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Abstract 
 
Introduction: A financial conflict of interest (FCOI) is present when an individual receives 
financial compensation related to the material being published. Since FCOIs are a reducible 
cause of bias and systematic reviews (SR) have an important role in clinical care, this study aims 
to determine the associations between the funding and the findings of systematic reviews 
involved with alprazolam use. 
 
Methods: A systematic search of PubMed, Scopus, and Embase was conducted to retrieve SRs 
and meta-analyses involving alprazolam use.  All search results were screened in a double-
blinded fashion to determine which articles met the inclusion criteria. Data extraction, 
determination of favorability of results and conclusion/discussion sections regarding alprazolam 
use, and bias assessment were performed for each included article. Undisclosed financial ties of 
each author were then searched for using multiple modalities. Lastly, the presence or absence of 
an FCOI was determined.  
 

Results: 6 (40%) of 15 articles which had favorable results for alprazolam had at least one 
author with an FCOI. 4 (50%) of the 8 discussion/conclusion sections that were favorable for 
alprazolam had at least one author with an FCOI. Of these 4 articles, 2 articles were rated as 
having a high risk of bias.  
 
Discussion: Despite the relatively high percentage (43%) of systematic reviews and meta-
analyses whose results or discussion/conclusion sections were favorable for alprazolam 
containing authors with financial conflict of interests, only 10 articles contained authors with 
FCOIs. The small number of FCOIs found reflects the need for better oversight of payment 
reporting to maintain the validity and the integrity of peer-reviewed research. 
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Bias, Misuse, PRISMA, Spin, Systematic Review (SR), Addiction 
 
  



Introduction  
 
Financial conflicts of interest (FCOI) is a type of bias present among authors of practice 
guidelines and those who perform the research that guidelines are based upon1. An FCOI exists 
when an individual is receiving financial compensation related to the material being published. 
Ideally, an individual with an FCOI would not participate in publishing related to this area. 
However, this cannot always be avoided. At the minimum, all authors should fully disclose if an 
FCOI exists as pharmacological studies tend to report more favorable results when the study is 
industry sponsored, despite regulatory FCOI reporting policies2.  
 
FCOIs are perhaps most important when a pharmacologic treatment has addiction potential. This 
has been widely demonstrated in the opioid epidemic. In the eight years after its debut in 1996, 
OxyContin, though it was shown to offer only comparable efficacy to other already available 
opioid preparations, became the most prevalent abused prescription opioid in the US. 3 Through 
an unprecedented marketing and promotional campaign--which included over 40 all-expenses-
paid symposia to over 5000 healthcare providers, the distribution of branded fishing hats and 
toys, and the doubling of its national sales force--Purdue Pharma increased its sales from $48 
million in OxyContin’s inaugural year to almost $1.1 billion in 2000, a stifling over 2000% 
increase in the span of just four years. As is evident, pharmaceutical manufacturers and the 
financial incentives they offer have the ability to heavily influence the proliferating rate at which 
drugs of abuse are prescribed3. While opioids are certainly dangerous, there is growing concern 
about benzodiazepines4.  
 
Since Benzodiazepines have been introduced to the market in the US in the 1960s, they quickly 
gained a reputation for misuse and abuse5. Of the benzodiazepines, one formulation, alprazolam, 
has proved itself to be more dangerous than the others6. Alprazolam is the most commonly 
prescribed benzodiazepine, as well as the most commonly prescribed psychotropic medication in 
the United States with approximately 48 million prescriptions dispensed in 20137. According to 
Hughes et al.8 who analyzed the 2015 National Survey on Drug Use and Health carried out by 
the Substance Abuse and Mental Health Services Administration (SAMHSA), an estimated 6.6 
percent of the US population aged 12 or older used alprazolam products in 20156. Not only is it 
commonly prescribed and used, but it is also commonly misuse.8 
 
Alprazolam was the 2nd most common prescription medication, behind opioids, and the most 
common benzodiazepine to be involved in drug misuse related Emergency Department visits in 
2011.9 Of the 17.6 million alprazolam users, 4.1 million people abused alprazolam (23.3%)8. 
This is alarming once it is compared to the 6.6 million users of other tranquilizers of which only 
202 thousand people reported misuse (3.1%)8. Despite many studies highlighting alprazolam’s 
misuse liability, it still remains the most commonly prescribed benzodiazepine in the US8. 
 
Investigation into the cause of alprazolam’s continued misuse warrants an investigation into the 
frequency of FCOIs in authors of systematic reviews (SR) relating to alprazolam use. SRs have 
the most significant influence on medical knowledge and are often considered the gold standard 
for clinical practice guidelines. In the era of evidenced-based medicine, treatment plans can be 
heavily influenced by SRs. With such an important role in clinical care, all effort should be made 
to minimize FCOI in SRs. Since FCOIs are a reducible cause of bias, this study aims to 



determine the associations between the funding and the findings of SRs involved with 
alprazolam. 
 
Methods 
 
The present study did not meet criteria for human subjects research10, and was therefore not 
subject to approval and oversight by the institutional review board. The PRISMA reporting 
guidelines were used11. The analysis was not pre-registered on a publicly available platform, 
such as OSF, so the results should be considered exploratory. 
 
Data Sources  
Cochrane guidelines12 were used to conduct a systematic review of the literature to identify SRs 
and meta-analyses comparing alprazolam to at least one of the following comparators: placebo, 
SSRI, TCA, and/or other benzodiazepine. A comprehensive search was conducted on May 4, 
2020, by entering the keyword “alprazolam” in the search query boxes of the following 
electronic databases: PubMed, Scopus, and Embase. Initial results were filtered by “systematic 
review” and “meta-analysis” which returned 25 PubMed and 397 Embase results. Scopus did not 
offer a filtering function and returned 2,671 results.  
 
Study Selection  
The screening of studies was carried out independently by two investigators (C.D. and B.N.). To 
qualify for inclusion, the study must: (1) be a SR or meta-analysis; (2) include at least one study 
in its review which compares alprazolam to placebo, SSRI, TCA, and/or other benzodiazepine; 
(3) be available in English; and (4) involve human data. Returned results from PubMed, Scopus, 
and Embase were downloaded to the Rayyan web application (rayyan.qcri.org/) where the 
investigators initially screened each article by title and abstract alone. Through Rayyan, the 
decision-making of each investigator for each article remained hidden from the other investigator 
until both investigators completed their independent screen. Articles that could not be 
definitively included or excluded based on title and/or abstract alone were then examined by full 
text. Disagreements of inclusion following this independent screening were then resolved by 
discussion and mutual consensus between C.D. and B.N. 
 
Data Extraction 
Data was independently extracted by both investigators with the use of a pre-coded form. The 
following data was extracted from the full-texts of all studies meeting the criteria for inclusion: 
(1) name of each author, (2) the authors’ institutional affiliations, (3) verbatim funding and FCOI 
disclosure statements, (4) whether authors included their own primary studies in the review, (5) 
favorability of results for alprazolam, (6) favorability of results for benzodiazepines, (7) 
favorability of discussion and/or conclusion for alprazolam, (8) favorability of discussion and/or 
conclusion for benzodiazepines, and (9) whether the article contained risk of bias evaluations.  
 
As part of our data extraction, the results section of each study meeting our criteria for inclusion 
underwent two different evaluations. Firstly, they were rated as favorable for alprazolam if more 
than 50% of the alprazolam studies included in the SR favored alprazolam, unfavorable for 
alprazolam if more than 50% of alprazolam studies included in the SR favored the comparator, 
or mixed if the SR did not report complete results or when the results did not fit the categories of 



favorable or unfavorable for alprazolam as defined by the 50% benchmark that we had 
predetermined. The same protocol was repeated for each article in determining the results 
section’s favorability for benzodiazepines. Each results section was rated as favorable for 
benzodiazepines when more than 50% of the studies involving benzodiazepines favored 
benzodiazepines, unfavorable for benzodiazepines when more than 50% of studies involving 
benzodiazepines favored another drug class, or mixed if neither definition was met.  
 
In addition to the results section, the discussion and conclusion sections of each study meeting 
our criteria for inclusion were also evaluated for favorability of alprazolam. A discussion and/or 
conclusion was rated as favorable for alprazolam if either stated that alprazolam was superior to 
comparator, unfavorable for alprazolam if either stated that comparator was superior to 
alprazolam, equivocal for alprazolam if either called for more data, or not applicable for 
alprazolam if neither discussion nor conclusion specifically addressed alprazolam. The same 
protocol was repeated to determine each discussion and/or conclusion’s favorability for 
benzodiazepines as a drug class.  
 
During our data extraction, using Cochrane’s criteria12, we also rated four domains of risk of bias 
for each study meeting our criteria for inclusion as present, absent, or uncertain: (1) replicable 
inclusion criteria, (2) blinded fashion screening and extraction, (3) comprehensive search, and 
(4) additional measures employed for reducing bias. An article’s overall risk of bias was 
considered high if less than 3 of these criteria were present.  
 
Following data extraction of each article, the investigators proceeded to independently search for 
undisclosed financial ties in the lifetime of each author using the following electronic search 
engines: (1) Open Payments (open.payments data.cms.gov), which catalogues all payments made 
to US-based physicians from pharmaceutical and device manufacturers, (2) ProPublica’s 
Dollars-for-Profs (projects.propublica.org/dollars-for-profs/), which lists self-disclosed FCOIs by 
principal investigators of National Institutes of Health grants, (3) Google Patents 
(google.com/?tbm=pts), which archives both active and inactive patents across the world, and (4) 
the US Patent & Trademark Office (patft.uspto.gov/netahtml/PTO/search-bool.html), which 
indexes patents filed specifically in the US. In addition to the above search modalities, the 
investigators also independently reviewed the FCOI disclosure statements of other articles 
published by each author that could be accessed through PubMed by searching the author’s full 
name. In our binary decision of whether FCOI is present or absent for each author, we agreed to 
include any form of manufacturer payment greater than $0 (excluding any payment in the form 
of food and beverage), filings of patents related to medicine, and any self-disclosures of ties to 
manufacturers throughout the lifetime of the author as FCOI being present. Following this 
comprehensive review of financial ties, the investigators then met to discuss and reconcile any 
discrepancies of their independent findings.  
 
Results 
 
The systematic search identified 3,093 results. After adjusting for duplicates, the abstracts and 
titles of 2,829 articles were screened for a first evaluation. Of these, 2,788 did not meet the 
inclusion criteria and were excluded. Main reasons for exclusion were publication type (i.e. case 
report, conference abstract, randomized-control trial), drug of study (i.e. anticonvulsants, anti-



psychotics, herbal supplements), study design (i.e. comparison to non-pharmacotherapy, 
investigation of pharmacokinetics or pharmacodynamics), and study population (i.e. rats, mice). 
Of the remaining 41 studies, two full texts could not be retrieved and an additional two studies 
were excluded for wrong study design. Therefore, a total of 37 studies met the criteria of 
inclusion for this present review (see Figure 1). Of the 37, 15 articles, or 40.5%, were rated to 
have a high risk of bias. (Insert Figure 1 about here) 

 

Among the 37 studies, there were 159 authors and 169 authorships. Of these 159 authors, 42 
authors, or 26.4%, had some form of FCOI in their lifetime (i.e. consulting fees, speaking fees, 



sponsored travel and lodging, research funding, and patent revenue) (see Table 1; Insert Table 1 
about here).  

 

Of the 159 authors, 40 listed institutional affiliations with the US, 24 with Italy, 14 with Canada, 
13 with the UK, 12 with Australia, 10 with the Netherlands, 8 with Germany, 7 with Japan, 6 
with Spain, 5 with China, 5 with Brazil, 4 with Austria, 4 with Turkey, 2 with South Africa, 2 
with Thailand, 1 with Portugal, 1 with Spain, and 1 with Singapore. Of the 42 authors we 
discovered to have lifetime FCOI, 13 were affiliated with US institutions.  
 
Of the 37 studies included in this review, 15 results sections were favorable for alprazolam, 8 
were unfavorable, and 14 were mixed. Of the 15 articles which had favorable results for 
alprazolam, 6 articles, or 40%, had at least one author with an FCOI. Of the 15 articles which 
had favorable results for alprazolam, 6 of these articles also had favorable discussion/conclusion 
sections for alprazolam. Of these 6 articles, 3 articles, or 50%, had at least one author with an 
FCOI. None of these authors’ FCOIs were disclosed. Of these 3, 1 article was also rated as 
having a high risk of bias. 
 
Of the 37 articles, when looking exclusively at the discussion/conclusion sections, 8 articles had 
discussion and/or conclusions which were favorable for alprazolam, 4 which were unfavorable, 9 
which were equivocal, and 16 which did not address alprazolam. A large number of those 
discussions and/or conclusions which did not address alprazolam belonged to studies which 
focused on non-DSM diagnoses such as fibromyalgia and essential tremor, for which first-line 
drug treatments of those diagnoses (i.e. pregabalin, primidone) were given greater attention. Of 



the 8 discussion/conclusion sections that were favorable for alprazolam, 4, or 50%, had at least 
one author with an FCOI. Of these 4, 2 articles were also rated as having a high risk of bias. 
 
When looking at favorability for benzodiazepines, there were 7 results sections which were 
favorable, 7 unfavorable, and 23 mixed. Of the 7 articles with favorable results for 
benzodiazepines, 4 discussion/conclusion sections were also favorable for benzodiazepines. Of 
these 4 articles, 1, or 25% had at least one author with an FCOI. This 1 article was also rated as 
having a high risk of bias.  
 
Based on Open Payments Data, the author who received the most pharmaceutical funding 
received $170,713.03 in general funding, $228,171.51 in research payments, and $1,861,883.00 
in associated research funding between 2013 and 2018 which in total is $2,260,767.54. Of the 
general funding, $114,005.68 was in consulting fees and $35,573.59 was in travel and lodging. 
This author published a paper in 1995 concluding that alprazolam is superior to placebo and 
equivalent to tricyclic antidepressants in treating depression. There are three other authors of this 
study, one of whom has received $259,337.30 in general payments from pharmaceutical 
companies between 2013 and 2018, $232,218.75 of which were consulting fees. The two other 
authors did not have any financial disclosures that we could find. Due to limitations of the 
databases, we cannot determine if these authors received funding prior to the publication of the 
study in question. Therefore, we cannot say with certainty if they possessed financial conflicts of 
interest at the time of publication. The authors wish to stress that it is unknown if any of the 
above-mentioned payments were related to alprazolam or contributed to its use.  
 
Discussion 
 
Despite finding a significant amount of funding from undisclosed sources, the results did not 
show a large number of authors with FCOIs in systematic reviews or meta-analyses of 
alprazolam. Lack of FCOIs in the study sample is possible for different reasons. First, it could be 
that there is little FCOI in alprazolam studies. Another possibility could be secondary to the 
limitations discussed below. Of the 8 articles that had favorable conclusions/discussions for 
alprazolam, 4 of the articles contained at least one author who had FCOIs (50%). Though this 
does raise some concern, bias may be present as the sample size is small, 8. Again, while this 
FCOI does not necessarily imply that it was related to alprazolam, with the limited ability to look 
back past the creation of Open Payments, it provides some insight.  
 
It is most likely that an even higher percentage of authors in this study actually had a financial 
conflict of interest. It has been shown that 80% of authors of clinical drug trials have an 
undisclosed financial conflict of interest14. We recommend that journals have stricter 
requirements for authors in regard to disclosing the payments they have received as well as when 
they received those payments. More transparency could help to ensure that for-profit industries 
are not skewing medical research in their favor by financially influencing their researchers’ 
work. This has never been more important considering the current overdose epidemic14. 
  
The countries with the most authors were the US, Italy, and Canada. In the US, 12.6% of the 
population reported past-year benzodiazepine use15compared to 9% of current users in Italy16 and 
12% of past-year prescription sedative users in Canada17. The largest consumers per capita of 



short-acting benzodiazepines are the US, Spain, France, and Italy18. It is certainly concerning 
that countries with the most authors were similar to the countries that had large amounts of 
prescriptions.  
 
Some limitations of this study involve the resources used to determine financial conflicts of 
interest. Open Payments does not include information before 2013, and many of the papers were 
published before this time. This is demonstrated by the fact that of the authors with discoverable 
FCOIs, 81% were included for alprazolam research within the last decade. The scarce amount of 
resources for discovering FCOIs before this time period makes it difficult to accurately 
determine the number of authors of older studies with FCOIs. Additionally, Open Payments only 
includes data on US physicians, and all of the institutions covered by Dollars for Profs are 
located in either the US or Canada19,20. Only 25.2% of the authors included are affiliated with the 
US, so these resources do not return results for the majority of authors regardless of any financial 
incentives they may have received. 30.9% of the authors with FCOIs are affiliated with the US, 
and the discrepancies in US affiliation percentages between the included authors and FCOI 
authors could be due to the wider availability of resources in researching US authors. Therefore, 
it is imperative that international databases or payment reporting proxies in nations with large 
research outputs are established to allow for better financial screening of researchers. 
 
Throughout our full text reviews of each included article, it became more evident that another 
direction of research needs to be addressed. Some articles use unethical reporting techniques that 
state a treatment group is superior to comparators despite not having statistically significant 
evidence to support the claim21. This is a growing area of concern and has been coined spin21. 
Jellison et al. define spin as “the use of specific reporting strategies, from whatever motive, to 
highlight that the experimental treatment is beneficial, despite a statistically nonsignificant 
difference for the primary outcome, or to distract the reader from statistically nonsignificant 
results”21. This study found evidence of spin in 56% of the randomized controlled trials that met 
their inclusion criteria21. We also found evidence of spin over our full text review of our included 
articles. One example was alarming. This article stated that the group taking alprazolam had an 
increased risk of worsening suicidal ideation in patients with depression in their results section. 
However, it stated that their findings “show no suggestion that use of alprazolam in depressed 
patients is associated with either the emergence or worsening of suicidal ideation” in their 
discussion section22. The authors of this article disclosed their affiliation with the original 
producers of alprazolam, The Upjohn Co. and Pharmacia & Upjohn, Inc22. It is also interesting 
that, despite this affiliation, neither author had any payments reported on any of the four search 
engines used in our study. This could be due to the limitations that we previously discussed, or 
they could be due to other reasons. Regardless, better oversight of spin and payment reporting 
needs to occur to maintain the validity and the integrity of peer-reviewed research. 
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