.0285584


S2 Appendix. Describes the efforts of the benzodiazepine nosology workgroup.

(DOCX)

Acknowledgments

The authors gratefully acknowledge the work of Dr. Jane Macoubrie who was instrumental in

creating the original survey, envisioning this publication, and supporting efforts at all levels to

better explore the nature of these symptoms. The authors extend heartfelt thanks to all of the

respondents who shared their experiences in the survey.

The authors gratefully acknowledge the support, voting, and vigorous debate provided by

the Benzodiazepine Nosology Workgroup. The group consists of the authors plus, in alphabet-

ical order: Sumit Agarwal, MD, Harvard Medical School and Brigham and Women’s Hospital,

Boston, Massachusetts USA; Richard Bailey, BSc (Hons), Guy’s and St Thomas’ NHS Founda-

tion Trust, London UK; Christopher Blazes, MD, Oregon Health Sciences University and Vet-

erans Administration Medical Center, both in Portland, Oregon USA; Leslie Brooks, MD,

Sunrise Community Health and North Colorado Health Alliance, Evans, Colorado USA;

Jaden Brandt, Msc.Pharm, University of Manitoba College of Pharmacy, Winnipeg, Manitoba

Canada; Cathal Cadogon, PhD, School of Pharmacy and Pharmaceutical Sciences, Trinity Col-

lege Dublin, Ireland; Doryn Davis Chervin, DrPH, Chervin and Associates, Cherry Hill, New

Jersey USA; David Crabtree, MD, QuitGenius and PlushCare, San Francisco, California USA;

Tim MacDonald, MD, Griffith University and Currumbin Clinic, Currumbin, Queensland

Australia; Darrin Mangiacarne, DO, MPH, DFASAM, FAOAAM, Banyan Treatment Centers,

Indianapolis, Indiana USA; Lori Mor, PharmD, Prisma Health Midlands, Family Medicine

Residency Program, Florida, USA; Chinyere Ogbonna, MD, MPH, Kaiser Permanente, San

Jose and Stanford Health, Stanford, both in California USA; Jocelyn Pederson; Arwen Podesta,

MD, Tulane University School of Medicine, New Orleans, Louisiana USA; Erick Turner, MD,

Department of Psychiatry, Oregon Health & Science University, Portland, Oregon USA; Jayne

Violette, PhD, University of South Carolina Beaufort, Bluffton, South Carolina USA; and Ste-

ven Wright, MD [retired].

The authors acknowledge Jo Ann LeQuang for medical writing services, which were cov-

ered by the Alliance for Benzodiazepine Best Practices.

The authors acknowledge the support of the Alliance for Benzodiazepine Best Practices for

implementing the discussions that led to the creation of this article.

Author Contributions

Conceptualization: Alexis D. Ritvo, D. E. Foster, A. J. Reid Finlayson, Bernard Silvernail,

Peter R. Martin.

Data curation: D. E. Foster.

Formal analysis: D. E. Foster.

Investigation: Christy Huff.

Methodology: D. E. Foster.

Project administration: Christy Huff.

Validation: D. E. Foster.

Writing – original draft: Alexis D. Ritvo, D. E. Foster, Christy Huff, A. J. Reid Finlayson,

Bernard Silvernail, Peter R. Martin.

PLOS ONE Benzodiazepine-Induced Neurological Dysfunction

PLOS ONE | https://doi.org/10.1371/journal.pone.0285584 June 29, 2023 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0285584.s002
https://doi.org/10.1371/journal.pone.0285584


Writing – review & editing: Alexis D. Ritvo, D. E. Foster, Christy Huff, A. J. Reid Finlayson,

Bernard Silvernail, Peter R. Martin.

References
1. Wright S. Benzodiazepine Withdrawal: Clinical Aspects. In: Peppin J, Pergolizzi J, Jr., Raffa R, Wright

S, editors. The Benzodizapines Crisis: The Ramifications of an Over-Used Drug Class. New York, New

York: Oxford University Press; 2020. p. 117–48.

2. Lader M. Benzodiazepines revisited—will we ever learn? Addiction (Abingdon, England). 2011; 106

(12):2086–109. https://doi.org/10.1111/j.1360-0443.2011.03563.x PMID: 21714826

3. Hood SD, Norman A, Hince DA, Melichar JK, Hulse GK. Benzodiazepine dependence and its treatment

with low dose flumazenil. Br J Clin Pharmacol. 2014; 77(2):285–94. https://doi.org/10.1111/bcp.12023

PMID: 23126253

4. Quaglio G, Pattaro C, Gerra G, Mathewson S, Verbanck P, Des Jarlais DC, et al. High dose benzodiaz-

epine dependence: description of 29 patients treated with flumazenil infusion and stabilised with clonaz-

epam. Psychiatry Res. 2012; 198(3):457–62. https://doi.org/10.1016/j.psychres.2012.02.008 PMID:

22424905

5. Hallstrom C, Lader M. Benzodiazepine withdrawal phenomena. Int Pharmacopsychiatry. 1981; 16

(4):235–44. https://doi.org/10.1159/000468500 PMID: 6121767

6. Smith DE, Wesson DR. Benzodiazepine dependency syndromes. J Psychoactive Drugs. 1983; 15(1–

2):85–95. https://doi.org/10.1080/02791072.1983.10472127 PMID: 6136575

7. Ashton H. Benzodiazepine withdrawal: outcome in 50 patients. Br J Addict. 1987; 82(6):665–71. https://

doi.org/10.1111/j.1360-0443.1987.tb01529.x PMID: 2886145

8. Lugoboni F, Quaglio G. Exploring the dark side of the moon: the treatment of benzodiazepine tolerance.

Br J Clin Pharmacol. 2014; 77(2):239–41. https://doi.org/10.1111/bcp.12148 PMID: 23617374

9. Finlayson A, Macoubrie J, Huff C, Foster D, Martin P. Experiences with benzodiazepine use, tapering,

and discontinuation: an Internet survey. Ther Adv Psychopharmacol. 2022; 2:1–10.

10. Huff C, Finlayson A, Foster D, Martin P. Enduring neurological sequelae of benzodiazepine use: an

Internet survey. Ther Adv Psychopharmacol. 2022; 12:1–9.

11. Cosci F, Chouinard G. Acute and Persistent Withdrawal Syndromes Following Discontinuation of Psy-

chotropic Medications. Psychother Psychosom. 2020; 89(5):283–306. https://doi.org/10.1159/

000506868 PMID: 32259826

12. Ashton H. The diagnosis and management of benzodiazepine dependence. Curr Opin Psychiatry.

2005; 18(3):249–55. https://doi.org/10.1097/01.yco.0000165594.60434.84 PMID: 16639148

13. Ashton H. Protracted withdrawal syndromes from benzodiazepines. J Subst Abuse Treat. 1991; 8(1–

2):19–28. https://doi.org/10.1016/0740-5472(91)90023-4 PMID: 1675688

14. Fixsen AM, Ridge D. Stories of Hell and Healing: Internet Users’ Construction of Benzodiazepine Dis-

tress and Withdrawal. Qual Health Res. 2017; 27(13):2030–41. https://doi.org/10.1177/

1049732317728053 PMID: 28891380

15. Ashton CH, Rawlins MD, Tyrer SP. A double-blind placebo-controlled study of buspirone in diazepam

withdrawal in chronic benzodiazepine users. Br J Psychiatry. 1990; 157:232–8. https://doi.org/10.1192/

bjp.157.2.232 PMID: 2224374

16. Food and Drug Administration. Integrated drug utilization, epidemiology, and pharmacovigilance

review: Benzodiazepine use, misuse, abuse, dependence, withdrawal, morbidity, and mortality Rock-

ville, Maryland: Food and Drug Administration; 2020 [Available from: https://www.benzoinfo.com/wp-

content/uploads/2020/11/Benzodiazepine-Information-Coalition-FOIA-FDA-.pdf/.

17. Authier N, Balayssac D, Sautereau M, Zangarelli A, Courty P, Somogyi AA, et al. Benzodiazepine

dependence: focus on withdrawal syndrome. Ann Pharm Fr. 2009; 67(6):408–13. https://doi.org/10.

1016/j.pharma.2009.07.001 PMID: 19900604

18. Huff C. Response to Acute and Persistent Withdrawal Syndromes following Discontinuation of Psycho-

tropic Medications by Cosci et al. (2020). Psychother Psychosom. 2021; 90(3):207–8.

19. Barker MJ, Greenwood KM, Jackson M, Crowe SF. Cognitive effects of long-term benzodiazepine use:

a meta-analysis. CNS drugs. 2004; 18(1):37–48. https://doi.org/10.2165/00023210-200418010-00004

PMID: 14731058

20. Crowe SF, Stranks EK. The Residual Medium and Long-term Cognitive Effects of Benzodiazepine Use:

An Updated Meta-analysis. Archives Clin Neuropsychol. 2018; 33(7):901–11. https://doi.org/10.1093/

arclin/acx120 PMID: 29244060

PLOS ONE Benzodiazepine-Induced Neurological Dysfunction

PLOS ONE | https://doi.org/10.1371/journal.pone.0285584 June 29, 2023 10 / 11

https://doi.org/10.1111/j.1360-0443.2011.03563.x
http://www.ncbi.nlm.nih.gov/pubmed/21714826
https://doi.org/10.1111/bcp.12023
http://www.ncbi.nlm.nih.gov/pubmed/23126253
https://doi.org/10.1016/j.psychres.2012.02.008
http://www.ncbi.nlm.nih.gov/pubmed/22424905
https://doi.org/10.1159/000468500
http://www.ncbi.nlm.nih.gov/pubmed/6121767
https://doi.org/10.1080/02791072.1983.10472127
http://www.ncbi.nlm.nih.gov/pubmed/6136575
https://doi.org/10.1111/j.1360-0443.1987.tb01529.x
https://doi.org/10.1111/j.1360-0443.1987.tb01529.x
http://www.ncbi.nlm.nih.gov/pubmed/2886145
https://doi.org/10.1111/bcp.12148
http://www.ncbi.nlm.nih.gov/pubmed/23617374
https://doi.org/10.1159/000506868
https://doi.org/10.1159/000506868
http://www.ncbi.nlm.nih.gov/pubmed/32259826
https://doi.org/10.1097/01.yco.0000165594.60434.84
http://www.ncbi.nlm.nih.gov/pubmed/16639148
https://doi.org/10.1016/0740-5472(91)90023-4
http://www.ncbi.nlm.nih.gov/pubmed/1675688
https://doi.org/10.1177/1049732317728053
https://doi.org/10.1177/1049732317728053
http://www.ncbi.nlm.nih.gov/pubmed/28891380
https://doi.org/10.1192/bjp.157.2.232
https://doi.org/10.1192/bjp.157.2.232
http://www.ncbi.nlm.nih.gov/pubmed/2224374
https://www.benzoinfo.com/wp-content/uploads/2020/11/Benzodiazepine-Information-Coalition-FOIA-FDA-.pdf/
https://www.benzoinfo.com/wp-content/uploads/2020/11/Benzodiazepine-Information-Coalition-FOIA-FDA-.pdf/
https://doi.org/10.1016/j.pharma.2009.07.001
https://doi.org/10.1016/j.pharma.2009.07.001
http://www.ncbi.nlm.nih.gov/pubmed/19900604
https://doi.org/10.2165/00023210-200418010-00004
http://www.ncbi.nlm.nih.gov/pubmed/14731058
https://doi.org/10.1093/arclin/acx120
https://doi.org/10.1093/arclin/acx120
http://www.ncbi.nlm.nih.gov/pubmed/29244060
https://doi.org/10.1371/journal.pone.0285584


21. Zetsen SPG, Schellekens AFA, Paling EP, Kan CC, Kessels RPC. Cognitive Functioning in Long-Term

Benzodiazepine Users. Eur Addict Res. 2022; 28(5):377–81. https://doi.org/10.1159/000525988 PMID:

36041417

22. Dubovsky SL, Marshall D. Benzodiazepines Remain Important Therapeutic Options in Psychiatric Prac-

tice. Psychother Psychosom. 2022; 91(5):307–34. https://doi.org/10.1159/000524400 PMID: 35504267

23. Baandrup L, Ebdrup BH, Rasmussen J, Lindschou J, Gluud C, Glenthøj BY. Pharmacological interven-

tions for benzodiazepine discontinuation in chronic benzodiazepine users. Cochrane Database Syst

Rev. 2018; 3(3):Cd011481. https://doi.org/10.1002/14651858.CD011481.pub2 PMID: 29543325

24. Brett J, Murnion B. Management of benzodiazepine misuse and dependence. Aust Prescr. 2015; 38

(5):152–5. https://doi.org/10.18773/austprescr.2015.055 PMID: 26648651

25. Maust DT, Lin LA, Blow FC. Benzodiazepine Use and Misuse Among Adults in the United States. Psy-

chiatr Serv. 2019; 70(2):97–106. https://doi.org/10.1176/appi.ps.201800321 PMID: 30554562

26. Jager J, Keyes KM. Is substance use changing because of the COVID-19 pandemic? Conceptual and

methodological considerations to delineating the impact of the COVID-19 pandemic on substance use

and disorder. Addiction (Abingdon, England). 2021; 116(6):1301–3. https://doi.org/10.1111/add.15414

PMID: 33449443

27. Moosmann B, Auwärter V. Designer Benzodiazepines: Another Class of New Psychoactive Sub-

stances. Handb Exp Pharmacol. 2018; 252:383–410. https://doi.org/10.1007/164_2018_154 PMID:

30367253

28. Orsolini L, Corkery JM, Chiappini S, Guirguis A, Vento A, De Berardis D, et al. ’New/Designer Benzodi-

azepines’: An Analysis of the Literature and Psychonauts’ Trip Reports. Curr Neuropharmacol. 2020;

18(9):809–37. https://doi.org/10.2174/1570159X18666200110121333 PMID: 31933443

29. Kriikku P, Wilhelm L, Rintatalo J, Hurme J, Kramer J, Ojanperä I. Phenazepam abuse in Finland: find-
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