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ABSTRACT

Opioid crisis in North America called for an evidence synthesis to compare the effects
of analgesics for the management of acute dental pain. Uncertainty about the effects of
gender-affirming interventions required a series of systematic reviews and meta-
analyses. We used standard, intermediate, and advanced methods to create these
evidence syntheses. This thesis presents four systematic reviews that address a total of
44 comparisons, 54 outcomes, 185 included studies. In terms of advanced methods, the
best available evidence assessing the comparative effectiveness of acetaminophen,
NSAIDs and opioids, ranging from moderate to high certainty, was derived from
numerous RCTs, and we performed a systematic review and network meta-analysis.
We used Grading of Recommendations Assessment, Development and Evaluation
(GRADE) guidance for network meta-analyses and used an automated tool to rate the
certainty of the evidence for direct, indirect, and network estimates of effect. For data
interpretation and clarity of presentation, we classified the interventions from the most
to the least effective by considering the estimate of effect and the certainty of the
evidence and organized these data according to a colour coding system. Based on
moderate and high certainty evidence, our systematic review and network meta-
analysis demonstrated that NSAIDs with or without acetaminophen result in better
pain-related outcomes than opioids with or without acetaminophen. As numerous
outdated systematic reviews and meta-analyses about the effects of corticosteroids
have been published, for our systematic review, we searched the Epistemonikos

database and the Living Overview of Evidence (LOVE) platform that utilizes artificial
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intelligence. With low and very low certainty evidence, our systematic review and
meta-analysis suggested that there is a trivial (unimportant) difference in postoperative
pain intensity and postoperative infection after administration of corticosteroids orally,
submucosally, or intra-muscularly compared to placebo in patients undergoing third
molar extractions. Research about gender dysphoria has been a subject of contentious
discussion. Therefore, when conducting systematic reviews and meta-analyses about
gender-affirming hormone therapy and gender-affirming mastectomy for individuals
experiencing gender dysphoria, we devised a plan for minimization and management
of conflicts of interest to demonstrate the integrity of our work. The systematic reviews
and meta-analyses about the interventions to manage gender dysphoria in children and
young adults showed that the current best available evidence about the effects of
gender-affirming hormone therapy and mastectomy comes mostly from the
methodologically limited before-after and case series studies, and ranges from high to
very low certainty. As the fields of dentistry and gender medicine are advancing
rapidly, researchers are challenged with creating and appropriately using methods for
synthesizing evidence into systematic reviews and (network) meta-analyses to produce

authentic results.
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INTRODUCTION

Evidence Syntheses and Clinical Practice Guidelines for Decision-Making

A clinical practice guideline (CPG) is a series of statements that include
recommendations for the best management of a particular clinical condition or
diagnosis [1]. The development of a CPG is informed by rigorous evidence syntheses
and an assessment of the benefits and harms of existing management options. A CPG
is developed by a team of methodologists, an evidence synthesis team, and a panel of
clinical experts in the field. The team of methodologists assists the panel of experts
throughout the entire process of developing a CPG. The organization spearheading the
development of the CPG, along with the panel of experts and methodologists,
determines the scope, purpose, target audience, and clinical questions for the guideline.
The evidence synthesis team conducts the evidence syntheses that aim to address the
clinical questions. Subsequently, the team of methodologists, along with the panel of
experts, uses the results of the evidence syntheses to assess the benefits and harms of
the management options, patients’ values and preferences related to the management
options, and resources, acceptability, feasibility, and equity associated with the

management options in order to formulate recommendations for the CPG.

Evidence syntheses can include a series of systematic reviews and meta-analyses or
network meta-analyses that synthesize the best available evidence to address the
clinical questions posed by the CPG. In addition to developing CPGs, evidence

syntheses can be used independently by clinicians, patients, and policy makers to make
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decisions about the management of a particular clinical condition or diagnosis.
Evidence syntheses can answer questions related to the benefits and harms associated
with choosing a particular treatment option in comparison to placebo or other treatment
options. Evidence syntheses can also be used when conducting economic analyses and
health technology assessments by providing data about the clinical effectiveness of a

treatment option.

There are two topics for which I led an extensive evidence synthesis. The first evidence
synthesis, consisting of four publications, was used to inform the development of two
clinical practice guidelines for the management of acute dental pain in adults and
children. The second evidence synthesis, consisting of five publications, was conducted
to inform patients, clinicians, and policy makers about the current best available
evidence for the management of gender dysphoria in individuals below 26 years of age
when making decisions about existing treatment options. In this thesis, I describe and
discuss the standard, intermediate and advanced syntheses methods to inform decision

making about the use of opioids and gender-affirming treatments.

Acute Dental Pain

In North America, dentistry as a field has existed for several centuries. One of the first
dentists in America was an English surgeon and dentist John Baker, who settled in
Boston in 1763 [2]. Various analgesics used to manage the acute dental pain today,
such as acetaminophen, non-steroidal anti-inflammatory drugs (NSAIDs) and opioids,

have existed for many years and originally had a different purpose.
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Acetaminophen was first synthesized in 1878 and was first used to treat any pain and
fever in 1893 [3]. An existing explanation for its mechanism is that it blocks one of the
cyclo-oxygenase (COX) enzymes at the pain site [3, 4], which is also a known
mechanism of action of NSAIDs [3, 5]. However, the effect of acetaminophen at the
pain site is too weak to be responsible for pain relief, therefore it is hypothesized that
its effect may be exerted by blocking the enzyme production in the brain, thus blocking
further transmission of the pain nerve impulses [3, 6]. If this is the case, it could be
hypothesized that prolonged use of acetaminophen may undesirably affect the

development of the brain, especially in children [7].

Ibuprofen, a NSAID, was derived from propionic acid (a food preservative) during the
1960s in efforts to find a safer alternative to aspirin [8]. In 1969, ibuprofen was
launched in the United Kingdom to manage rhematic diseases and marketed as
prescription medication, Brufen [8]. In 1983, ibuprofen was approved as an over-the-
counter medicine in the United Kingdom, followed by the United States of America
(USA) in 1984 [8]. Naproxen, another NSAID, was developed by Atnahs Pharma [9].
In 1976, the United States Food and Drug Administration approved Naproxen for the
management of autoimmune disorders such as rheumatoid arthritis and juvenile
rheumatoid arthritis, under the brand name Naprosyn [9]. Neither ibuprofen nor

naproxen treat the root cause of the rhematic diseases.

The use of opioids to treat pain became prevalent in the USA in the early 1860s as a
way to treat wounded soldiers during the civil war [10]. These soldiers were treated

with morphine, and many developed dependencies and addictions to the drug in the
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years following the war [10]. Ironically, in 1898, the Bayer Company introduced heroin
as a safe and effective pain reliever and cough suppressant, with the assertion that it
was less habit-forming than morphine [11]. Throughout the 1910s-1920s, the USA
placed restrictions on opioids and narcotics, requiring a formal prescription. In 1995,
Purdue Pharma developed OxyContin, a version of oxycodone, which was presented
as a “gentler and less-addictive opioid” [12]. Over the next two decades, clinicians
increased the prescription of this and other opioids to treat pain and, therefore,
increased the number of individuals who developed an addiction [12]. Despite lawsuits
taken against Purdue Pharma, opioids continued to be heavily prescribed, resulting in
large numbers of individuals presenting with addictions and dying by overdose. In
October 2017, the USA was officially declared to be in a public health crisis and

measures keep being taken to reduce it.

Dentists prescribe acetaminophen, NSAIDs, opioids and other analgesics such as
corticosteroids and local anesthetics to alleviate acute pain following various dental
procedures and conditions, including tooth extraction and symptomatic irreversible
pulpitis. Over the last few years in North America, prescription of opioids by dental
clinicians appears to account for 5% to 10% of all opioid prescriptions [13]. Dentists
prescribe opioids to manage the acute dental pain and have been recorded to prescribe
large amounts of analgesics for extended periods of time [14]. Among individuals with
at least one dental visit, it is estimated that 28.6% of adults and 2.7% of children

received an opioid in 2012 [15]. Although these numbers have presumably declined to



Ph.D. Thesis — Anna Miroshnychenko; McMaster University — Health Research
Methodology

12.2% of adults and 1.6% of children in 2019, opioid use and misuse are still a leading

cause of morbidity and mortality in North America [15].

Management of acute dental pain with opioids is associated with a series of adverse
effects [16-19]. Seventy five percent of individuals who develop an opioid use disorder
start with a prescription for opioid analgesics [20]. Fifty four percent of patients fill but
do not fully consume their prescribed opioids, thus potentially increasing the risk of
misuse [21]. Adolescents are at an increased risk of developing an opioid use disorder
[22, 23]. In 2020, 19% of adolescents aged 12-18 years had used an opioid prescription
in the past 12 months; 15.7% had used medically as prescribed and 3.2% had misused
[24]. Further, dental prescriptions at the recommended morphine milligram equivalents
have been associated with an increased risk of adverse outcomes, including major
depressive and anxiety disorders [25, 26]. Since the announcement of an opioid crisis
in 2017, various academic and government bodies in the USA and Canada have taken

action to provide guidance for the use of opioids for dental procedures.

In Canada, the Royal College of Dental Surgeons of Ontario released opioid
prescribing guidelines for dental clinicians in November of 2015 [27]. The guideline
recommended prescription of opioids as a third-line therapy for acute dental pain after
attempting acetaminophen and NSAIDs. After publication of the guideline, dentists in
the Canadian province of Ontario issued 1,571,897 opioid prescriptions to 1,157,102
patients over a period of five years (i.e., between 2012 and 2017). The guideline was
not associated with a change in opioid dispensing rates, however it was associated with

a statistically significant reduction in the volume of opioids dispensed (28.1%
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reduction in opioid units such as milligram morphine equivalents per 100 population
between 2015 and 2017) [27]. The guideline suggested that there remained to be
uncertainty about the comparative effectiveness of opioids, NSAIDs, and

acetaminophen [27].

In 2020, the American Dental Association Science & Research Institute (ADASRI),
the University of Pittsburgh School of Dental Medicine, and the Center for Integrative
Global Oral Health at the University of Pennsylvania aimed to produce the evidence-
based clinical practice guidelines (CPGs) for the pharmacological management of
acute dental pain consecutive to simple and surgical tooth extractions and pain
associated with pulpitis and its complications. In order to provide the best available
evidence to inform the CPGs [28, 29], we conducted a systematic review and network
meta-analysis to assess the comparative effectiveness of opioids, NSAIDs, and
acetaminophen in adults [30]. Further, we conducted three systematic reviews and
meta-analyses to assess the comparative effectiveness of analgesics to manage the
acute dental pain in children [31], corticosteroids to manage the acute dental pain in

adults [32], and local anesthetics to treat acute dental pain in adults [30].

In this evidence synthesis, we included randomized controlled trials (RCTs) only, as
we identified a relatively large amount of RCTs meeting the inclusion criteria. We
assessed a set of specific outcomes at specific time points determined by the guideline
panel with the guidance from peer-reviewed evidence. For the systematic review and
network meta-analysis assessing the comparative effectiveness of analgesics to manage

the acute dental pain, each treatment option was carefully selected by the guideline
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panel and could include more than one dose for a monotherapy or a combination [30].
In terms of analyses, we performed frequentists network meta-analyses (NMAs) using
a random effects model in RStudio. We used an automated tool to rate the certainty of
the evidence for direct, indirect, and network estimates of effect, and used a single
threshold approach for the assessment of imprecision using the Grading of
Recommendations, Assessment, Development and Evaluation (GRADE) guidance.
Further, we used a classification system to rate the interventions from the most to the
least effective in the management of acute dental pain by taking into consideration the
magnitude of effect and the certainty of the evidence, and we organized this
information according to an easily interpretable colour coding system. For the
systematic review and meta-analysis assessing the effectiveness of corticosteroids for
the management of acute pain following dental extractions, we used a similar
methodology as well as a unique approach to retrieving relevant evidence via a
collaboration with the Epistemonikos database and the Living Overview of Evidence
(LOVE) platform that utilizes artificial intelligence in addition to input from

methodologists [32, 33].

Gender Dysphoria

In North America, the field of gender medicine seems to have emerged with the John
Hopkins Gender Clinic, which opened in 1965. It was the first gender clinic in the USA
to provide comprehensive care for transgender individuals including counseling,

hormone therapy, and gender-affirming surgeries [34].
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Later in North America, Harry Benjamin, an endocrinologist studying gender diversity,
published a book, The Transsexual Phenomenon [35]. Before publishing this book,
Harry Benjamin studied with Magnus Hirschfeld at the institute for Sexual Science in
Berlin. Magnus Hirschfeld attempted to explain the experience of gender diversity by
creating an initial framework [35]. While Hirschfeld’s colleagues aimed to cure gender
diverse patients, he developed and implemented “adaptation therapy” at his institute in
Berlin to help patients live “according to their nature” [35]. Harry Benjamin adopted
many of Hirschfeld’s beliefs while studying with him. The Transsexual Phenomenon
provided the foundation for modern transgender and gender diverse health care by
advising that hormonal and surgical treatments are therapeutic and life-saving for this

patient population [35].

In 1980, the American Psychiatric Association added the diagnosis of “gender identity
disorder” to the third Diagnostic and Statistical Manual of Mental Disorders (DSM-3)
[35]. In 2013, this diagnosis was reconceptualized as “gender dysphoria” in the DSM-
5 [35]. According to the DSM-5, gender dysphoria refers to psychological distress
resulting from a “marked incongruence between one’s experienced or expressed gender
and assigned gender” [36]. According to the World Health Organization’s
International Classification of Diseases, Eleventh Edition (ICD-11), a similar
condition of “Gender Incongruence of Adolescence or Adulthood” refers to “a marked
and persistent incongruence between an individual’s experienced gender and the
assigned sex, which often leads to a desire to transition in order to live and be accepted

as a person of the experienced gender, through hormonal treatment, surgery or other
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health care services to make the individual’s body align, as much as desired and to the
extent possible, with the experienced gender”. Further, the /CD-11 defines “Gender
Incongruence of Childhood” as a “marked incongruence between an individual’s

experienced/expressed gender and the assigned sex in pre-pubertal children”.

Today, individuals experiencing gender dysphoria or gender incongruence may choose
to pursue gender-affirming treatments [37]. These gender-affirming treatments may
include social gender transition (SGT), medical affirmation such as puberty blockers
and gender-affirming hormones, and surgical affirmation such as mastectomy or
masculinizing chest surgery, masculinizing phalloplasty, feminizing vaginoplasty,

facial feminization procedures, reduction thyrochondroplasty, and voice surgery [37].

Currently, there are two approaches to gender-affirmation treatment. The first approach
is the gender-affirmation approach. This approach prioritizes assisting youth in social
and medical changes to affirm their experienced gender [38]. The second approach is
the watchful waiting approach. The aim of this approach is to allow time for youth to
explore and mature [39-41]. This aim is based on the evidence that for a proportion of
individuals who experience childhood gender dysphoria, the dysphoria resolves by late

adolescence or young adulthood [39, 42, 43].

There is currently uncertainty with respect to the effects of gender-affirming
treatments. There were no systematic reviews and meta-analyses assessing the effects
of gender affirming treatments, i.e., social gender transition, chest binding and genital

tucking, gender-affirming mastectomy, puberty blockers and gender-affirming

10
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hormones, that examined the risk of bias in each individual study as well as assessed
the certainty of the evidence of each outcome of interest. In order to investigate the
effects of gender-affirming treatments, we performed an evidence synthesis consisting
of five systematic reviews and meta-analyses to assess the effects of social gender
transition (submitted as a report), chest binding and genital tucking (submitted for
publication), mastectomy [44], puberty blockers [45], and gender-affirming hormones

[46].

The evidence synthesis to address interventions for gender dysphoria included
observational studies only, ranging from high to very low certainty, and we did not
identify any RCTs meeting our inclusion criteria. In this evidence synthesis, due to the
sensitive nature of the subject matter, we aimed to provide an impartial introduction in
every publication, describing the existing definition of gender dysphoria and
highlighting all existing management approaches for gender dysphoria. We aimed to
transparently disclose any conflicts of interest as well as devised a plan for the
minimization and management of conflicts of interest. In our efforts to communicate
the results in accordance with the latest methodological guidance, we were diligent to
not make recommendations within the evidence syntheses, as only CPGs are

appropriately positioned to do this.

The objective of this thesis is to illustrate and discuss the standard, intermediate, and
advanced syntheses methods used to inform decision making about the use of opioids
and gender-affirming treatments. This thesis is based on four peer-reviewed

publications that illustrate the application of standard, intermediate and advanced

11
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methods, two publications included in the first evidence synthesis and two publications
included in the second evidence synthesis. The last chapter summarizes the standard,
intermediate, and advanced methods in all included publications. The last chapter also
highlights important findings of all included publications and discusses possible future

research for both topics.

Chapter 2 focuses on the systematic review and network meta-analysis to compare the
effectiveness of opioids, NSAIDs, and acetaminophen for the management of acute
dental pain. This chapter presents the application of the standard, intermediate, and
advanced methods used in this systematic review and network meta-analysis. This
chapter also presents important findings of this review that were used to inform a CPG

for the management of acute dental pain in adults by the American Dental Association.

Chapter 3 focuses on the systematic review and meta-analysis to assess the
comparative effectiveness of corticosteroids for the management of pain subsequent to
surgical tooth extraction in adults. This chapter presents the application of the standard,
intermediate, and advanced methods used in this systematic review and meta-analysis.
This chapter also presents important findings of this review that were used to inform a
CPGs for the management of acute dental pain in adults by the American Dental

Association.

Chapter 4 focuses on the assessment of the effects of gender-affirming hormone
therapy for youth experiencing gender dysphoria. This chapter presents the application

of the standard, intermediate, and advanced methods used in this systematic review and
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meta-analysis. This chapter also highlights important findings of this review that are
being used by patients, clinicians, policy makers and other stakeholders regarding the

management of gender dysphoria in youth.

Chapter S focuses on the assessment of the effects of mastectomy for individuals
experiencing gender dysphoria. This chapter presents application of the standard,
intermediate, and advanced methods used in this systematic review and meta-analysis.
This chapter also highlights important findings of this review that are being used by
patients, clinicians, policy makers and other stakeholders regarding the management of

gender dysphoria in youth and young adults.

This thesis ends with Chapter 6, which is a discussion of the standard, intermediate,
and advanced methods used to generate evidence syntheses to inform decision-making
for the management of acute dental pain and gender dysphoria. This chapter also
highlights important findings of all included publications, while exploring future
direction for the use of analgesics to manage acute dental pain and gender-affirming

interventions to manage gender dysphoria.
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ABSTRACT

Objective: This study compares the effectiveness of pharmacological treatments to

develop guidelines for the management of acute pain after tooth extraction.

Methods: We searched Medline, EMBASE, CENTRAL, and US Clinical Trials
registry on November 21, 2020. We included randomized clinical trials (RCTs) of
participants undergoing dental extractions comparing 10 interventions, including
acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDs), opioids, and
combinations to placebo. After duplicate screening and data abstraction, we conducted
a frequentist network meta-analysis for each outcome at 6 h (i.e., pain relief, total pain
relief [TOTPAR], summed pain intensity difference [SPID], global efficacy rating,
rescue analgesia, and adverse effects). We assessed the risk of bias using a modified
Cochrane RoB 2.0 tool and the certainty of evidence using the Grading of
Recommendations, Assessment, Development, and Evaluation approach. We
implemented the analyses in RStudio version 3.5.3 and classified interventions from

most to least beneficial or harmful.

Results: We included 82 RCTs. Fifty-six RCTs enrolling 9,095 participants found
moderate- and high-certainty evidence that ibuprofen 200 to 400 mg plus
acetaminophen 500 to 1,000 mg (mean difference compared to placebo [MDp], 1.68;
95% confidence interval [CI], 1.06-2.31), acetaminophen 650 mg plus oxycodone 10

mg (MDp, 1.19; 95% CI, 0.85-1.54), ibuprofen 400 mg (MDp, 1.31; 95% CI, 1.17-
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1.45), and naproxen 400-440 mg (MDp, 1.44; 95% CI, 1.07-1.80) were most effective
for pain relief on a 0 to 4 scale. Oxycodone 5 mg, codeine 60 mg, and tramadol 37.5
mg plus acetaminophen 325 mg were no better than placebo. The results for TOTPAR,

SPID, global efficacy rating, and rescue analgesia were similar.

Conclusion: Based on moderate- and high-certainty evidence, NSAIDs with or without
acetaminophen result in better pain-related outcomes than opioids with or without
acetaminophen (except acetaminophen 650 mg plus oxycodone 10 mg) or placebo.
Based on low- and very low-certainty evidence, most interventions were classified as

no more harmful than placebo for most selected adverse effects.
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INTRODUCTION

North America is amid an opioid crisis, which is a leading public health and safety
concern. In dentistry, many patients are prescribed opioids for the first time to manage
acute postoperative pain after dental impaction surgery. This often results in
prescription of an excess number of opioid pills, thereby increasing the risk of misuse,

abuse, and addiction [1-3].

Acute dental pain includes pain from both surgical and nonsurgical dental conditions.
Of over half a million dental patient visits between 2011 and 2015, 29% of prescribed
opioids exceeded the recommended morphine equivalent for appropriate management

of acute pain, and over half exceeded the recommended days of supply [4].

The current clinical practice guidelines lack evidence-based guidance on effective
management of acute dental pain [5]. The National Academies’ report, titled Framing
Opioid Prescribing Guidelines for Acute Pain, highlighted the need to formalize

evidence-based alternatives to opioid analgesics in a clinical practice guideline [6].

The objective of this systematic review (SR) and network meta-analysis (NMA) was
to assess the comparative effectiveness of pharmacological treatments for the
management of pain subsequent to simple and surgical tooth extraction, as well as pain
associated with pulpitis or its complications. This SR was conducted to inform the 2022

evidence-based clinical practice guidelines produced by the American Dental
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Association (ADA) Council on Scientific Affairs, the ADA Science & Research
Institute (ADASRI), and the University of Pittsburgh’s and the University of
Pennsylvania’s Schools of Dental Medicine in partnership with the US Food and Drug

Administration (FDA) for the management of acute dental pain.

METHODS

We report this SR following the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) checklist for SR and NMAs
(see Appendix Table 1) [7]. We did not register this SR but followed preestablished
methodology outlined in the plan for guideline development and used eligibility criteria

determined by the recommendation questions addressed by the guideline panel.

Eligibility criteria

We included randomized clinical trials (RCTs) including individuals ages 12 and above
undergoing simple or surgical tooth extraction or affected by symptomatic pulpitis or
its complications that compared 10 interventions, including acetaminophen,
nonsteroidal anti-inflammatory drugs (NSAIDs), opioids, and combinations against
one another or placebo. We limited the literature to peer-reviewed articles and English

language.
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The interventions and dosages were selected by the guideline panel as the most
commonly prescribed and relevant to acute dental pain management after a
prioritization exercise that considered more than 30 different drugs as monotherapies
or combinations. Similar to Cochrane Library overviews of multiple analgesics, a
follow-up time point of 6 h was selected to eliminate distortions of findings (i.e.,
summed pain intensity difference [SPID], total pain relief [TOTPAR], proportion of
rescue medications) when comparing short-duration (4-6 h) and long-duration (8—12
h) agents. The outcomes included pain relief at 6 h, TOTPAR at 6 h, SPID at 6 h, global
efficacy rating at 6 h, proportion of participants receiving rescue analgesia at 6 h, and
adverse effects (central nervous system and gastrointestinal) at the longest reported
follow-up time point. See Appendix Table 2 for a list of included interventions and

outcomes.

To establish the aforementioned eligibility criteria, the guideline panel relied on peer-
reviewed literature regarding dental pharmacology, professional experience, a national
survey of US oral surgeons of drug selection and prescribing behaviors, and selective
randomized clinical trials of analgesic efficacy following third molar extractions. All
decisions regarding the eligibility criteria for drug/dose selection and time points were

made with the consensus of the panel.

Information sources

23



Ph.D. Thesis — Anna Miroshnychenko; McMaster University — Health Research
Methodology

We performed searches in Medline, EMBASE, CENTRAL, and US Clinical Trials
registry from inception through November 21, 2020. See Appendix Table 3 for a

sample search strategy.

Study selection

We performed searches in Medline, EMBASE, CENTRAL, and US Clinical Trials
registry from inception through November 21, 2020. See Appendix Table 3 for a

sample search strategy.

Data collection

For each eligible trial, pairs of reviewers, following training and calibration exercises,
extracted data independently using a standardized, pilot-tested data extraction form.
Reviewers collected information on trial characteristics (i.e., design), patient
characteristics (i.e., age, gender, country), and outcomes of interest. Reviewers

resolved discrepancies by discussion and, when necessary, with adjudication by a third

party.

Risk of bias within individual studies

For each eligible trial and outcome, pairs of reviewers, following training and

calibration exercises, independently used a modification of the Cochrane tool to assess
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risk of bias in randomized trials (RoB 2.0). Reviewers resolved discrepancies by

discussion and, when necessary, with adjudication by a third party.

Data synthesis

Treatments were grouped into nodes that could include more than 1 dose for a
monotherapy or a combination, according to the eligibility criteria listed above. The
comparator/reference for all networks was selected to be the intervention/placebo

reported in the highest number of studies.

We summarized the effect of interventions on dichotomous outcomes (i.e., proportion
of participants receiving rescue analgesia and adverse effects) using odds ratios (ORs)
and risk differences (RDs), as well as their corresponding 95% confidence interval
(CI). For continuous outcomes (i.e., pain relief, TOTPAR, SPID, global efficacy
rating), we used the mean difference (MD) (between pre- and postoperative scores) and
corresponding 95% CI. When studies reported the same outcome using a scale with a
different range, we converted data to the scale range most commonly reported before
conducting analyses [8]. When standard deviation (SD) was not reported, we calculated
SD using standard error, confidence intervals, means, and sample sizes. In rare
instances, when neither of the beforementioned statistics were reported, we imputed

SD by choosing a median SD of 3 studies with similar means [9].
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We performed frequentist NMAs for outcomes with sufficient data. If data were
insufficient for an NMA but adequate for a pairwise meta-analysis (i.e., at least 2
studies), we conducted pairwise meta-analyses comparing specific interventions. All
analyses were completed using a random-effects model and weighting studies

according to the inverse of their variance.

We implemented the analyses in RStudio version 3.5.3 (R Studio). We used the
package netmeta [10] to conduct NMAs and the packages meta [11] and metafor [12]

to conduct pairwise meta-analyses.

Certainty of the evidence

We assessed the certainty of the evidence using the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) approach for NMAs [13-15].
The GRADE domains included risk of bias, inconsistency, indirectness, publication
bias, imprecision, transitivity, and incoherence (i.e., agreement between direct and
indirect evidence). Two methodologists rated each domain for each outcome and
comparison independently, resolving discrepancies by discussion. We used a
minimally contextualized approach to rate our certainty that there was an important
effect [16], using a threshold of 10% of the length of the scale as the minimally
important difference for continuous outcomes and baseline risk for dichotomous

outcomes.
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Presentation of results

To facilitate interpretation of results of dichotomous outcomes, we calculated absolute
effects (95% CI) per 100 participants. To draw conclusions, we classified interventions
in groups from the most to the least effective by considering the estimates of effect and

the certainty of the evidence [17]

Subgroup and sensitivity analyses

Subgroup and sensitivity analyses were not planned.

RESULTS

After screening 4,716 titles and abstracts, we included 85 unique RCTs reported in 82
publications (Figure 1). Reasons for exclusion at the full-text screening stage (n = 776)

are presented the Figure 1.
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Figure 1. Study identification and selection flowchart.
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Characterstics of included studies

Characteristics of the included studies are reported in Table 1. All studies were parallel

group RCTs. Most studies were conducted in the United States (75%). Number of

participants ranged from 31 to 540. Mean age of participants across studies varied from

13.5 (SD=2.64) to 40.7 (SD not reported). Interventions were administered orally.

Surgical tooth extraction was the type of extraction performed in all included studies.

Studies assessing the interventions of interest in patients with symptomatic pulpitis or

its complications were not found.

Table 1. The characteristics of included studies.

Study ID Year Study Country Number of Age (years) Gender Type of Type of Interventions
design participants Overall extraction tooth
randomized (report all
information
available in
study)
Mean/Range Female
(SD/SE) (%)
Cooper 1988 Parallel United 80 Mean: 22.60 65 Surgical Not Ibuprofen 400
group States of (SD=4.31) tooth specified mg (fast acting
America extraction or acid),
Placebo/ no
treatment
Cooper 1981 Parallel United 116 Mean: 23.19 59.46 Surgical Impacted Acetaminophen
group States of (SD=NR) tooth third 650 mg,
America extraction molars Acetaminophen
650 mg/codeine
60 mg, Placebo/
no treatment
Seymour 1996 Parallel United 123 Mean: 25.37 68.29 Surgical Impacted Acetaminophen
group Kingdom (SD=6.10) tooth third 500 mg,
extraction molars Acetaminophen
1000 mg,
Placebo/ no
treatment
Gay 1996 Parallel Spain 80 Mean: 23.70 53.66 Surgical Impacted Ibuprofen 400
group (SD=4.59) tooth third mg, Placebo/ no
extraction molars of treatment
the lower
jaw
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Kiersch 1994 Parallel United 134 Mean: 23.64 58 Surgical Partially or | Acetaminophen
group States of (SD=5.06) tooth completely | 1000 mg,
America extraction impacted Naproxen
third sodium 440 mg,
molars of Placebo/ no
the lower treatment
jaw
Dolci 1994 Parallel Italy 148 Mean: 27.54 61 Surgical Impacted Acetaminophen
group (SD=NR) tooth third 500 mg,
extraction molars Placebo/ no
treatment
Seymour 2003 Parallel United 94 Mean: 25.03 69.35 Surgical Impacted Solid
group Kingdom (SD=5.05) tooth third Acetaminophen
extraction molars of 1000 mg,
the lower Placebo/ no
jaw treatment
Mehlisch 2010 Parallel United 440 Mean: 20.38 62.42 Surgical Partially or | Ibuprofen 400
group States of (SD=3.61) tooth completely | mg/Acetaminop
America extraction impacted hen 1000 mg,
third Ibuprofen 200
molars of mg/Acetaminop
the lower hen 500 mg,
jaw Ibuprofen 400
mg,
Acetaminophen
1000 mg,
Acetaminophen
500 mg,
Placebo/ no
treatment
Cooper 2019 Parallel United 385 Mean: 19.0 53.7 Surgical Partially or | Ibuprofen
group States of (SD=2.8) tooth completely | 400mg,
America extraction impacted Naproxen
third sodium 440mg,
molars of Placebo/ no
the lower treatment
jaw
Mehlisch 2002 Parallel United 300 Mean: 26.4 NR Surgical Impacted Conventional
group States of (SD=NR) tooth third Ibuprofen
America extraction molars 400mg,
Ibuprofen
Arginate
400mg,
Placebo/ no
treatment
Seymour 1991 Parallel England 95 Mean: 25.01 59.38 Surgical Impacted Soft Gelatin
group (SD=6.84) tooth third Ibuprofen
extraction molars 400mg,
Ibuprofen
Tablet 400mg,
Placebo/ no
treatment
Seymour 1991 Parallel England 92 Mean: 25.67 78.13 Surgical Impacted Soluble
group (SD=4.64) tooth third Ibuprofen
extraction molars 400mg,
Ibuprofen
Tablet 400mg,
Placebo/ no
treatment
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Zelenakas 2004 Parallel United 101 Mean: 22.4 64.7 Surgical Impacted Ibuprofen
group States of (SD=4.51) tooth third 400mg,
America extraction molars of Placebo/ no
the lower treatment
jaw
Weiserl 2018 Parallel United 279 Mean: 19.52 65.7 Surgical Impacted Ibuprofen (acid)
group States of (SD=1.91) tooth third 400mg,
America extraction molars of Placebo/ no
the lower treatment
jaw
Al-Sukhun 2012 Parallel Finland 98 Mean: 30.29 47.17 Surgical Impacted Ibuprofen
group (SD=7.40) tooth third 400mg,
extraction molars of Placebo/ no
the lower treatment
jaw
Malmstrom 2002 Parallel United 90 Mean: 22.50 66.7 Surgical Impacted Ibuprofen
group States of (SD=6.72) tooth third 400mg,
America extraction molars of Placebo/ no
the lower treatment
jaw
Matthews 1984 Parallel United 36 NR NR Surgical Impacted Acetaminophen
group Kingdom tooth third 500mg,
extraction molars of Placebo/ no
the lower treatment
jaw
Gazal 2017 Parallel Saudi 80 Mean: 40.7 NR Surgical Impacted Ibuprofen
group Arabia (SD=NR) tooth third 400mg,
extraction molars Acetaminophen
1000mg
Kubitzek 2003 Parallel Germany 162 Mean: 26.0 NR Surgical Impacted Acetaminophen
group (SD=NR) tooth third 1000mg,
extraction molars Placebo/ no
treatment
Malmstrom 2004 Parallel United 100 Mean: 23.30 56 Surgical Partially or | Acetaminophen
group States of (SD=5.0) tooth completely | 600mg/Codeine
America extraction impacted 60mg, Placebo/
third no treatment
molars of
the lower
jaw
Qi 2012 Parallel United 540 Mean: 18.41 54.8 Surgical Partially or | Acetaminophen
group States of (SD=2.09) tooth completely | 1000mg,
America extraction impacted Acetaminophen
third 650mg,
molars of Placebo/ no
the upper treatment
or lower
jaw
Forbes 1986 Parallel United 86 Mean: 21.61 48 Surgical Impacted Codeine 60mg,
group States of (SD=NR) tooth third Placebo/ no
America extraction molars treatment
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Fricke 2002 Parallel United 100 Mean: 21.20 50 Surgical Impacted Tramadol 37.5
group States of (SD=4.24) tooth third mg plus
America extraction molars Acetaminophen
325 mg,
Placebo/ no
treatment
Cooper 1989 Parallel United 184 Mean: 22.85 66 Surgical Impacted Ibuprofen 400
group States of (SD=4.72) tooth third mg,
America extraction molars Acetaminophen
1000 mg,
Placebo/ no
treatment
Cooper 1996 Parallel United 97 Mean: 25.01 53 Surgical Impacted Ibuprofen 400
group States of (SD=NR) tooth third molar | mg, Placebo/ no
America extraction of the treatment
lower jaw
Melzack 1985 Parallel Canada 60 Mean: 34.0 NR Surgical Impacted Acetaminophen
group (SD=NR) tooth third 500 mg,
extraction molars Placebo/ no
treatment
Tong 2012 Parallel United 104 Mean: 22.49 59 Surgical Partially or | Ibuprofen
group States of (SD=3.62) tooth completely | 400mg,
America extraction impacted Placebo/ no
third treatment
molars of
the lower
jaw
Daniels 2011 Parallel United 108 Mean: 21.5 59.7 Surgical Partially or | Acetaminophen
group States of (SD=NR) tooth completely | 600 mg/Codeine
America extraction impacted 60 mg, Placebo/
third no treatment
molars of
the lower
jaw
Chang 2004 Parallel United 150 Mean: 22.0 60 Surgical Partially or | Acetaminophen
group States of (SD=NR) tooth completely | 650 mg plus
America extraction impacted Oxycodone 10
third mg, Placebo/ no
molars of treatment
the upper
or lower
jaw
Christensen 2018 Parallel United 80 Mean: 19.43 72 Surgical Partially or | Ibuprofen 400
group States of (SD=2.15) tooth completely | mg, Placebo/ no
America extraction impacted treatment
third
molars of
the lower
jaw
Desjardins 2007 Parallel United 152 Mean: 21.98 65.6 Surgical Partially or | Acetaminophen
group States of (SD=4.06) tooth completely | 650 mg plus
America extraction impacted Oxycodone 10
third mg, Placebo/ no
molars of treatment
the lower
jaw
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Seymour 1999 Parallel United 80 Mean: 25.43 68.29 Surgical Impacted Ibuprofen 400
group Kingdom (SD=5.15) tooth third mg, Placebo/ no
extraction molars treatment
Morrison 1999 Parallel United 101 Mean: 18.25 52.9 Surgical Partially or | Ibuprofen 400
group States of (SD=1.96) tooth completely | mg, Placebo/ no
America extraction impacted treatment
third
molars of
the lower
jaw
Ziccardi 2000 Parallel United 76 Mean: 24.91 67.3 Surgical Partially or | Acetaminophen
group States of (SD=5.56) tooth completely | 600 mg/Codeine
America extraction impacted 60 mg, Placebo/
third no treatment
molars of
the lower
jaw
Moore 1998 Parallel United 57 Range: 18-70 | NR Surgical Impacted Codeine 60mg,
group States of tooth third Placebo/ no
America extraction molars treatment
Cooper 1989 Parallel United 184 Mean: 23.13 66 Surgical Ibuprofen 400,
group States of (SE=0.60) tooth Acetaminophen
America extraction 1000, Placebo/
no treatment
Yue_1 2013 Parallel United 300 Mean: 23.08 56 Surgical Partially or | Fast-Dissolving
group States of (SD=3.79) tooth completely | Acetaminophen
America extraction impacted 1000 mg, Fast-
third Dissolving
molars of Acetaminophen
the lower 500 mg,
jaw Placebo/ no
treatment
Yue 2 2013 Parallel United 401 Mean: 20.4 63 Surgical Partially or | Fast-Dissolving
group States of (SD=2.80) tooth completely | Acetaminophen
America extraction impacted 1000 mg,
third Acetaminophen
molars of 650 mg,
the lower Placebo/ no
jaw treatment
Chang 2001 Parallel United 211 Mean: 20.7 70.6 Surgical Partially or | Acetaminophen
group States of (SD=4.67) tooth completely | 600 mg/Codeine
America extraction impacted 60mg, Placebo/
third no treatment
molars of
the upper
or lower
jaw
Bakshi 1994 Parallel Germany 162 Mean: 27.41 425 Surgical Impacted Ibuprofen 400
group (SD=NR) tooth third mg, Placebo/ no
extraction molars of treatment
the lower
jaw
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Chang 2004 Parallel United 125 Mean: 22.0 54 Surgical Partially or | Acetaminophen
group States of (SD=4.3) tooth completely | 650 mg plus

America extraction impacted Oxycodone 10
third mg, Placebo/ no
molars of treatment
the lower
jaw

Daniels 2009 Parallel United 321 Mean: 21.3 61.3 Surgical Partially or | Ibuprofen/polox
group Kingdom (SD=3.99) tooth completely | amer 400 mg,
extraction impacted Acetaminophen
third 1000 mg,
molars of Sodium
the lower ibuprofen 400
jaw mg, Placebo/ no
treatment
Hersh 1993 Parallel United 100 NR NR Surgical Impacted Ibuprofen 400
group States of tooth third mg, Placebo/ no

America extraction molars treatment

Mehlisch 2010 Parallel United 234 Mean: 20.8 73.13 Surgical Partially or | Ibuprofen
group States of (SD=3.1) tooth completely | 400mg/Acetami

America extraction impacted nophen 1000
third mg, Ibuprofen
molars of 200mg/Acetami
the lower nophen 500 mg,
jaw Ibuprofen

400mg,
Acetaminophen
1000 mg,
Placebo/ no
treatment
Schou 1998 Parallel Denmark 105 Mean: 26.23 46.9 Surgical Impacted Ibuprofen 400
group (SD=6.04) tooth third mg, Placebo/ no
extraction molars of treatment
the lower
jaw
Malmstrom 2006 Parallel United 40 Mean: 23.0 85 Surgical Partially or | Acetaminophen
group States of (SD=4.42) tooth completely | 650 mg plus

America extraction impacted Oxycodone 10
third mg, Placebo ,
molars of Active Placebo
the lower
jaw

Mehlisch 1995 Parallel United 240 Mean: 24.99 64 Surgical Partially or | Ibuprofen 400
group States of (SD=7.33) tooth completely | mg,

America extraction impacted Acetaminophen
third 1000 mg,
molars Placebo/ no

treatment
Kyselovic 2020 Parallel Czech 351 Mean: 28.0 58.9 Surgical Partially or | Ibuprofen
group Republic (SD=7.83) tooth completely | lysinate 400 mg,
extraction impacted Ibuprofen acid
third 400 mg,
molars Placebo/ no
treatment
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Cheung 2007 Parallel United 114 Mean: 21.6 52.6 Surgical Partially or | Ibuprofen 400
group States of (SD=4.6) tooth completely | mg, Placebo/ no
America extraction impacted treatment
third
molars of
the lower
jaw
Kellstein 2020 Parallel United 394 Mean: 18.1 51.1 Surgical Partially or | Ibuprofen
group States of (SD=1.95) tooth completely | 200mg/Acetami
America extraction impacted nophen 500 mg,
third Ibuprofen
molars of 250mg/Acetami
the lower nophen 500 mg,
jaw Ibuprofen
300mg/Acetami
nophen 500 mg,
Ibuprofen 400
mg, Placebo/ no
treatment
Schwartz 2007 Parallel United 31 Mean: 23.0 20 Surgical Impacted Ibuprofen 400
group States of (SD=5.98) tooth third mg, Placebo/ no
America extraction molars treatment
Ahlstrom 1993 Parallel Sweden 62 Mean: 25.33 53.13 Surgical Impacted Ibuprofen 400
group (SD=NR) tooth third mg, Placebo/ no
extraction molars of treatment
the lower
jaw
Fricke 1993 Parallel United 201 Mean: 23.28 65 Surgical Partially or | Ibuprofen 400
group States of (SD=4.91) tooth completely | mg, Naproxen
America extraction impacted Sodium 440mg,
third Placebo/ no
molars of treatment
the lower
jaw
Forbes 1991 Parallel United 76 Mean: 23.37 65 Surgical Impacted Ibuprofen 400
group States of (SD=NR) tooth third mg, Placebo/ no
America extraction molars treatment
Cooper 1991 Parallel United 120 Mean: 23.06 69.23 Surgical Impacted Acetaminophen
group States of (SD=NR) tooth third 600 mg/Codeine
America extraction molars 60mg,
Acetaminophen
650 mg,
Placebo/ no
treatment
VanDyke 2004 Parallel United 311 Mean: 24.44 54.3 Surgical Partially or | Oxycodone 5
group States of (SD=5.22) tooth completely | mg, Ibuprofen
America extraction impacted 400 mg,
third Placebo/ no
molars treatment
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Cooper 1988 Parallel United 107 Mean: 25.1 80.56 Surgical Impacted Acetaminophen
group States of (SD=NR) tooth third 600 mg/Codeine
America extraction molars 60mg,
Acetaminophen
650 mg,
Placebo/ no
treatment
Giglio 1990 Parallel United 79 Mean: 22.7 84.61 Surgical Impacted Codeine 60mg,
group States of (SD=NR) tooth third Placebo/ no
America extraction molars treatment
Forbes 1990 Parallel United 140 Mean: 22.88 59 Surgical Impacted Ibuprofen 400
group States of (SD=NR) tooth third mg,
America extraction molars Acetaminophen
600 mg,
Acetaminophen
600 mg/Codeine
60 mg, Placebo/
no treatment
Chang 2005 Parallel United 210 Mean: 18.87 55 Surgical Partially or | Acetaminophen
group States of (SD=3.89) tooth completely | 600 mg/Codeine
America extraction impacted 60 mg, Placebo/
third no treatment
molars of
the lower
jaw
Moller 2000 Parallel Denmark 242 Mean: 25.07 55 Surgical Impacted Acetaminophen
group (SD=3.8) tooth third Effervescent
extraction molars of 1000mg,
the lower Acetaminophen
jaw Tablet 1000mg,
Effervescent
Placebo, Tablet
Placebo
Black 2002 Parallel United 298 Mean: 21.43 55.56 Surgical Impacted Ibuprofen
group States of (SD=NR) tooth third Arginate
America extraction molars of 400mg,
the upper Ibuprofen
and lower 400mg,
jaw Placebo/ no
treatment
McQuay 1996 Parallel United 41 Mean: 13.50 54.55 Surgical Impacted Ibuprofen
group Kingdom (SD=2.64) tooth third 400mg,
extraction molars of Placebo/ no
the lower treatment
jaw
Bentley 1987 Parallel Canada 79 Mean: 24.61 56.09 Surgical Impacted Acetaminophen
group (SD=9.55) tooth third 1000 mg,
extraction molars Codeine 60 mg,
Placebo/ no
treatment
Skoglund 1991 Parallel Norway 65 Mean: 24.55 50 Surgical Impacted Acetaminophen
group (SD=6.79) tooth third 1000mg,
extraction molars Placebo/ no
treatment
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Malmstrom 2005 Parallel United 202 Mean: 23.08 64 Surgical Partially or | Acetaminophen
group States of (SD=5.71) tooth completely | 650 mg plus
America extraction impacted Oxycodone 10
third mg,
molars of Acetaminophen
the lower 600 mg/Codeine
jaw 60mg, Placebo/
no treatment
Searle_1 2020 Parallel United 393 Mean: 19.38 59.3 Surgical Partially or | Fixed-dose
group States of (SD=2.12) tooth completely | Ibuprofen 250
America extraction impacted mg/Acetaminop
third hen 500 mg,
molars of Acetaminophen
the lower 650 mg,
jaw Placebo/ no
treatment
Searle_2 2020 Parallel United 123 Mean: 21.8 54.9 Surgical Partially or | Fixed-dose
group States of (SD=3.82) tooth completely | Ibuprofen 250
America extraction impacted mg/Acetaminop
third hen 500 mg,
molars of Placebo/ no
the lower treatment
jaw
Malmstrom 1999 Parallel United 91 Mean: 23.0 70 Surgical Partially or | Ibuprofen 400
group States of (SD=4.2) tooth completely | mg, Placebo/ no
America extraction impacted treatment
third
molars of
the lower
jaw
Mehlisch 1984 Parallel United 113 Mean: 29.77 55.17 Surgical Partially or | Acetaminophen
group States of (SD=NR) tooth completely | 1000 mg,
America extraction impacted Placebo/ no
third treatment
molars
Cooper 1982 Parallel United 125 Mean: 23.55 63.41 Surgical Impacted Codeine 60 mg,
group States of (SD=NR) tooth third Ibuprofen 400
America extraction molars mg, Placebo/ no
treatment
Jain 1986 Parallel United 96 Mean: 23 53.06 Surgical Impacted Ibuprofen 400
group States of (SD=4.95) tooth third mg, Placebo/ no
America extraction molars treatment
Dionne 1994 Parallel United 76 Mean: 29.08 48.15 Surgical Impacted Acetaminophen
group States of (SD=NR) tooth third 650 mg,
America extraction molars Acetaminophen
650 mg/Codeine
60 mg, Placebo/
no treatment
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Hersh 1993 Parallel United 44 Mean: 29.46 18.75 Surgical Partially or | Codeine 60 mg,
group States of (SD=NR) tooth completely | Ibuprofen 400
America extraction impacted mg, Placebo
third
molars
Olson 2001 Parallel Puerto 172 Mean: 22.66 68.7 Surgical Impacted Ibuprofen
group Rico (SD=NR) tooth third Liquigel 400
extraction molars mg,
Acetaminophen
1000 mg,
Placebo/ no
treatment
Seymour 1998 Parallel United 146 Mean: 25.0 47.37 Surgical Impacted Ibuprofen 400
group Kingdom (SD=2.84) tooth third mg, Placebo/ no
extraction molars treatment
Sunshine 1986 Parallel Puerto 91 Mean: 22.36 80 Surgical Impacted Acetaminophen
group Rico (SD=NR) tooth third 650 mg,
extraction molars Acetaminophen
650
mm/Codeine 60
mg, Placebo/ no
treatment
Hersh 2000 Parallel United 149 Mean: 23.21 69.5 Surgical Partially or | Ibuprofen
group States of (SD=4.55) tooth completely | Liquigel 400
America extraction impacted mg,
third Acetaminophen
molars of 1000 mg,
the lower Placebo/ no
jaw treatment
Forbes 1990 Parallel United 59 Mean: 22.00 74 Surgical Impacted Acetaminophen
group States of (SD=NR) tooth third 600 mg/Codeine
America extraction molars 60 mg, Placebo/
no treatment
Akural 2009 Parallel Finland 38 Mean: 24.0 61 Surgical Impacted Acetaminophen
group (SD=2.43) tooth third 1000 mg,
extraction molars Placebo/ no
treatment
Desjardins 1984 Parallel United 80 Range: 18-68 | NR Surgical Impacted Codeine 60 mg,
group States of tooth third Placebo/ no
America extraction molars treatment
Moore 1987 Parallel United 63 Mean: 24.12 48.48 Surgical Partially or | Codeine 60 mg,
group States of (SD=NR) tooth completely | Placebo/ no
America extraction impacted treatment
third
molars of
the lower
jaw
Quiding 1984 Parallel Finland 92 Mean: 26.32 NR Surgical Partially or | Codeine 60 mg,
group (SD=5.26) tooth completely | Acetaminophen
extraction impacted 500 mg,
third Acetaminophen
molars 1000 mg
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Squires 1981 Parallel Canada 61 Mean: 28.14 NR Surgical Impacted Ibuprofen 400
group (SD=10.12) tooth third mg, Placebo/ no
extraction molars treatment
Daniels 2018 Parallel New 296 Mean: 24.97 62.73 Surgical Impacted Ibuprofen
group Zealand & (SD=NR) tooth third 292.5mg/Aceta
United extraction molars minophen
States of 975mg,
America Acetaminophen
975mg,
Placebo/ no
treatment

Risk of bias in included studies

Appendix Table 4 to 9 present the assessment of risk of bias of the included RCTs for
each outcome. The domains in which most of the RCTs were judged at high risk of
bias were missing outcome data and selection of reported results. Overall, 9 of 85 RCTs

were judged at low or probably low risk of bias.

Effects of the interventions

Table 2 presents a summary of the effects of interventions on pain outcomes. Appendix
Tables 10 and 11 summarize the effect of the interventions on adverse effects.
Appendix Figures 1 to 21.6 and Appendix Tables 12 to 28 include network plots and
forest plots of pairwise meta-analyses for all outcomes, as well as detailed relative and
absolute effect estimates from the NMAs and the certainty of evidence for all

comparisons and outcomes. All 85 RCTs were included in at least 1 of the 5 NMAs.
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Table 2. Summary of benefit outcomes compared with placebo (no treatment).

TOTPAR

SPID (Summed

Global

mg

plus Hydrocodone 5

Pain relief (Total Pain Pain Intensity  |Efficacy i;sa(iu:sia
Relief) Difference) Rating g
Time point 6 hours 6 hours 6 hours 6 hours 6 hours
Scal 0 (none)—4  [(0-24)- higher |18 points- 0 (poor) —4
cale (complete) ¢ |better ¢ higher better © |(excellent) ©

Thresholds -0.4,0.4 24,24 -18,1.8 -0.4,0.4 -8, 8
Placebo® 0.62 4.1 0.345 0.69 80 per 100
Ibuprofen 200-400
mg plus
Acetaminophen 500- 4.41 (5.78 to -55.60 (-70.27
1,000 mg 3.04) - to -31.22)
Oxycodone 5 mg or  [(URLINEIXI[RTe 0 o 0.78 (0.02 to
Codeine 60 mg 0.25)° 09)°
Acetaminophen 650
mg plus Oxycodone -45.18 (-62.93
10 mg to -22.10)
Ibuprofen 400 mg 1.47 (1.27 to
(fast acting or acid) 1.68)
Tramadol 37.5 mg
plus Acetaminophen [(IXUNERZETY
325 mg 0.36)° - - - -
Acetaminophen 500- 4.20(3.30to [2.95(2.31 to 0.85 (0.65 to |-24.00 (-32.02
1,000 mg 5.09) 3.60) 1.06) to -16.30)
Acetaminophen 600-
650 mg plus Codeine 5.03 (4.04to |2.92 (2.32to 0.98 (0.72to |-21.20 (-32.13
60 mg 6.03) 3.53)° 1.25) to -11.10)°
Naproxen 400-440 5.27 (3.50 to -51.49 (-64.71
mg 7.03)° - to -33.31)
Ibuprofen 200 mg

300-325 mg

Hydrocodone 5 mg
plus Acetaminophen

a The expected risk of each outcome with placebo is reported in the grey row. Numbers in the coloured
cells are the estimated mean differences (95% CI) or risk differences (95% CI) per 100 patients when

compared to placebo.

b The best estimate of effect was obtained from direct evidence.
Empty cells: there was no evidence for the specific intervention.
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TOTPAR: total pain relief, SPID: sum of pain intensity differences

¢ We used this scale range as it was the most reported scale for this outcome among the included studies.
d The range of possible scores ranged from 0 to 24.

e The range of possible scores ranged from -6 to 12, a total length of 18 points.

Legend
BENEFIT OUTCOMES
High/Moderate Low/Very low
certainty evidence certainty evidence
May be better than
AMONG THE BEST placebo and some
alternatives
Better than placebo, 1\/1[:3,622 b;;errlghan
INTERMEDIATE but no better than any |? 0
. better than any
alternatives .
alternatives
AMONG THE WORST 0 better tha May be no better
ebo than placebo

Pain relief

Fifty-six studies including 9,095 participants were included in the NMA for pain relief.
Using a scale from 0 to 4, where higher scores represent more pain relief, the
interventions classified as among the most effective for this outcome were (effect
estimates in reference to placebo) as follows: ibuprofen 200 to 400 mg plus
acetaminophen 500 to 1,000 mg (MD, 1.68; 95% 95% CI, 1.06—2.31; moderate
certainty), acetaminophen 650 mg plus oxycodone 10mg (MD, 1.19; 95% CI,
0.85—1.54; moderate certainty), and ibuprofen 400 mg (fast acting or acid) (MD, 1.31;
95% CI, 1.17—1.45; moderate certainty). There was no convincing evidence that any

of the other interventions were different from placebo for this outcome.
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TOTPAR

Forty-four studies including 7,282 participants were included in the NMA for
TOTPAR. Using a scale from 0 to 24, where higher scores represent more total pain
relief, the interventions classified as among the most effective for this outcome were
(effect estimates in reference to placebo) as follows: ibuprofen 200 to 400 mg plus
acetaminophen 500 to 1,000 mg (MD, 11.07; 95% CI, 8.23—13.9; moderate certainty),
acetaminophen 650 mg plus oxycodone 10mg (MD, 7.91; 95% CI, 6.49-9.32;
moderate certainty), ibuprofen 400 mg (fast acting or acid) (MD, 8.65; 95% CI,
7.82-9.48; moderate certainty), and naproxen 400 to 440 mg (MD, 8.47; 95% CI,
6.15—10.79; moderate certainty). Interventions that were more effective than placebo
but less effective than the interventions above were acetaminophen 500 to 1,000 mg
(MD, 4.20; 95% CI, 3.30—5.09; moderate certainty) and acetaminophen 600 to 650 mg
plus codeine 60 mg (MD, 5.03; 95% CI, 4.04—6.03; moderate certainty). Oxycodone

5 mg and codeine 60 mg were not more effective than placebo.

SPID

Thirty-one studies including 6,721 participants reported on SPID. Using an 18-point
scale, where higher scores represent better outcomes, the interventions classified as the
most effective were (effect estimates in reference to placebo) as follows:

acetaminophen 650 mg plus oxycodone 10mg (MD, 5.54; 95% CI, 5.26—6.02;
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moderate certainty) and ibuprofen 400 mg (fast acting or acid) (MD, 5.58; 95% CI,
4.85—6.31; moderate certainty). Acetaminophen 500 to 1,000 mg (MD, 2.95; 95% CI,
2.31-3.60; moderate certainty), acetaminophen 600 to 650 mg plus codeine 60 mg
(MD, 2.92; 95% CI, 2.32—3.53; moderate certainty), and naproxen 400 to 440 mg (MD,
5.27; 95% CI, 3.50-7.03; moderate certainty) were better than placebo but less
effective than the interventions above. Ibuprofen 200 to 400 mg plus acetaminophen
500 to 1,000 mg (MD, 4.41; 95% CI, 5.78-3.04; low certainty) were classified as
possibly better than placebo. Oxycodone 5 mg and codeine 60 mg were not more

effective than placebo.

Global efficacy rating, rescue analgesia, and adverse effects are reported in

the Appendix.

DISCUSSION

This SR and NMA summarizes the comparative effects of the analgesic drugs
considered by the guideline panel when making recommendations for treating dental
acute pain. Based on moderate- and high-certainty evidence, in individuals undergoing
surgical tooth extractions, the interventions classified as the most effective for pain
relief were ibuprofen 200 to 400mg plus acetaminophen 500 to 1,000 mg,
acetaminophen 650 mg plus oxycodone 10 mg, ibuprofen 400 mg, and naproxen 400

to 440mg. Oxycodone 5mg or codeine 60mg and tramadol 37.5mg plus

43



Ph.D. Thesis — Anna Miroshnychenko; McMaster University — Health Research
Methodology

acetaminophen 325 mg were no better than placebo. The results for TOTPAR, SPID,
global efficacy rating, and rescue analgesia were similar to pain relief. Based on low-
and very low-certainty evidence, most interventions were classified as no more harmful

than placebo for most adverse effects.

Evidence for ibuprofen 200 mg plus hydrocodone 5 mg and hydrocodone 5 mg plus
acetaminophen 300 to 325 mg (i.e., Vicodin) was not available. A comprehensive
national survey conducted in the United States showed that hydrocodone and
acetaminophen combinations (i.e., Vicodin, Vicodin ES, Vicodin HP) are the most
preferred combination of analgesics prescribed by oral and maxillofacial surgeons for
the management of pain following third molar extractions [18]. Future research should
focus on exploring the comparative effect of hydrocodone and acetaminophen
formulations. Furthermore, evidence regarding the effect of the 10 selected analgesics
on the temporary management of symptomatic pulpitis or its complications prior to

dental treatment was not found.

A recent overview of SRs summarizing benefits and harms of analgesic agents for the
management of acute dental pain concluded that “relief of postoperative pain in dental
practice with the use of nonsteroidal anti-inflammatory drugs, with or without
acetaminophen, is equal or superior to that provided by opioid-containing medications”
[19]. This finding is similar to the finding of this SR and NMA that, except for

acetaminophen 650 mg plus oxycodone 10mg, NSAIDs with or without
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acetaminophen were superior to placebo as opposed to opioid-containing interventions
that were not. Furthermore, similar to this NMA, the overview of SRs suggested that
opioid analgesics and their combinations are associated with higher rates of acute

adverse events [19].

Another overview of SRs aiming to summarize the efficacy of analgesics for acute
dental pain in adults investigated 41 single-dose analgesics or analgesic combinations
for acute postoperative pain and showed that the best interventions in terms of number
needed to treat (NNT) for at least 50% maximum pain relief over 4 to 6 h compared
with placebo were ibuprofen 200 mg plus acetaminophen 500 mg, ibuprofen 200 mg,
ibuprofen 200 mg plus caffeine 100 mg, diclofenac potassium 50 mg, and etoricoxib
120 mg [20]. The worst intervention was codeine 60 mg [20]. These results were
comparable to the results of this SR and NMA, specifically the superiority of ibuprofen
plus acetaminophen and ibuprofen alone and inferiority of codeine 60 mg compared to

placebo.

An overview of SRs summarizing adverse event rates associated with 41 single-dose
oral analgesics or analgesic combinations compared with placebo for acute
postoperative pain in adults showed that there were few instances of participants
experiencing significantly more or fewer adverse events than with placebo for most
NSAIDs, acetaminophen, and combinations not containing opioids [21]. However, for

aspirin 1,000 mg, diflunisal 1,000 mg, opioids, or fixed-dose combination drugs
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containing opioids, participants often experienced significantly more adverse effects
than with placebo. In this SR and NMA, most included opioid-containing interventions
(oxycodone 5 mg and codeine 60 mg, acetaminophen 650 mg plus oxycodone 10 mg,
and acetaminophen 600—650 mg plus codeine 60 mg) were worse than placebo in terms
of at least 1 adverse effect. Ibuprofen 400 and acetaminophen 500 to 1,000 mg were

worse than placebo in terms of drowsiness.

Several differences between this SR and NMA and review of reviews by P.A. Moore
et al. [19] and R.A. Moore et al. [20-22] may have contributed to the differences in
conclusions between these reviews. In this SR and NMA, data from individual RCTs
were included in a single NMA that comprised the results, whereas in the overviews of
SRs, results from multiple analyses were aggregated to constitute the results. In terms
of pain relief, P.A. Moore et al. and R.A. Moore et al. [20-22] reported NNT for at
least 50% pain relief, whereas this SR and NMA reported mean pain relief measured
on a scale from 0 (none) to 4 (complete) at 6 h. The variability in inclusion of
interventions may have contributed to the differences in the conclusions between these

publications.

Furthermore, in this SR and NMA, a modification of the Cochrane tool for assessing
risk of bias (RoB 2.0) was used to examine risk of bias in individual RCTs, whereas
the overviews of SRs by P.A. Moore et al. [19] and R.A. Moore et al. [20-22] did not

mention risk of bias assessment. The quality of the evidence using the GRADE
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approach was assessed in this SR, but it was not addressed in the overviews by P.A.

Moore et al. [19]and R.A. Moore et al. [20-22].

Strengths of the review process

This review is the first to synthesize NMAs for comparison of analgesics for treatment
of acute dental pain associated with postsurgical extractions, allowing for streamlined
clinical decision-making. Each of the review process stages was conducted in
duplicate, with adjudication of conflicts by a third reviewer. The risk of bias of each
individual study, as well as the certainty of the evidence for each outcome of interest,
was assessed. We performed analyses and interpreted the results using the latest
methodological guidance from the GRADE Working Group. In order to make the
results easier to interpret, instead of using standardized mean difference, we reported
continuous outcomes using mean difference by converting all scale scores to the most

reported scale [8].

Limitations of the review process

This SR and NMA was limited to inclusion of only 10 interventions, which may limit
its applicability. These 10 interventions, however, were chosen by a panel of clinical
experts who determined that they were the most relevant to practice. Furthermore, this
SR and NMA included only peer-reviewed studies published in English, but this likely

did not affect the study conclusions.
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CONCLUSION

Based on moderate- and high-certainty evidence, in individuals undergoing surgical
tooth extractions, the interventions classified as the most effective for pain relief were
ibuprofen 200 to 400 mg plus acetaminophen 500 to 1,000 mg, acetaminophen 650 mg
plus oxycodone 10 mg, ibuprofen 400 mg, and naproxen 400-440 mg. Oxycodone
5mg or codeine 60 mg and tramadol 37.5 mg plus acetaminophen 325 mg were no
better than placebo. The results for TOTPAR, SPID, global efficacy rating, and rescue
analgesia were similar to pain relief. Based on low- and very low-certainty evidence,
most interventions were classified as no more harmful than placebo for most selected
adverse effects. Future research should focus on the assessment of ibuprofen 200 mg
plus hydrocodone 5 mg, hydrocodone 5 mg plus acetaminophen 300 to 325 mg, and

tramadol 37.5 mg plus acetaminophen 325 mg through RCTs.
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ABSTRACT

Objective: Corticosteroids are used to manage pain after surgical tooth extractions.
The authors assessed the effect of corticosteroids on acute postoperative pain in

patients undergoing surgical tooth extractions of mandibular third molars.

Methods: The authors conducted a systematic review and meta-analysis. The authors
searched the Epistemonikos database, including MEDLINE, Embase, Cochrane
Central Register of Controlled Trials, and the US clinical trials registry
(ClinicalTrials.gov) from inception until April 2023. Pairs of reviewers independently
screened titles and abstracts, then full texts of trials were identified as potentially
eligible. After duplicate data abstraction, the authors conducted random-effects meta-
analyses. Risk of bias was assessed using Version 2 of the Cochrane Risk of Bias tool
and certainty of the evidence was determined using the Grading of Recommendations

Assessment, Development and Evaluation approach.

Results: Forty randomized controlled trials proved eligible. The evidence suggested
that corticosteroids compared with a placebo provided a trivial reduction in pain
intensity measured 6 hours (mean difference, 8.79 points lower; 95% CI, 14.8 to 2.77
points lower; low certainty) and 24 hours after surgical tooth extraction (mean
difference, 8.89 points lower; 95% CI, 10.71 to 7.06 points lower; very low certainty).
The authors found no important difference between corticosteroids and a placebo with

regard to incidence of postoperative infection (risk difference, 0%; 95% CI, —1% to
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1%; low certainty) and alveolar osteitis (risk difference, 0%; 95% CI, —3% to 4%; very

low certainty).

Conclusion: Low and very low certainty evidence suggests that there is a trivial
difference in postoperative pain intensity and postoperative infection when
corticosteroids administered orally, submucosally, or intramuscularly are compared

with placebo in patients undergoing third-molar extractions.
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INTRODUCTION

Surgical removal of impacted mandibular third molars is 1 of the most frequently
performed surgical interventions in dental surgery, with more than 10 million teeth
extracted per year [1]. The most common complications, including pain, swelling, and
trismus, can severely affect a patient’s quality of life during the immediate
postoperative  period. Analgesics and anti-inflammatory drugs prescribed
postoperatively should relieve pain, reduce swelling and trismus, and improve healing
without undesirable adverse effects. Therefore, medications that exert both analgesic
and anti-inflammatory effects, such as corticosteroids, could be used for the

management of postoperative discomfort.

Corticosteroids can be divided into 2 major groups, that is, glucocorticoids and
mineralocorticoids. Glucocorticoids are used for the management of postoperative
complications after surgical tooth extraction because of their substantial anti-
inflammatory effects [2]. The term corticosteroids will be used to represent

glucocorticoids in our review.

Corticosteroids are classified according to their duration of action and relative anti-
inflammatory potency compared with hydrocortisone, a reference standard with a
potency of 1. The higher the relative potency anti-inflammatory score, the higher the
corticosteroid’s anti-inflammatory potency. Short-acting glucocorticoids include

cortisol and cortisone, with a duration of action of fewer than 12 hours and anti-
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inflammatory potency of 1 [3]. Intermediate-acting corticosteroids include prednisone
and prednisolone, with an anti-inflammatory potency of 4, and 6-methylprednisolone
and triamcinolone, which both have an anti-inflammatory potency of 5. Intermediate
corticosteroids have a duration of action of 12 through 36 hours. The long-acting
glucocorticoids include dexamethasone, with a duration of action of more than 36 hours
and anti-inflammatory potency of 25 [3]. The administration of corticosteroids in

dentistry typically varies among oral, intramuscular, and submucosal routes.

Available systematic reviews (SRs) to inform the effect of corticosteroids for managing
postoperative acute pain consecutive to surgical tooth extractions have several
limitations. Almost all were published before 2018 [4-7], with only 1 published in 2020
[8]. They did not use the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) [9] approach to assess the certainty of the evidence—an essential
component of SRs and a key step to inform the formulation of guideline
recommendations—and they applied suboptimal methods to synthesize pain-related

outcomes.

The purpose of our SR was to determine the effect of corticosteroids administered
orally, submucosally, or intramuscularly on the management of pain subsequent to
surgical tooth extraction, including impacted mandibular third-molar extractions. Our
review informed the clinical questions posed by the forthcoming evidence-based
clinical practice guideline for the pharmacologic management of acute dental pain

consecutive to tooth extractions (A. Carrasco-Labra D.E. Polk, O. Urquhart, and
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colleagues, unpublished data, 2023). This review and associated clinical practice
guidelines were led by the American Dental Association Science and Research
Institute, the School of Dental Medicine at the University of Pittsburgh, the Center for
Integrative Global Oral Health at the University of Pennsylvania, and a guideline panel
including primary care dentists, oral and maxillofacial surgeons, public health
practitioners, pharmacoepidemiologists, biostatisticians, and health research

methodologists, among others.

METHODS

This article follows the guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement [10] (Appendix Table 1). We also followed
established methodological considerations defined for evidence synthesis and
guideline development, used eligibility criteria determined per the recommendation
questions that the guideline panel proposed, and used information outlined in the
National Academy of Medicine’s Framing Opioid Prescribing Guidelines for Acute

Pain: Developing the Evidence [11].

Eligibility criteria

We included randomized controlled trials (RCTs) that compared the effect of
corticosteroids administered orally, submucosally, or intramuscularly at any dose with
that of a placebo in adolescent, adult, or older adult participants undergoing surgical

(that is, extraction of a tooth with the need of a flap and osteotomy) third-molar
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extraction, regardless of the language of publication. We included the following
continuous outcomes: pain intensity at 6 hours, pain at 24 hours, total pain relief at 6
hours, and global efficacy rating at 6 hours. We included the following dichotomous
outcome: adverse effects (for example, postoperative surgical site infection, alveolar
osteitis, mood alteration, and gastrointestinal [GI] adverse effect at any time). We
excluded studies that administered corticosteroids intravenously and studies that only
reported outcomes associated with the management of inflammatory complications

(that is, trismus, facial swelling, or infection).

Search methods to identify and select studies

We performed the evidence search in 2 steps. First, we conducted searches in the
Epistemonikos database, a comprehensive mate-search engine and updated source of
relevant SRs and primary studies to inform health decision making. Using artificial
intelligence technology, Epistemonikos periodically screens across the following
databases: Cochrane Database of Systematic Reviews, PubMed, MEDLINE, Embase,
Cumulative Index to Nursing and Allied Health Literature, PsycINFO, Latin American
and Caribbean Health Sciences Literature, Database of Abstracts of Reviews of Effects,
Health Technology Assessment Database, Campbell Collection online library, Joanna
Briggs Institute Database of Systematic Reviews and Implementation Reports,
Evidence for Policy and Practice Centre Evidence Library, and the US clinical trials

registry (ClinicalTrials.gov) [12]. Our search strategy included a combination of free
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and controlled key words. These terms include specific key words to represent the

concepts of surgical extraction, third molars, and corticosteroids (Appendix Table 2).

In addition, we used the Living Overview of Evidence (L-OVE) platform
(Epistemonikos Foundation), which maps the question of interest to a repository
maintained through additional searches on PubMed, Embase, and Cochrane Central
Register of Controlled Trials. We searched L-OVE for third-molar-related literature
without restriction according to study design, language, or publication status. The
search covered the period from the inception date of each database through April 2023
and had no language restrictions. The results of the searches in each source were
deduplicated by means of an algorithm that compares unique identifiers (that is,
database identification, digital object identifier, and trial registry identification) and
citation details (that is, author names, journal, year of publication, volume, number,

pages, article title, and article abstract).

Pairs of reviewers (A.M., M.A., Y.R., J.P.D.M., D.T., L.H., F.V.-P.) independently
evaluated the titles, abstracts, and full text of potentially eligible studies across all

databases. When eligibility consensus was elusive, a third reviewer served as arbiter

(R.B.-P., A.C.-L.).

Data collection

After training and calibration exercises, pairs of reviewers independently extracted data

for each eligible trial using a standardized, pilot-tested data extraction form. We
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collected information on trial characteristics (for example, intervention, comparison,
and co-interventions), patient characteristics (for example, age, sex, country, and type
of extraction), and outcomes of interest. Reviewers resolved discrepancies by means

of discussion, and, when necessary, a third reviewer served as arbiter.

Risk of bias in studies

After training and calibration exercises, pairs of reviewers used Version 2 of the
Cochrane Risk of Bias tool for each eligible trial and outcome to assess the risk of bias
in RCTs, rating trials as being at low risk of bias, probably at low risk of bias, probably
at high risk of bias, or at high risk of bias across the domains of bias arising from the
randomization process, bias due to deviations from the intended intervention, bias due
to missing data, bias due to measurement of the outcome, and bias in selection of the
reported results [13]. We rated trials as high risk of bias overall if 1 or more domains
were rated as probably high risk of bias or at high risk of bias, and we rated trials as
low risk of bias overall if all domains were rated as probably at low risk of bias or at
low risk of bias. Reviewers resolved discrepancies by means of discussion and, when

necessary, a third reviewer served as arbiter.

Data synthesis

For dichotomous outcomes, we summarized the effect of interventions using odds
ratios. When the incidence of the outcome was low across studies (that is, there were

no events in several study groups), we used the risk difference. For continuous
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outcomes, we used the mean difference. When studies reported the same outcome using
a scale with a different range, we converted the data to the most reported scale before
conducting analyses. In addition, we calculated 95% ClIs around all of these estimates
and created forest plots (in which the black diamond represents the pooled estimate
across studies). In instances when the SD was not reported, we calculated SDs using
SE, CIs, means, and sample sizes. In rare cases when none of these statistics were
reported, we imputed the SD by means of averaging the SDs of 3 studies with similar
means. We conducted random-effects meta-analyses using Review Manager

(Cochrane) software.

Certainty of the evidence

We assessed the certainty of the evidence using the GRADE approach [9]. Two
methodologists (F.V.-P., A.C.-L.) formally trained in using GRADE rated each domain
for each comparison and outcome independently, resolving discrepancies by means of
discussion. We rated the certainty as high, moderate, low, or very low, taking into
consideration risk of bias, inconsistency, indirectness, publication bias, and
imprecision. We used a minimally contextualized approach with a null effect threshold
to rate the certainty that there is a benefit or harm [14]. When the point estimate was
close to the null effect, we rated our certainty as having a trivial effect (that is, no
important difference) using a threshold of 10% of the baseline risk of dichotomous
outcomes and 10% of the scale range for continuous outcomes [15]. For dichotomous

outcomes, we calculated absolute estimates of effect using the mean baseline risk
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across trials. We created GRADE summary of findings tables using GRADEpro

software (McMaster University and Evidence Prime).

Subgroup analyses

We performed 2 subgroup analyses to determine the extent to which treatment effects
vary according to the type of corticosteroid (for example, dexamethasone,
methylprednisolone, prednisolone, and triamcinolone acetonide) and routes of

administration (oral, intramuscular, submucosal) compared with a placebo.

RESULTS

The search of the Epistemonikos database initially identified a total of 44 search results.
Titles and abstracts of all SRs were screened for our inclusion criteria, and 19 SRs
proved relevant. These SRs included a total of 79 RCTs (reported in 81 references)
comparing the use of corticosteroids with a placebo for patients undergoing surgical
third-molar extractions. All identified RCTs were entered into our database. The
following link provides access to the interactive version of the matrix of evidence that
we built, as described above (corticosteroids vs a placebo for patients undergoing third-
molar

extractions: http://www.epistemonikos.org/matrixes/60cfb16e7aaac86eee79456¢).

After removal of duplicates, the search in the L-OVE platform for “corticosteroids”

and “third molar” yielded 240 records to screen at the title and abstract stage. Then,
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103 of those records (108 references) were potentially eligible, and their full texts were
evaluated. Finally, 40 RCTs (64 references) were included [16-55]. The complete study
selection process, including the reasons for excluding studies at the time of the full-text
review, is summarized in a Preferred Reporting Items for Systematic Reviews and

Meta-Analyses flowchart (Figure 1).

Figure 1. Study identification and selection flow chart.

240
Records identified in the
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Most RCTs were parallel group in design (88%), with the number of participants

ranging from 30 through 450. Mean (SD) age of participants across studies ranged from

18 (not reported) to 31.42 (11.76) years. All populations across included studies

underwent surgical extraction of the impacted third molars (Table 1).

Table 1. Characteristics of the included studies examining corticosteroids.

Age (years) Gender
Number of
Study ID Stu'dy Country participants Type ‘.)f Interventions
design . extraction
randomized Mean/Range Female
(SD/SE) (%)
tSurtghl cal Methylprednisolone
. . Parallel Bosnia and oot 32 mg + Meloxicam
Selimovic_2017 . 40 Range: 18-45 | NR extraction
group Herzegovina (impacted 15 mg -(oral),
third molar) Meloxicam 15 mg
tSOL:)rtghl cal Dexamethasone 4mg
Gopinath 2017 Parallel India 80 NR NR extraction (submucosal),
group (impacted No treatment
. (placebo)
third molar)
Dexamethasone 4
Ghensi_2017A Ef t(rs;‘aﬁ:;fsal)’
tSurtghical (placebo)
. 00
Parallel Italy 80 1(\5;;127 21; 46.25 extraction
£ ’ (li:?qgaaeld ) Dexamethasone 4
third molar ;
. mg + Bromelain 40
Ghensi 2017B mg (submucosal),
Bromelain 40 mg
tSOL:)rtghl cal Dexamethasone 8
Gozali_2017 Split Thailand 96 Range: 18-30 | 60.42 extraction mg (submucosal),
- mouth (impacted No treatment
third molar) (placebo)
tSOL:)rtghl cal Methylprednisolone
. ) + -
Prashar 2016 Parallel India 30 Mean: 26.5 NR extraction 8 mg + Diclofenac
group (NR) (impacted SQ mg (oral),
third molar) Diclofenac 50 mg
Surgical Dexamethasone 4
Zerener 2015A | Farallel | p ey 78 Mean: 22.6 48.72 tooth mg (submucosal),
group (SD=6.3) extraction No treatment

(placebo)
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(impacted Triamcinolone
third molar) | acetonide 4 mg
Zerener 2015B (submucosal),
No treatment
(placebo)
Surgical Dexamethasone 2
. tooth mL of 4 mg/mL
Deo_2016_1 P;l:;llel Nepal 40 I(\é[gili\]%'% 36.67 extraction (submucosal),
group (impacted No treatment
third molar) | (placebo)
Surgical Dexamethasone 2
Parallel tooth ) mL of 4 mg/mL
Deo_2016_2 group Nepal 40 Range: 20-41 | NR extraction (submucosal),
(impacted No treatment
third molar) | (placebo)
Prednisolone 40 mg
Ibikunle 2016A (oral),
- Surgical No treatment
tooth (placebo)
Parallel N Mean:28.1 .
Nigeria 191 . 62.9 extraction
group (SD=7.4) (impacted
third molar) Prednisolone 40 mg
Ibikunle_2016B (submucosal),
- No treatment
(placebo)
Methylprednisolone
20 mg
Larsen_ 2021A (intramuscular),
No treatment
(placebo)
Surgical Methylprednisolone
. . tooth 30 mg
Larsen_2021B Split Denmark 104 Meail' 25.92 69.23 extraction (Intramuscular),
mouth (SD=5.99) .
(impacted No treatment
third molar) | (placebo)
Methylprednisolone
40 mg
Larsen_2021C (intramuscular),
No treatment
(placebo)
Methylprednisolone
40 mg
Gholami_ (intramuscular -
2021A masseter),
Surgical No treatment
Parallel Mean: 26.83 tooth . (placebo)
group Iran 60 (SD=4.19) 51.67 e?(tractlon .
(impacted Methylprednisolone
third molar) | 40 mg
Gholami_ (intramuscular -
2021B gluteal),
No treatment
(placebo)
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tSOL:)rtghl cal Dexamethasone
Imon_2021 Parallel Bangladesh 294 MeaE: 25 449 extraction tapering dose (oral),
- group (SD=NR) . No treatment
(impacted (placebo)
third molar) p
Methylprednisolone
20 mg
Larsen_2020A (intramuscular),
No treatment
(placebo)
Surgical Methylprednisolone
. . tooth 30 mg
Larsen_2020B Split Denmark 104 Meail' 25.92 69.23 extraction (intramuscular),
- mouth (SD=5.99) .
(impacted No treatment
third molar) | (placebo)
Methylprednisolone
40 mg
Larsen_2020C (intramuscular),
No treatment
(placebo)
tSOL:)rtghl cal Dexamethasone 8
Pansard 2020 Parallel Brazil 114 MeaF: 3143 65.59 extraction mg (oral),
- group (SD=11.76) . No treatment
(impacted (placebo)
third molar) P
Dexamethasone 8
Chugh_2018A mg (submucosal),
Surgical No treatment
tooth (placebo)
Parallel . Mean: 29.79 .
rou India 60 (SD=8.37) 36.67 extraction
group : (impacted Methylprednisolone
thi 1
Chugh_2018B ird molar) | 40 mg (submucosal),
B No treatment
(placebo)
Dexamethasone 4
mg/mL
. preoperatively
Mojsa_2017A (submucosal),
Surgical No treatment
tooth (placebo)
P;léillel Poland 60 Range: 18-42 | 64.44 extraction
group (impacted Dexamethasone 4
third molar) | mg/mL
Mojsa 20178 postoperatively
(submucosal),
No treatment
(placebo)
Surgical Dexamethasone 4
Bhargava 2014 | Parallel tooth mg/mL
A gava_ ¢ India 40 NR NR extraction (submucosal),
group (impacted No treatment
third molar) | (placebo)
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Bhargava 2014
B

Bhargava 2014
C

Dexamethasone 4
mg/mL
(intramuscular),
No treatment
(placebo)

Dexamethasone 4
mg (oral),

No treatment
(placebo)

Dexamethasone 2
mg preoperatively

Afkan_2018A , and2mg
- Surgical postoperatively
. tooth (oral), No treatment
Parallel Iran 75 Meail' 28 NR extraction (placebo)
group (SD=NR) (impacted
third molar) | Dexamethasone 2
mg (oral),
Afkan_2018B No treatment
(placebo)
Dexamethasone
ImL of 4 mg/mL
solution
Atalay 2020A (submucosal),
Surgical No treatment
. tooth (placebo)
P;léillel Turkey 60 1(\1/51?2.52256')1 8 46.67 extraction
group ’ (impacted Dexamethasone
third molar) | 2mL of 8 mg/mL
solution
Atalay 2020B (submucosal),
No treatment
(placebo)
Surgical Dexamethasone 4
Parallel tooth mg/mL
Sahu 2020 ?ra ¢ India 40 Range: 18-60 | NR extraction (submucosal),
group (impacted No treatment
third molar) | (placebo)
Dexamethasone 4
mg/mL
Lim 2017A (submucosal),
Surgical No treatment
Parallel . Mean: 25 tooth . (placebo)
Malaysia 65 _ 81.67 extraction
group (SD=4) .
(impacted .
. Methylprednisolone
third molar) 40 b I
Lim 2017B mg (submucosal),
- No treatment
(placebo)
Surgical Dexamethasone 4
Parallel Mean: 28.77 tooth mg/m L
Khalida 2017 . Pakistan 60 (SD:& 0 4') 36.67 extraction (submucosal),
group ’ (impacted No treatment
third molar) | (placebo)
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Bortoluzzi_201

Dexamethasone 8
mg + Amoxicillin 2
2,

3A tsohgtghical Amoxicillin 2 g
Parallel Brazil 50 I(\geDaENiz)S NR extraction (ora)
group (impacted
third molar) Dexamethasone 8
Bortoluzzi_201 mg (oral),
3B No treatment
(placebo)
Dexamethasone 8
mg (intramuscular),
Antunes 2011A Surgical No treatment
tooth (placebo)
Parallel . Mean: 21 .
rou Brazil 60 (SD=5.4) 38.4 extraction
group ’ (lilmgacwld Dexamethasone 8
third molar
Antunes 2011B : Ef t(r(lr:ltlr)r;ent
(placebo)
tSoL:)rtghl cal Dexamethasone 8
Deo 2011 P;léillel India 30 I(\geDaE&%'% 40 extraction Ef f:;ﬁz:;?sal)’
group (impacted (placebo)
third molar) placebo
Dexamethasone 4
- mg (intramuscular),
Majid 2011 1A Surgical No treatment
lacebo
Parallel Mean: 26.9 tooth . ® )
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Vegas- . tooth
Parallel . Mean: 25 . 40 mg
Bustamante 20 Spain 80 _ 46 extraction .
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Risk of bias in included studies

Randomization, deviations from the intended intervention, and measurement of

outcomes were the risk of bias domains judged as high or probably high risk of bias

most frequently across the included studies (Appendix Table 3).

Subgroup analyses
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The various types of corticosteroids identified in this review included dexamethasone,
methylprednisolone, prednisolone, and triamcinolone acetonide. The route of
administration varied among oral, intramuscular, and submucosal. We did not find
evidence of a subgroup effect for the comparison of each specific corticosteroid with a
placebo (Appendix Figures 1-5). Similarly, we did not find compelling evidence of a
subgroup effect for the comparison of corticosteroids with a placebo based on
administration modes (Appendix Figures 6-10). Any minor quantitative differences

observed across analyses were not clinically significant.

Figure 2. Corticosteroids versus placebo for the outcome of pain at 6 hours.

Corticosteroid Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Afkan_2018A 77.2 22.27 25 80.8 21.78 12 10.8% -3.60[-18.70, 11.50] —
Afkan_2018B 80.4 21.89 25 80.8 21.78 13 11.3% -0.40[-15.02, 14.22] I E—
Bauer_2012 16 19 24 22 19 23 16.1% -6.00[-16.87, 4.87] — 1
Bortoluzzi_2013A 28.7 19 12 25.25 26.055 12 8.2% 3.45 [-14.80, 21.70] e
Bortoluzzi_2013B 32.7 19 14 28.2 26.055 12 8.6%  4.50([-13.29, 22.29] e —
Buyukkurt_2006 31.93 26.87 15 49.6 30.33 15 6.9% -17.67 [-38.18, 2.84] -
Mojsa_2017A 23.89 9.59 30 33.42 43.88 15 5.9% -9.53[-32.00, 12.94] B B
Mojsa_2017B 7.08 17.14 30 33.42 43.88 15 5.7% -26.34 [-49.38, -3.30] I
Simone_2013 18.3 19 20 36.7 26.055 14 10.0% -18.40 [-34.39, -2.41]
Vegas-Bustamante_2008 13.66 18.38 35 31.44 26.055 35 16.6% -17.78[-28.34,-7.22] —_—
Total (95% CI) 230 166 100.0% -8.79 [-14.80, -2.77] L 4
Heterogeneity: Tau? = 27.73; Chi* = 12.96, df = 9 (P = 0.16); I’ = 31%

-50 -25 0 25 50

Test for overall effect: Z = 2.86 (P = 0.004) Favours Corticosteroid Favours Placebo

71



Ph.D. Thesis — Anna Miroshnychenko; McMaster University — Health Research
Methodology

Figure 3. Corticosteroids versus placebo for the outcome of pain at 24 hours.

Corticosteroid Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Antunes_2011A 1.4 1.1 18 2.1 1.02 11 4.8% -0.70 [-1.49, 0.09]
Antunes_2011B 1.65 1.35 20 2.1 1.02 11 4.8% -0.45 [-1.29, 0.39]
Bauer_2012 15 14 24 19 18 23 2.2% -4.00 [-13.25, 5.25] —
Bhargava_2014A 18 7 10 30 6 4 2.7% -12.00[-19.31, -4.69] —_—
Bhargava_2014B 16 8 10 30 6 3 2.4% -14.00[-22.41, -5.59] i
Bhargava_2014C 19 12 10 30 6 3 2.0% -11.00[-21.07,-0.93] n—
Bortoluzzi_2013A 25.53 12.61 12 24.62 12.795 12 1.9% 0.91 [-9.25, 11.07]  —
Bortoluzzi_2013B 23.62 12.61 14 15.38 12.795 12 2.0% 8.24 [-1.56, 18.04] —
Chugh_2018A 35 313 23 58 37.8 9 0.4% -23.00 [-50.81, 4.81] —
Chugh_2018B 53 325 20 58 37.8 8 0.3% -5.00 [-34.82, 24.82] —
Deo_2011 61.5 12.61 19 64.5 12.795 11 2.1% -3.00 [-12.45, 6.45] b
Deo_2016_1 68.44 11.22 19 71.67 16.67 11 1.7% -3.23 [-14.30, 7.84] /T
Gholami_2021A 67.5 21.7 20 54 25.8 10 0.8% 13.50 [-5.11, 32.11] 7
Gholami_2021B 47 26.8 20 54 25.8 10 0.7% -7.00 [-26.84, 12.84] R
Gozali_2017 14.12 7.81 48 23.85 12.73 48 3.8% -9.73 [-13.96, -5.50] -
Ibikunle_2016A 6.34 1.95 62 8.2 1.54 31 4.8% -1.86 [-2.59, -1.13] |
Ibikunle_20168B 6.44 1.93 62 8.2 1.54 31 4.8% -1.76 [-2.48, -1.04] N
Kang_2010A 66.3 34.4 60 70.3 28.1 48 1.6% -4.00 [-15.79, 7.79] T
Kang_2010B 62.8 27.5 64 70.3 28.1 48 1.9% -7.50[-17.92, 2.92] T
Larsen_2021A 40.25 8.58 26 57.17 10.71 9 2.6% -16.92 [-24.66, -9.18] I
Larsen_2021B 37.88 6.21 26 57.17 10.71 9 2.7% -19.29 [-26.68, -11.90] —_—
Larsen_2021C 45.17 7.67 26 57.17 10.71 8 2.5% -12.00[-19.99, -4.01] i
Lim_2017A 28.1 6.94 20 36.2 12.795 10 2.4% -8.10 [-16.59, 0.39] —
Lim_2017B 21.9 24.25 20 36.2 12.795 10 1.4% -14.30[-27.56, -1.04] —
Majid_2011_1A 3.7 2.9 11 6.1 2.8 6 4.3% -2.40 [-5.22, 0.42] =
Majid_2011_1B 2.8 2.9 11 6.1 2.8 5 4.3% -3.30 [-6.29, -0.31] 1
Majid_2011_2A 3.6 3.1 10 6.3 2.9 5 4.2% -2.70 [-5.89, 0.49] 1
Majid_2011_2B 2.8 3.1 10 6.3 2.9 5 4.2% -3.50 [-6.69, -0.31] ~
Majid_2013A 32 30 12 70 20 4 0.5% -38.00[-63.93,-12.07]
Majid_2013B 29 27 11 70 20 4 0.5% -41.00[-66.27, -15.73]
Majid_2013C 30 26 12 70 20 4 0.5% -40.00 [-64.51, -15.49]
Mojsa_2017A 11.34 6.94 30 13.06 12.86 15 2.8% -1.72 [-8.69, 5.25] b
Mojsa_2017B 0 1.84 30 13.06 12.86 15 3.0% -13.06[-19.60, -6.52] -
Prashar_2016 26.26 14.64 15 50 18.92 15 1.5% -23.74[-35.85, -11.63] —
Sahu_2020 12 7.6 20 27.5 11.6 20 3.1% -15.50[-21.58, -9.42] -
Saravanan_2016A 29.75 9.66 20 66.3 8.47 10 2.9% -36.55[-43.29, -29.81] i
Saravanan_2016B 26.4 4.84 20 66.3 8.47 10 3.3% -39.90 [-45.56, -34.24] -
Simone_2013 15 12.61 20 22.5 12.795 14 2.3% -7.50[-16.19, 1.19] —
Vegas-Bustamante_2008 8.97 24.25 35 19.59 12.795 35 2.2% -10.62[-19.70, -1.54] —
Zerener_2015A 11.5 13.51 26 24.19 17.75 13 1.8% -12.69[-23.65,-1.73] ———
Zerener_2015B 15.76 21.03 26 24.19 17.75 13 1.5% -8.43 [-21.02, 4.16] —
Total (95% CI) 972 583 100.0% -8.89 [-10.71, -7.06] [

ity 2 _ . i2 — = 2 = o, I I 1 1
Heterogeneity: Tau” = 18.09; Chi* = 465.10, df = 40 (P < 0.00001); I’ = 91% T 55 1) s 5o

Test for overall effect: Z = 9.53 (P < 0.00001)

Favours Corticosteroid Favours Placebo



Ph.D. Thesis — Anna Miroshnychenko; McMaster University — Health Research
Methodology

Figure 4. Corticosteroids versus placebo for the outcome of postoperative infection
adverse effect.

Corticosteroid Placebo Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Atalay_2020A 0 20 0 10 0.5% 0.00 [-0.14, 0.14] I
Atalay_2020B 0 20 0 10 0.5% 0.00 [-0.14, 0.14] —
Bortoluzzi_2013A 0 12 0 12 0.5% 0.00 [-0.15, 0.15] e
Bortoluzzi_20138 1 14 0 12 0.3% 0.07 [-0.11, 0.26] B B
Chugh_2018A 0 23 0 9 0.5% 0.00 [-0.15, 0.15] I
Chugh_20188B 0 20 0 8 0.4% 0.00 [-0.16, 0.16] I
El Hag_1985 0 38 0 32 3.3% 0.00 [-0.05, 0.05] T
Ghensi_2017A 0 20 0 21 1.2% 0.00 [-0.09, 0.09] -1
Ghensi_2017B 0 20 0 19 1.1% 0.00 [-0.09, 0.09] -1
Gopinath_2017 0 40 0 40 4.4% 0.00 [-0.05, 0.05] T
Grossi_2007A 0 18 0 11 0.5% 0.00 [-0.13, 0.13] .
Grossi_2007B 0 20 0 12 0.6% 0.00 [-0.12,0.12] .
Imon_2021 0 147 0 147 56.4% 0.00 [-0.01, 0.01] | |
Khalida_2017 0 30 0 30 2.5% 0.00 [-0.06, 0.06] T
Larsen_2020A 5 26 2 9 0.1% -0.03 [-0.34, 0.28] I
Larsen_2020B 5 26 2 9 0.1% -0.03 [-0.34, 0.28] . E—
Larsen_2020C 6 26 2 8 0.1% -0.02 [-0.36, 0.32] I E—
Lim_2017A 0 20 0 10 0.5% 0.00 [-0.14, 0.14] I
Lim_2017B 0 20 0 10 0.5% 0.00 [-0.14, 0.14] I
Majid_2011_1A 0 11 0 5 0.2% 0.00 [-0.25, 0.25] s —
Majid_2011_1B 0 11 0 0.2% 0.00 [-0.22, 0.22] [ e—
Majid_2011_2A 0 10 0 5 0.2% 0.00 [-0.25, 0.25] T
Majid_2011_2B 0 10 0 5 0.2% 0.00 [-0.25, 0.25] AR B
Majid_2013A 0 12 0 4 0.1% 0.00 [-0.28, 0.28] S —
Majid_20138 0 11 0 4 0.1% 0.00 [-0.29, 0.29] I —
Majid_2013C 0 12 0 4 0.1% 0.00 [-0.28, 0.28] I E—
Mojsa_2017A 0 30 0 15 1.1% 0.00 [-0.10, 0.10] -1
Mojsa_2017B 0 30 0 15 1.1% 0.00 [-0.10, 0.10] -1
Nair_2013 0 50 0 50 6.7% 0.00 [-0.04, 0.04] T
Pansard_2020 0 44 0 49 5.8% 0.00 [-0.04, 0.04] T
Pedersen_1995 0 30 0 30 2.5% 0.00 [-0.06, 0.06] T
Schmelzeisen_1993 5 25 3 25 0.2% 0.08 [-0.12, 0.28] I E—
Tiigimae_2010 0 38 0 40 4.2% 0.00 [-0.05, 0.05] T
Vegas-Bustamante_2008 0 35 0 35 3.4% 0.00 [-0.05, 0.05] T
Total (95% CI) 919 711 100.0% 0.00 [-0.01, 0.01]
Total events 22 9

itve 2 _ . i2 — - - 12 = } 1 I ]

Heterogeneity: Tau? = 0.00; Chi® = 1.43, df = 33 (P = 1.00); I” = 0% = i ) NG 7

Test for overall effect: Z = 0.06 (P = 0.95) Favours Corticosteroid Favours Placebo

Figure 5. Corticosteroids versus placebo for the outcome of alveolar osteitis adverse
effect.

Corticosteroid Placebo Risk Difference Risk Difference
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Bortoluzzi_2013A 0 12 1 12 2.8% -0.08 [-0.29, 0.12] -
Bortoluzzi_2013B 0 14 1 12 3.0% -0.08 [-0.28, 0.11] i
Chugh_2018A 0 23 0 9 5.3% 0.00 [-0.15, 0.15] —
Chugh_2018B 0 20 0 8 4.3% 0.00 [-0.16, 0.16] [ —
El Hag_1985 2 38 0 32 14.9% 0.05 [-0.03, 0.14] T
Khalida_2017 0 30 0 30 28.9% 0.00 [-0.06, 0.06] —*
Majid_2011_1A 0 11 0 5 1.8% 0.00 [-0.25, 0.25]
Majid_2011_1B 0 11 0 6 2.3% 0.00 [-0.22, 0.22] 1
Majid_2011_2A 0 10 0 5 1.8% 0.00 [-0.25, 0.25] B E—
Majid_2011_2B 0 10 0 5 1.8% 0.00 [-0.25, 0.25] s —
Majid_2013A 0 12 0 4 1.4% 0.00 [-0.28, 0.28] [ E—
Majid_2013B 0 11 0 4 1.4% 0.00 [-0.29, 0.29] I E—
Majid_2013C 0 12 0 4 1.4% 0.00 [-0.28, 0.28]
Pedersen_1995 0 30 0 30 28.9% 0.00 [-0.06, 0.06] -
Total (95% CI) 244 166 100.0% 0.00 [-0.03, 0.04] ¢
Total events 2 2
ity 2 . 2 C2 ! 1 I Il
Heterogeneity: Tau? = 0.00; Chi* = 2.77, df = 13 (P = 1.00); I = 0% =) s 0 o' T

Test for overall effect: 2 = 0.18 (P = 0.86) Favours Corticosteroid Favours Placebo
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Figure 6. Corticosteroids versus placebo for the outcome of nausea/vomiting adverse
effect.

Corticosteroid Placebo Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Deo_2016_2 1 19 7 11 29.7% -0.58 [-0.89, -0.28] e —
Schmelzeisen_1993 4 25 5 25 33.3% -0.04 [-0.25, 0.17]
Selimovic_2017 0 20 0 20 37.0% 0.00 [-0.09, 0.09]
Total (95% CI) 64 56 100.0% -0.19 [-0.54, 0.16]
Total events 5 12
ity: 2 _ - Chiz = = SR = I } 1 t {
Heterogeneity: Tau? = 0.08; Chi* = 19.74, df = 2 (P < 0.0001); I’ = 90% iy 0 ) ofs 1

Test for overall effect: Z = 1.04 (P = 0.30) Favours Corticosteroid Favours Placebo

Outcome Measures
Corticosteroids compared with a placebo (i.e., no treatment with corticosteroids)

1. Postoperative pain

Seven RCTs, including 396 participants, assessed pain using a visual analog scale
ranging from 0 (no pain) through 100 (worst pain imaginable) at 6 hours [16, 19, 21,
22, 43, 52, 54]. The results suggested that there may be a trivial benefit of
corticosteroids compared with a placebo in terms of pain intensity measured 6 hours
postoperatively (mean difference, 8.79 points lower; 95% CI, 14.8 to 2.77 points lower;
low certainty) (Table 2, Figure 2). Twenty-three RCTs, including 1,555 participants,
assessed pain using a visual analog scale ranging from 0 (no pain) through 100 (worst
pain imaginable) at 24 hours [17, 19-21, 23-25, 29, 31, 33, 35, 38-43, 47-49, 52, 54-
56]. Very low certainty evidence suggested that there may be a trivial difference
between corticosteroids and a placebo in terms of pain intensity measured 24 hours
postoperatively (mean difference, 8.89 points lower; 95% CI 10.71 to 7.06 points

lower; very low certainty) (Table 2, Figure 3).
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Table 2. Corticosteroids vs placebo (no treatment with corticosteroids) for acute dental

pain.
Outcome Relative | Anticipated absolute effects (95% CI) | Certainty Comments
Ne of effect
participants 95% With N With it
. ith No it ifference
(studies) Ch Treatment Corticosteroids
(placebo)
Pain - The median - MD 8.79 oO0O There may be a
assessed with: pain was points LOW &b trivial benefit of
Visual Analogue 32.43 points lower corticosteroids
Scale from 0 (no (14.8 compared to no
pain) to 100 lower to treatment
(worst pain) 2.77 (placebo) in
follow up: 6 hours lower) terms of pain
Ne of participants: measured 6
396 hours
(7 RCTs) postoperatively.
Pain - The median - MD 8.89 100@) There is very
assessed with: pain was points VERY low certainty
Visual Analogue 26.06 points lower LOWede evidence
Scale from 0 (no (10.71 regarding the
pain) to 100 lower to difference
(worst pain) 7.06 between
follow up: 24 lower) corticosteroids
hours and no treatment
Ne of participants: (placebo) in
1555 terms of pain
(23 RCTs) measured 24
hours
postoperatively.
Adverse Effect - not 1.3% 2.4% 0% fewer | ®®OQ | There may be no
Postoperative estimable (1 fewer to LOW fe difference
Infectlog 1 more) between_
assessed with: corticosteroids
Proportion of and no treatment
patients (placebo) with
experiencing regards to
postoperative incidence of
infection postoperative
follow up: any infection
time
Ne of participants:
1630
(21 RCTs)
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Adverse Effect - not 1.2% 0.8% 0% fewer | @000 There is very
Alveolar Osteitis estimable (3 fewer to VERY low certainty
assessed with: 4 more) LOW¢Eh evidence
Proportion of regarding the
patients difference
experiencing between
alveolar osteitis corticosteroids
follow up: any and no treatment
time (placebo) in
No of participants: terms of
410 incidence of
(8 RCTs) alveolar osteitis.
Adverse Effect - not 21.4% 7.8% 19% 100@) There is very
Gastrointestinal estimable fewer VERY low certainty
assessed with: (54 fewer LOWiik evidence
Proportion of 0 16 regarding the
patients more) difference
experiencing between
nausea/vomiting corticosteroids
follow up: any and no treatment
time (placebo) in
No of participants: terms of
120 incidence of
(3 RCTs) nausea/vomiting
Total Pain Relief - - - - -
(TOTPAR) at 6
Hours - not
measured
Global Efficacy - - - - -
Rating at 6 Hours
- not measured
Adverse Effect - - - - - -
Mood Alteration -
not measured
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the
comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; MD: Mean difference
GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the
estimate of the effect, but there is a possibility that it is substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from
the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially
different from the estimate of effect

Explanation

a. Four studies were at a high risk of reporting bias as they did not provide measures of variability. Three studies
were at either a high or probably high risk of attrition bias due to missing outcome data. Therefore, we rated down
one level due to risk of bias.
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b. Using a threshold of 10 points (based on 10% of the scale range), the lower bound of the confidence interval
suggests an important difference favouring corticosteroids while the upper bound suggests a trivial difference
favouring corticosteroids. Therefore, we rated down one level due to imprecision.

c. Several studies were probably at a high risk of bias arising from the randomization process because there was
no mention of allocation concealment and the healthcare providers were not blinded or it was unclear whether
they were blinded. Several studies were also at a high risk of performance and detection bias due to a lack of
blinding of participants (outcome assessors). Additionally, some studies were at a high risk of reporting bias as
they did not report measures of variability. Therefore, we rated down one level due to risk of bias.

d. There is high statistical heterogeneity (12 = 91%, p < 0.00001) and the effect estimates of some studies are
importantly different from each other. Therefore, we rated down one level due to inconsistency.

e. Using a threshold of 10 points (based on 10% of the scale range), the lower bound of the confidence interval
suggests an important difference favouring corticosteroids while the upper bound suggests a trivial difference
favouring corticosteroids. Therefore, we rated down one level due to imprecision.

f. Several studies were probably at a high risk of bias arising from the randomization process because there was no
mention of allocation concealment, and the healthcare providers were not blinded or it was unclear whether they
were blinded. Several studies were also at a high risk of bias due to a lack of blinding of participants. Therefore,
we rated down one level due to risk of bias.

g. Given the very low event rate, the optimal information size for this outcome was not met. Therefore, we rated
down one level due to imprecision.

h. Using a threshold of 0.12% (based on 10% of the baseline risk, i.e., the risk with placebo), the lower bound of
the confidence interval suggests an important difference favouring corticosteroids while the upper bound suggests
an important difference favouring no treatment (placebo). Therefore, we rated down two levels due to imprecision.
1. Two studies were at a high risk of attrition bias due to missing outcome data. Two studies were at a high or
probably high risk of detection bias as participants were not blinded. One of these studies also had concerns
regarding reporting bias as well as the randomization process as it did not mention allocation concealment and it
was unclear whether healthcare providers were blinded. Therefore, we rated down one level due to risk of bias.

j- There is high statistical heterogeneity (12 = 90%, p < 0.0001) and the confidence interval of one study that
contributes 29.7% to the pooled estimate does not overlap with the others. Therefore, we rated down one level due
to inconsistency.

k. Using a threshold of 2.14%, (based on 10% of the baseline risk, i.e., the risk with placebo) the lower bound of
the confidence interval suggests an important difference favouring corticosteroids while the upper bound suggests
an important difference favouring no treatment (placebo). Therefore, we rated down one level due to imprecision.

2. Reported adverse effects

1. Infection

Twenty-one RCTs, including 1,630 participants, assessed the incidence of
postoperative infection as an adverse effect at different follow-up times [18, 21, 23, 27,
28, 30, 32, 34, 36, 37, 39-46]. The studies suggested that there may be no difference
between corticosteroids and a placebo with regard to incidence of postoperative

infection (risk difference, 0%; 95% CI, —1% to 1%; low certainty) (Table 2, Figure 4).
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2. Alveolar osteitis

Eight RCTs, including 410 participants, examined the occurrence of alveolar osteitis
as the proportion of participants experiencing this outcome at any time [21, 23, 27, 36,
40-42, 46]. Very low certainty evidence suggested that there may be no difference
between corticosteroids and a placebo in terms of incidence of alveolar osteitis (risk

difference, 0%; 95% CI, —3% to 4%; very low certainty) (Table 2, Figure 5).

3. Gl adverse effects

Three RCTs, including 120 participants, provided evidence on the incidence of GI
adverse effects expressed as the proportion of participants experiencing nausea or

vomiting at any time [30, 54, 55] (Table 2, Figure 6).

Corticosteroids may reduce the incidence of GI adverse effects compared with a
placebo; however, the evidence is uncertain (risk difference, —19%; 95% CI, —54% to
16%; very low certainty) (Table 2, Figure 6). In addition, although we identified a
statistically significant difference in GI adverse effects depending on the route of
administration (oral multidose vs submucosal single dose), the small number of events
and studies did not provide compelling evidence to claim a subgroup effect (Table 2,

Appendix Figure 10).
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4. Total pain relief, global efficacy rating, and mood alteration

None of the included studies provided evidence related to the effect of corticosteroids
compared with a placebo on total pain relief, global efficacy rating, or mood alteration

outcomes.

DISCUSSION

Low certainty evidence suggested that corticosteroids administered orally,
submucosally, or intramuscularly in adolescent, adult, or older adult participants may
decrease pain intensity a trivial amount at 6 hours compared with a placebo (no
treatment with corticosteroids). This difference remained trivial at 24 hours (very low
certainty). We found no difference between corticosteroids compared with a placebo
with regard to the incidence of postoperative infection (low certainty) and alveolar
osteitis (very low certainty). With regard to adverse events, in particular GI events (for
example, nausea and vomiting), the available evidence suggested that corticosteroids
could result in a small benefit (that is, a reduction in GI adverse events) compared with
a placebo (very low certainty); however, these results are not trustworthy due to the
small number of studies and participants. Most of the included RCTs had serious issues
related to the randomization process, deviations from the intended intervention, and
measurement of outcomes. In addition, none of the primary studies were conducted in
the United States, where intravenous corticosteroids (not oral, submucosal,

intramuscular) are often administered, patients regularly receive intravenous sedation,
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and more than 1 mandibular third molar may be extracted at a single appointment. To
improve the certainty of the evidence, future trials should focus on conducting

methodologically rigorous RCTs and increasing the sample size.

In an SR including 12 RCTs, researchers examined the impact of corticosteroids on
postoperative morbidity after third-molar extraction [6]. The researchers examined the
effects of perioperative corticosteroid administration (that is, betamethasone,
prednisolone, methylprednisolone, methylprednisolone acetate, methylprednisolone
sodium succinate, dexamethasone) on pain intensity, trismus, and swelling. Their
finding suggested that corticosteroids reduced swelling and trismus in the early (1-3
days) and late (> 3 days) postoperative phases. The researchers could not determine the
effect of corticosteroids on pain intensity. This differed from our findings, which
suggested a negligible difference between corticosteroids and a placebo at 6 and 24
hours postoperatively. In another SR, researchers also examined the effect of
corticosteroids and included 28 RCTs [4]. The researchers concluded that
corticosteroids  (that is, dexamethasone, prednisolone, methylprednisolone,
betamethasone) improved patients’ postoperative experiences and had a significant
benefit on trismus and inflammation. As we focused our review on pain intensity and
adverse effects, we did not examine the evidence regarding trismus, swelling, or
inflammation; therefore, we cannot compare the results of the reviews cited above with

the results of our review.
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In a third SR and meta-analysis, including 8 RCTs, researchers assessed the effect of
submucosal injection of dexamethasone after third-molar extraction [7]. The results of
the review suggested that the submucosal injection of dexamethasone resulted in a
reduction in swelling and pain from impacted third-molar surgery. In that review, the
researchers also found no difference between dexamethasone and a placebo in relation
to trismus. These results are similar to those from our review in terms of reduction of

pain with the use of corticosteroids.

In a fourth SR, including 7 RCTs, researchers examined the impact of different dosages
of corticosteroids (that is, cortisol, prednisone, prednisolone, methylprednisolone,
dexamethasone, and betamethasone) and administration routes on facial swelling, pain,
and trismus [5]. The researchers concluded that preoperative submucosal injection of
corticosteroids significantly diminished facial swelling, postoperative pain, and trismus
compared with a placebo. Although we did not examine facial swelling and trismus,
our findings are aligned regarding pain reduction, although the magnitude of effect that
we found was lower than our clinically significant threshold (10%). The researchers
concluded that the optimal dosage of corticosteroids and administration route for
decreasing postsurgical morbidity and improving quality of life after surgical removal

of mandibular third molars was unknown [5].

In a fifth SR, researchers analyzed the efficacy of corticosteroids for pain management
after mandibular third-molar extraction [8]. The review included 27 RCTs and the

researchers  concluded that  corticosteroids  (that is, dexamethasone,
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methylprednisolone, and betamethasone) could be used as an adjuvant for pain
reduction after an impacted third-molar extraction. The researchers also suggested that
methylprednisolone and dexamethasone delivered via an intramuscular route were the
best interventions for effective pain reduction. The ideal time for administration of
corticosteroids was the preoperative period. These results were similar to the results of
our review in terms of reduction of pain. However, our review included
dexamethasone, methylprednisolone, prednisolone, and triamcinolone acetonide and

did not find a difference in pain intensity among the different corticosteroids.

The researchers in the SRs mentioned did not assess the certainty of the evidence. The
results of our SR established that the best evidence supporting the outcomes of choice
ranged from low through very low certainty, highlighting the need for RCTs of higher

methodological and reporting quality, as well as statistical precision.

Strengths and limitations

The strengths of our review relied on each stage of the process being conducted
independently and in duplicate. We assessed the risk of bias for each RCT and the
certainty of the evidence for each outcome of interest. We performed the analyses and
interpreted the results using the latest methodological guidance from the GRADE
working group. A limitation is that we restricted our eligibility criteria to peer-reviewed
research articles published in English. However, we believe it is unlikely that our

conclusions would have been different had we included studies in a different language.
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CONCLUSION

The results of our SR and meta-analysis indicated that there was low and very low
certainty evidence informing the effect of corticosteroids administered orally,
submucosally, or intramuscularly in adolescent, adult, or older adult participants
compared with a placebo for the management of acute pain after surgical tooth
extraction. Patients receiving corticosteroids in the modalities above may experience a
trivial reduction in pain intensity compared with those receiving a placebo at 6- and
24-hour follow-ups; however, the evidence is uncertain. Future research should focus
on examining the effect of corticosteroids on various patient-important outcomes in

patients undergoing surgical tooth extractions.
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ABSTRACT

Objective: In this systematic review and meta-analysis, we assess and summarize the
certainty of the evidence about the effects of gender-affirming hormone therapy

(GAHT) in individuals experiencing gender dysphoria (GD).

Methods: We searched MEDLINE, Embase, PsycINFO, Social Sciences Abstracts,
LGBTQ+ Source, and Sociological Abstracts through September 2023. We included
studies comparing GAHT to no GAHT in individuals under 26 years of age
experiencing GD. Outcomes of interest included psychological and physical. Pairs of
reviewers independently screened articles, abstracted data, and assessed the risk of bias
in included studies. We performed meta-analyses and assessed the certainty of the

evidence using the GRADE approach.

Results: We included 24 studies. Comparative observational studies (n=9) provided
mostly very low certainty evidence regarding gender dysphoria, global function, and
depression. One of nine comparative observational studies reported that the odds of
depression may be lower (OR 0.73 [95% CI 0.61 to 0.88], n (number of studies) =1,
low certainty) in individuals who received GAHT compared to those who did not.
Before-after studies (n=13) provided very low certainty evidence about gender
dysphoria, global function, depression, and BMD. One of two (n=2) case series studies

provided high certainty evidence that the proportion of individuals with cardiovascular
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events 7-109 months after receiving GAHT was 0.04 (95% CI 0.03 to 0.05, n =1, high

certainty).

Conclusion: There is considerable uncertainty about the effects of GAHT, and we
cannot exclude the possibility of benefit or harm. Methodologically rigorous

prospective studies are needed to understand the effects of this intervention.

Key messages:

1. What is known on this topic: Previously published evidence syntheses
addressing the effects of GAHT in individuals experiencing GD are
methodologically limited.

2. What this study adds: This publication addresses the effects of GAHT in
individuals experiencing GD, while adhering to the highest methodological
standards for conducting and reporting a systematic review and meta-analysis,
and assessing the risk of bias in each included study and the certainty of the
evidence for each outcome of interest.

3. How this study might affect research, practice, and policy: The evidence from
this systematic review and meta-analysis can be used to inform individuals
experiencing GD and considering GAHT, clinicians involved in their care as
well as clinical practice guideline developers, policy makers and stakeholders

who make decisions about treatment related to gender dysphoria.
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INTRODUCTION

Gender dysphoria (GD) refers to the intense distress caused by feelings of
incongruence between one’s birth-assigned sex and gender identity [1]. Individuals
who experience persistent GD may seek hormonal and surgical interventions to align

their physical bodies with their internal or expressed gender and alleviate this distress

[2].

Hormonal treatments for GD in youth include gonadotropin releasing hormone
analogues (GnRHa) and gender-affirming hormone therapy (GAHT). The former,
GnRHa (puberty blockers), may be administered as early as Tanner Stage 2 [3],
followed by GAHT in adolescence to induce and maintain the desired secondary sex
characteristics. Hormone therapies include the administration of testosterone for natal
females (NF) to create a masculinized appearance, and estrogen in conjunction with
GnRHa for natal males (NM) to produce a feminized appearance. Early interventions
with puberty blockers followed by GAHT is believed to result in better physical
outcomes aligned with the desired gender [4, 5], though some individuals may receive

only GAHT.

A high-quality SR is needed to overcome methodological limitations in this field. This

SR and meta-analysis aimed to summarize the effects of GAHT in individuals with GD

under the age of 26.
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METHODS

We report this SR and meta-analysis following the guidance of the preferred reporting
items for systematic reviews and meta-analyses (PRISMA) checklist (Appendix 1). We

registered the protocol in PROSPERO (registration ID: CRD42023452171).

Eligibility criteria

For eligibility criteria, see Table 1.

Table 1. Eligibility criteria.

Types of studies | We included randomized controlled trials, comparative
observational studies, and before-after studies addressing the
intervention and comparison of interest. We also included case
series addressing the intervention of interest in special
instances. We did not find any RCTs and included all eligible
comparative observational and before-after studies. As for case
series, if an outcome of interest was not reported in the eligible
comparative observational or before-after studies, we included
all eligible case series studies addressing that outcome. We

included studies published in full, and in English language.

93



Ph.D. Thesis — Anna Miroshnychenko; McMaster University — Health Research

Methodology

Population

We included individuals under 26 years, who were diagnosed,
experienced, self-identified, or were identified by a parent as
having GD, gender identity disorder or gender incongruence, or
who identified as transgender or non-binary. To be as inclusive
as possible, we included all studies where the mean age of
participants was below 26 years. We decided to include
individuals below 26 years of age because the definition of
youth, the target population of this review, is commonly

defined as extending into the mid-twenties [6, 7].

Intervention

We included studies assessing the effects of GAHT. We
defined GAHT as stated by the authors or as the use of
feminizing hormones in an individual assigned male at birth or
as the use of masculinizing hormones in an individual assigned

female at birth.

Comparator

The comparator of interest was no GAHT (e.g., psychological
therapy, no treatment). In case series studies, a comparator

group was not necessary.

Outcomes

We included studies reporting on any of the following
outcomes if follow up was short term (<6 months) or long-term
(>1 year): gender dysphoria, completed suicides, global
function, depression, sexual dysfunction from physiological

perspective (i.e., lack of erection, dyspareunia, problems related
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to dry and degenerated mucosal tissue, anorgasmia), bone

mineral density (BMD), and cardiovascular events.

Information sources

With the assistance of an information specialist (RC), we searched MEDLINE,
Embase, PsycINFO, Social Sciences Abstracts, Contemporary Women’s Issues,
LGBTQ+ Source, Sociological Abstracts, Studies on Women, Gender Abstracts, and
Google Scholar from inception to September 2023. This search was part of an umbrella

search for a related SR [8]. All search strategies are in Appendix 2.

Study selection

Two reviewers (SI, YR), using Covidence software (https://www.covidence.org/) and

following training and calibration exercises, independently screened titles and

abstracts, and full texts of potentially eligible studies. A third reviewer (AM) resolved

conflicts. The study selection for this SR was completed in tandem with another related

SR at the abstract and full-text stages [8].

Data collection

For data collection, see Appendix 3.
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Risk of bias in individual studies

We assessed the risk of bias using a modified version of the Cochrane risk of bias tool
for non-randomized studies of interventions (ROBINS-I) for each study design. For

details, see Appendix 4 and 5.

Data synthesis

Although study authors used various observational study designs, we classified studies

according to how the data were analyzed for this review. See Appendix 6.

For dichotomous outcomes, we summarized the effect of interventions using odds
ratios in comparative observational and before-after studies, and proportions (i.e.,
number of events per number of participants in the study group) in case series studies.
For continuous outcomes, we summarized the effects of interventions using mean
difference in comparative observational studies (i.e., difference in scores between the
study groups), mean change in before-after studies (i.e., difference in scores before and

after intervention), and mean in case series.

Since the study authors did not provide correlation coefficients, we imputed a moderate
correlation coefficient (r=0.5) when calculating mean change. We calculated 95%

confidence intervals (CI) around all estimates.
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We conducted meta-analysis using a random-effects model when appropriate, as
determined by subject area experts (CKM, SM), for studies addressing the same
outcome and with no clinical heterogeneity between them (i.e., study design,
population, intervention/comparator, outcome definition). When studies reported
outcomes using different scales, we calculated the standardized mean change for
before-after studies. If we could not perform a meta-analysis, we summarized the
evidence across studies. We used the meta and metafor packages in R Studio Version

4.2 for analyses.

Certainty of the evidence

We assessed the certainty of the evidence following grading of recommendations
assessment, development, and evaluation (GRADE) approach [9]. For details, see
Appendix 7. We assessed the certainty in the causal effects of GAHT on the outcomes
of interest rather than the association between GAHT as an exposure. We followed
GRADE guidance and principles to address questions about interventions using
observational studies. This process involves clarifying the question (target of
certainty), defining the intent of the question (causality), and assessing the certainty of

the evidence under those parameters.

When assessing risk of bias for each outcome, we rated down the certainty of evidence

from observational studies by up to three levels due to prognostic imbalance. In case
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series, outcomes requiring a comparison group (e.g., GD, completed suicides, global
function, depression, sexual dysfunction, BMD) were rated down three levels due to
the absence of such a group. However, outcomes not requiring a comparison group
(e.g., cardiovascular events linked to gender-affirming hormones) were not rated down,

as these events were specific to intervention recipients.

To minimize value judgments, we used a null effect threshold (1 for relative measures,
and O for absolute measures, mean differences, or mean changes) to rate the certainty
of any benefit or harm (of any magnitude) from receiving GAHT over not receiving
GAHT. We did not define a minimally important difference to determine whether an

effect was clinically meaningful or important.

Subgroup and sensitivity analyses

For subgroup and sensitivity analyses, see Appendix 8.

Management of conflicts of interest

For management of conflicts of interest, see Appendix 9. Other SRs under the described

agreement include SRs about the effects of social gender transition, mastectomy [10],

chest binding and genital tucking, and puberty blockers (all submitted for publication).

RESULTS
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After screening 6,736 titles and abstracts for this SR and another related [8], we
included 24 studies. Figure 1 shows the study search and selection process. We present
reasons for exclusion at the full-text screening stage (n=311) with references in

Appendix 10.

( Identification of studies via databases and registers®
—
Records removed before
screening.
Records identified from: :3‘“_”:]318 records removed

Records marked as ineligble
by automation 100ls (n = 0)
Records removed for other
reasons (n = 0)

i Databases (n = 6,739) >
Z Registers (n = 0)
—

:

Records screened »| Records excluded
(n = 6,736) (n = 6,425)

:

Reports sought for retrieval Reports not retrieved

§ (n=311) (n=0)

Reports assessed for eligibilit;
(n ?%l 1) . *| Reports excluded:

Wrong study design (n = 116)
Wrong population (n = 91)
Wrong outcomes (n = 52)
Wrong language (n = 1)
Wrong intervention (n = 27)

—_—

v

v

(n = 24)
Reports of included studies
(n = 24)

r—
§ Studies included in review
~—

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses 2020
flow diagram for new systematic reviews which included searches of databases and
register only. © This was an umbrella search completed for two related systematic
reviews and meta-analyses. 24 studies were included in this systematic review. The

studies that were in another review are part of the studies excluded for wrong
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intervention. *Ten of 27 studies excluded for wrong intervention were included in

another review.

Characteristics of included studies

Of 24 included studies, 9 were comparative observational [11-19], 13 were before-after
[20-32], and 2 were case series [33, 34] (Figure 1). Thirteen studies included NMs and

NFs, and 11 included NFs only.

The mean (SD) age of participants at the time of GAHT ranged from 15.1 (1.8) to 25.1
(4.8). We present characteristics of included studies in Appendix 11. Appendix 12
describes outcome measurement instruments used in the studies and their

interpretability.

Risk of bias in included studies

Across comparative observational studies, the domains commonly judged as serious or
critical risk of bias were confounding, missing data, and deviation from intended
intervention (i.e., administration of co-interventions). Before-after studies were at
serious or critical risk of bias due to missing data and deviation from intended
intervention (i.e., administration of co-interventions). In addition to lacking a
comparison group, case series were at critical risk of bias due to measurement of the

outcome (Appendix 13).
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Effects of interventions

We describe the effects of the interventions for each study design. Tables 1-3 provide
summary of findings tables, and appendix 14 displays forest plots of meta-analysis. If
sex-specific data were available, we included separate data points for NMs and NFs in
each meta-analysis (Appendix 14). When studies reported data for both groups and no

important heterogeneity was found, we presented a single combined effect estimate.

1. Comparative observational studies

See Table 2 for summary of findings table.

Gender dysphoria (GD): Current GD, using the Gender Distress Scale ranging from
1 to 5, may be lower (MD (mean difference) 0.4 lower [95% CI 0.24 lower to 0.16
higher], number of studies (n) = 1, very low certainty) in NMs and NFs who received
GAHT compared to those who did not; however, we are very uncertain about the causal

effect of the intervention on GD [15].

Global function: A meta-analysis suggests that global function, measured within the

last 12 to 24 months, may be higher (standardized mean difference (SMD) 0.87 higher,

[95% CI 0.25 lower to 2 higher], n = 2, very low certainty) in NMs and NFs who
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received GAHT compared to those who did not; however, we are very uncertain about

the causal effect of the intervention on global function [35, 36].

Depression: Eight studies reported this outcome using seven different measurement
instruments. Due to variability in instruments, time points, and reporting, we could not

include all studies in a single meta-analysis.

A meta-analysis suggests that depression, measured within the last 12 months, may be
lower (SMD 0.3, [95% CI 0.85 lower to 0.25 higher], n = 2, very low certainty) in NMs
and NFs who received GAHT compared to those who did not; however, we are very
uncertain about the causal effect of the intervention on depression [16, 36]. See
Appendices 15 and 16 for low to very low certainty evidence about depression from

studies not pooled with this evidence.

Table 2. Gender-affirming hormone therapy vs no gender-affirming hormone therapy:

evidence from comparative observational studies.

Anticipated absolute effects”

(95% CI)
Risk with Risk with
no gender- gender-
affirming affirming
hormone hormone
therapy therapy
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Gender Dysphoria, The evidence is
current (no follow- very uncertain
ulzi) i The mean about the effect of
assessed with: ender 146 gender-affirming
participant reported D}%sphoria, I(\g]z 40'1?)\11??: ) (1 non- @OOO hormone therapy
Gender Distress current (no O..l Bt e randomi?ed Very low ®® on geqder
Scale, higher scores | follow-up) study) dysphoria (r}o
indicate higher was 4.17 follow-up) in
. natal males and
gender distress natal females.
Scale from: 1 to 5
Global Function,
Long Term Follow-
Up
assessed with:
participant reported,
various scales The evidence is
[SymPtom very uncertain
Checklist-90 about the effect of
Revised (SCL-90-R) SMD 0.87 SD 125 gender-affirming
Global Severity i higher ) (2 non- @OOO hormone therapy
Index, The (0.25 lower to 2 randomised Very low ¢&f | on global function
Children’s Global higher) studies)* at long term
Assessment Scale follow-up in natal
(CGAS)], higher mal;s and natal
indi emales.
scores indicate
better global
function
follow-up: range 12
months to 24
months °
Depression, Long
Term Follow-Up
assessed with:
participant reported,
various scales The evidence is
[SymPtom very uncertain
R _CheCkhSt'90 SMD 0.3 SD 154 about the effec_t of
evised (SCL-90-R) gender-affirming
Depression Domain, - lower - (2 non- GBOOO hormone therapy
B (0.85 lower to randomised | very Jow F&h .
Children's 0.25 higher) studies)* Y on depression at
Depression long te“? lfollolw-
up in natal males
Invc?ntory (CDD], anr::l natal females.
higher scores
represent worse
depression
follow-up: mean 12
months °
Other Outcomes - = ) )
not measured i i i
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group
and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; MD: mean difference; OR: odds ratio; SMD: standardised mean difference
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GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of
the effect, but there is a possibility that it is substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the
estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different
from the estimate of effect.

Explanations

a. Rated down three levels due to critical risk of bias because of lack of adjustment for important confounders (i.e.,
psychiatric interventions, mental health comorbidities, socioeconomic status, and family support) and missing data (i.e.,
41.71% provided outcome data).

b. Rated down one level for imprecision as the confidence intervals cross the threshold of no effect (i.e., MD=0), suggesting
both a possibility of a benefit or harm in the outcome.

c. Long Term Follow-Up: outcome measured at > 12 months follow-up.

d. Rated down three levels due to critical risk of bias because of lack of adjustment for important confounders in the two
included studies (i.e., psychiatric interventions, mental health comorbidities, socioeconomic status, and family support) and
missing data in one of the two included studies (i.e., 37% provided outcome data).

e. Statistically, there was considerable heterogeneity with 12=88% and p<0.01. However, we did not rate down for
inconsistency as this heterogeneity could be explained by the fact that one of the two included studies measured the outcome
only in natal female participants, while the other study measured the outcome in natal female and male participants.

f. Rated down one level for imprecision as the confidence intervals cross the threshold of no effect (i.e., SMD=0), suggesting
both a possibility of a benefit or harm in the outcome.

g. Rated down three levels due to critical risk of bias because of lack of adjustment for important confounders in the two
included studies (i.e., psychiatric interventions, mental health comorbidities, socioeconomic status, and family support) and
serious risk of bias due to deviation of intended intervention in one of the included studies (28.26% of the participants in the
no gender-affirming hormone therapy group were receiving puberty blockers or spironolactone as mono-therapy).

h. Statistically, there was moderate heterogeneity with 12=63% and p=0.03. However, we did not rate down for inconsistency
as this can be explained because one of the two included studies measured the outcome only in natal female participants,
while the other study measured in natal female and male participants.

i. Outcomes not measured: death by suicide, sexual dysfunction from a physiological perspective (i.e., lack of erection,
dyspareunia, problems related to dry and degenerated mucosal tissue, anorgasmia), bone density, cardiovascular events.
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2. Before-after studies

See Table 3 for summary of findings table.
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Gender dysphoria (GD): Meta-analysis suggested that GD, measured within the last
6 months with the Gender Preoccupation and Stability Questionnaire ranging from 14
to 70, was lower (SMD 0.26 lower [95% CI 1.64 lower to 1.13 higher], n = 2, very low
certainty) in NFs after receiving GAHT compared to before, although we are very

uncertain about the causal effect of the intervention on GD [21, 23].

Global function: Three studies reported global function using 3 different measures at

2 different timepoints.

Global function, measured within the last 6 months, may be higher (SMD 0.25 higher
[95% CI 0.09 higher to 0.4 higher], n = 2, very low certainty) in NFs after receiving
GAHT compared to before, although we are very uncertain about the causal effect of
the intervention on global function [23, 27]. See Appendices 15 and 16 for very low

certainty evidence about global function from studies not pooled with this evidence.

Depression: Four studies reported this outcome using 4 different scales. Due to
variability in measurement instruments, timepoints, and reporting, we could not include

all studies in a single meta-analysis.

A meta-analysis suggested that depression, measured within 18 to 24 months, may be
lower (SMD 0.41 lower [95% CI 0.65 lower to 0.17 lower], n = 2, very low certainty)
in NMs and NFs after receiving GAHT compared to before, although we are very

uncertain about the causal effect of the intervention on depression [20, 22]. See
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Appendices 15 and 16 for very low certainty evidence about depression from studies

not pooled with this evidence.

Sexual dysfunction: A study reported a linear regression analysis with no statistically
significant change in sexual dysfunction (i.e., vagina dryness or itch) reported by the
NFs after 6 months of receiving GAHT (b = -0.01, 95% CI -0.09, 0.8) and after 12
months of receiving GAHT (b= 0.053, 95% CI: -0.03, 0.13) compared to before the
intervention. This evidence was rated as low certainty; therefore, we are very uncertain

about the causal effect of the intervention on sexual dysfunction [28].

Bone mineral density (BMD): Six studies reported lumbar spine BMD, 3 studies

reported femoral neck BMD, and 3 studies reported hip BMD using z-scores and g/cm?.

Lumbar spine BMD, measured within the last 12 to 36 months with g/cm? may be
higher (0.01 higher [95% CI 0 higher to 0.01 higher], n=2, very low certainty) in NFs
receiving GAHT compared to before, although we are very uncertain about the causal

effect of the intervention on lumbar spine BMD [29, 32].

Femoral neck BMD, measured within the last 12 months assessed with the DXA, z-
scores ranging from -3 to 3, may not change (MC 0 [95% CI 0.01 lower to 0], n=1,
very low certainty) in NFs after receiving GAHT compared to before, although we are

very uncertain about the causal effect of the intervention on femoral neck BMD [32].
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Hip BMD, measured within the last 12 to 36 months with g/cm? was higher (0.01 higher
[95% CI 0.01 higher to 0.01 higher], n=1, very low certainty) in NFs receiving GAHT
compared to before, although we are very uncertain about the causal effect of the

intervention on hip BMD [32].

See Appendices 15 and 16 for very low certainty evidence about BMD from studies

not pooled with this evidence.

Table 3. Gender-affirming hormone therapy vs no gender-affirming hormone therapy:

evidence from before-after studies.

Anticipated absolute effects”

(95% CI)
Risk with
no gender- Risk with
affirming gender-affirming
hormone hormone
therapy therapy
Gender Dysphoria,
Short Term Follow-up
assessed with:
participant reported, The eVic!ence is very
Gender Preoccupation standardized 56 “Z;tf;rct:‘?ff‘gb;‘getrhe
ar.ld Sta.blht}{ T Gy 1R (1 non- @OOO affirming hormone
Questionnaire, higher - lower .
.. . 1.64 lower o randomised Very low" therapy on gender
scores indicate higher (1.641o study)'2 dysphoria at short term
levels of gender < L) follow-up in natal
dysphoria females.
Scale from: 14 to 70
follow-up: mean 6
months®
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Global Function, Short
Term Follow-up
assessed with:
participant reported,
various scales [RAND
Short Form-36 (SF-36)
Health Survey,
Symptom Checklist-90
Revised (SCL-90-R)
Global Severity Index],
higher scores indicate
better global function
Scale from: 0 to 100
follow-up: mean 6
months®

standardized
mean change 0.25
- higher
(0.09 higher to
0.4 higher)

73
(2 non-
randomised
studies)

®O00O

Very low®e!

The evidence is very
uncertain about the
effect of gender-
affirming hormone
therapy on global
function at short term
follow-up in natal
females.

Depression, Long Term
Follow-up
assessed with:
participant reported,
various scales [Beck
Depression Inventory,
Hospital Anxiety and
Depression Scale
(HADS)], higher scores
indicate worse
depression
follow-up: range 18
months to 24 months#

standardized
mean change 0.41
- lower
(0.65 lower to
0.17 lower)

389
(2 non-
randomised
studies)**

®O00O

Very low™

The evidence is very
uncertain about the
effect of gender-
affirming hormone
therapy on depression at
long term follow-up in
natal males and
females.

Sexual Dysfunction
(i.e., Vaginal Dryness or
Itch), Long Term
Follow-Up
assessed with:
participant report of
symptoms
follow-up: mean 12
months®

In 193 participants, a linear

regression analysis showed that

there was no change from baseline

in symptoms of vaginal dryness or

itch after receiving GAHT (b=
.053, 95% CI: -0.03, 0.13).

Kk

J.

193
(1 non-
randomised
study)®

®O00O

Very low'

The evidence is very
uncertain about the
effect of gender-
affirming hormone
therapy on sexual
dysfunction (i.e.,
vaginal dryness or itch)
at long term follow-up
in natal females.

Sexual Dysfunction
(i.e., Vaginal Dryness or
Itch), Short Term
Follow-Up
assessed with:
participant report of
symptoms
follow-up: mean 6
months®

In 193 participants (i.e., natal
females), a linear regression
analysis showed that there was no
change from baseline in
symptoms of vaginal dryness or
itch after receiving GAHT (b= -
0.01, 95% CI: -0.09, 0.8).

ik

193
(1 non-
randomised
study)®

®O00O

Very low'

The evidence is very
uncertain about the
effect of gender-
affirming hormone
therapy on sexual
dysfunction (i.e.,
vaginal dryness or itch)
at short term follow-up
in natal females.
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Bone Mineral Density -
Femoral Neck, Long The mean The evidence is very
Term Follow-up bone uncertain about the
assessed with: Dual- g[me.ral 199 effect of gender-
energy x-ray Fens1ty l- mean change 0 (1 non- @OOO affirming hormone
. emoral . .
absorptiomety (DXA), [Nyl L (0.01 lower to 0) randomlied Very low™ therapy on bone mineral
Z-scores Torm study) density - femoral neck
Scale from: -3 to 3 Folllorrms at lpng term follow-up
follow-up: mean 12 was 0.84 in natal females.
months®
Bone .Mineral Density - The mean
Hip, Long Term bone Gender-affirming
Follow-up Mineral mean change 0.01 199 hormone therapy may
assessed with: Dual- Density - higher (1 non- @OOO increase bone mineral
energy x-ray absorption Hip, Long (0.01 higher to randomised Very low™ density - hip, at long
(DXA), g/cm2 Term 0.01 higher) study)’ term follow-up slightly
follow-up: range 12 Follow-up in natal females.
months to 36 months# was 0.95
Bone Mineral Density - The mean
Lumbar Spine, Long bone Gender-affirming
Term Follow-up é\dinqal . oot 234 hormone btherapy ma};
s ensity - mean change 0. increase bone minera
assessed with: Dua@- Luml;gr highegr @ non- ®OOO density - lumbar spine,
energy x-ray absorption Spine, Long | (0 to 0.01 higher) rando-mlsﬁgd Very low™ at long term follow-up
(DXA), g/cm2 Team studies) slightly in natal
follow-up: range 12 Follow-up females.
months to 36 months# was 1.04
Other Outcomes - not =
measured”
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group
and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; MD: mean difference; OR: odds ratio; SMD: standardised mean difference
GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of
the effect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the
estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different
from the estimate of effect.
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Explanations

a. Short Term Follow-Up: outcome measured at < 6 months follow-up.

b. Rated down three levels due to risk of bias stemming from prognostic imbalance associated with the observational study
design and critical risk of bias due to missing data (i.e., 46.75% provided outcome data).

c. Rated down one level for imprecision because the optimal information size (OIS=200) was not met. Low sample size
importantly increases the risk of random error.

d. Rated down two levels due to risk of bias stemming from prognostic imbalance associated with the observational study
design and critical risk of bias due to missing data in one of the two included studies (i.e., 46.75% provided outcome data).
e. Statistically, there was considerable heterogeneity with 12=94% and p<0.01. However, we did not rate down for
inconsistency as the overall effect estimate was not importantly affected by the studies contributing to statistical
heterogeneity.

f. Rated down one level for indirectness because one of the two included studies reports the outcome only for natal females.
g. Long Term Follow-Up: outcome measured at > 12 months follow-up.

h. Rated down three levels due to risk of bias stemming from prognostic imbalance associated with the observational study
design, as well as critical and serious risk of bias due to missing data in the two included studies (i.e., 20% and 69% of
participants, respectively, provided outcome data).

i. Statistically, there was considerable heterogeneity with 12=100% and p<0.01. However, we did not rate down for
inconsistency as the overall effect estimate was not importantly affected by the studies contributing to statistical
heterogeneity.

j- GAHT: gender-affirming hormone therapy.

k. In the linear mixed model, time was as added categorical variable to detect changes in symptom scores between 0-3
months, 0-6 months, and 0-12 months of GAHT. Differences in changes in symptom scores between different administration
forms were corrected for baseline differences to avoid regression to the mean. An increase or decrease in symptom scores of
0.2 was considered clinically relevant.

1. Rated down three levels due to risk of bias stemming from prognostic imbalance associated with the observational study
design and critical risk of bias due to concerns with measurement of the outcome (i.e., subjective and self-reported outcome).
m. Rated down three levels due to risk of bias stemming from prognostic imbalance associated with the observational study
design and critical risk of bias due to missing data (i.e., 48% of participants provided outcome data).

n. Other outcomes: gender dysphoria, sexual dysfunction from physiological perspective (i.e., lack of erection, dyspareunia,
anorgasmia), cardiovascular events.
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3. Case series

See Table 4 for summary of findings table. One of the before-after studies reported data
about death by suicide only after the intervention and we classified it as case series for

that outcome [22].

Death by suicide: As retrieved from medical records, death by suicide within 24
months of receiving GAHT occurred in 2 of 315 NMs and NFs (0.6%); proportion
0.006 (95% CI1 0.001 to 0.018, n = 1, very low certainty). We are very uncertain about

the effects of GAHT on death by suicide [22].

Cardiovascular events: As retrieved from medical records, cardiovascular events
within 7 to 109 months of receiving GAHT occurred in 151 of 3875 NFs (3.9%);

proportion 0.04 (95% CI 0.03 to 0.05, n = 1, high certainty) [33].

Cardiovascular events: As retrieved from medical records, cardiovascular events
within 26 months of receiving GAHT occurred in 3 of 1893 NFs (0.2%); proportion

0.00 (95% C10.00 to 0.01, n = 1, moderate certainty) [34].

Table 4. Gender-affirming hormone therapy vs no gender-affirming hormone therapy:

evidence from case series.
Anticipated absolute effects”
(95% CI)
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Risk with no Risk with
gender- gender-
affirming affirming
hormone hormone
therapy therapy
The evidence is
ncertain
Death by Suicide, b the affoet
I;:;igf;gj No proportion 315 (;fff%frrrl:iirelr-
A comparison 6 per 1,000 0.006 (1 non- @OOO g
assessed with: . hormone therapy
medical records | &P (1to 18) (0.001 to randomlsled Very low ® on death by
follow-un: available 0.018) study) suicide at long
ollow-up: mean
24 months * t.erm follow-up
in natal males
and females.
Cardiovascular
Events, Long The proportion
Term Follow-Up of natal females
assessed with: No . roportion 3875 experiencin
- comparison 40 per 1,000 prop (1 non- PP D DS &
medical records, aroup (30 to 50) 0.04 randomised Hiot! cardiovascular
number of events available (0.03 to 0.05) study)? 12 events at long
follow-up: range term follow-up
7 months to 109 is 40 per 1,000.
months *°
Cardiovascular
Events, Long
Term Follow-Up The proportion
assessed with: No . 1893 of natal females
medical records, | comparison 0 per 1,000 proportion (1 non- @@@O experiencing
number of group (0 to 10) 0.00 randomised | Modorate & cardiovascular
o . . (0.00 to 0.01) 3 oderate events at long
participants with | available study) term follow-up
an event is 1 per 1,000.

follow-up: mean
26 months »¢

not measured ¢

Other Outcomes -

CI: confidence interval

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group
and the relative effect of the intervention (and its 95% CI).

the effect.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different
from the estimate of effect.
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Explanations

a. Long Term Follow-Up: outcome measured at > 12 months follow-up.

b. Rated down three levels for risk of bias due to lack of a comparison group.

c. Cardiovascular events include: stroke, myocardial infarction, and venous thromboembolism.

d. Cardiovascular events include: thromboembolism.

e. Rated down one level for indirectness because this study included natal males only.

f. We did not rate down for risk of bias because this outcome does not need a comparison group, as the study participants can
only experience this outcome if they have received the intervention.

g. Other outcomes not measured: gender dysphoria, global function, depression, sexual dysfunction from physiological
perspective (i.e., lack of erection, dyspareunia, problems related to dry and degenerated mucosal tissue, anorgasmia), bone
mineral density.
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DISCUSSION

This SR and meta-analysis synthesized the available evidence regarding the effects of
GAHT in young individuals with GD. Comparative observational studies provided
mostly very low certainty evidence for GD, global function, and depression. One study
provided low certainty evidence that depression may be lower in NMs and NFs who
received GAHT compared to those who did not. Before-after studies provided very low
certainty evidence. Case series provided very low certainty evidence on death by

suicide and high to moderate certainty evidence for cardiovascular events.

Although some may view our modification of the ROBINS-I tool as a limitation, we

strongly believe it produced similar conclusions than if we had used the original tool
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or alternatives, such as the Newcastle-Ottawa scale [37]. Given the widespread
methodological limitations in this field, any risk of bias tool would yield similar
conclusions. Comparative observational and before-after studies were at serious or
critical risk of bias due to missing data and deviation from intended intervention (i.e.,
administration of co-interventions). Case series, which lack a comparison group, were
at critical risk of bias due to measurement of the outcome. These studies should only
be used to generate hypothesis for more rigorous study designs, such as prospective

cohorts.

The target question of this SR and of the decision-makers considering these
interventions is: what are the effects of GAHT? In the absence of randomized
controlled trials or comparative observational studies, case series and before-after
studies provide the best available evidence to answer this question. While these study
designs answer single-group questions (e.g., what is the functional status among people
who received GAHT), they are limited in assessing intervention effects (e.g., whether
functional status is better in people who received GAHT than those who did not). We
accounted for these limitations, and assessed the certainty of the available evidence

following current methodological standards [38].

We rated down the certainty of the evidence mostly because of risk of bias and

imprecision, often resulted from an insufficient sample size, for most outcomes and

study designs. We did not find evidence about sexual dysfunction in NMs.
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The overarching theme from this and other SRs on GAHT is the lack of high-quality
evidence for individuals with GD. Unlike this SR, other reviews did not assess the

certainty of evidence for each outcome.

Taylor et al included studies with individuals 18 years and below, rating most studies
as low to moderate quality using the Newcastle-Ottawa Scale. They found limited
evidence on GD, body satisfaction, psychological and cognitive outcomes, and
infertility [39]. Doyle et al reported on psychosocial functioning changes after GAHT
among transgender individuals of all ages. They concluded that risk of bias, assessed
with the Newcastle-Ottawa Scale, varied among studies. Small sample sizes and

unadjusted confounders limited the ability to draw causal inferences [40].

Van Leerdam et al concluded that GAHT may reduce GD, body dissatisfaction, and
uneasiness, subsequently improving psychological well-being and quality of life in
transgender individuals of all ages [41]. They rated the evidence as low to moderate in
quality, based on longitudinal cohort and cross-sectional studies, without clarifying
their rating methods. Chew et al suggested that GAHT helps adolescents achieve
intended physical effects, with limited evidence on its psychosocial and cognitive
impact [42]. Further, a SR by Connelly et al concluded that current data are insufficient

to determine GAHT’s impact on blood pressure in transgender individuals [43].

Across all these SRs, the findings highlight methodological limitations, low-quality

evidence, and important gaps in evidence.
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The evidence about the effects of GAHT in individuals under the age of 26
experiencing GD is predominantly very low certainty, with lack of moderate and high
certainty evidence about the effects of this intervention. This information is crucial for
patients, caregivers, clinicians, guideline developers, and policymakers involved in
treatment decisions. Beyond evidence certainty, decision-making should consider other
factors, including the magnitude and consequences of potential benefits and harms,
patients’ and caregivers’ values and preferences, resource use, feasibility, acceptability,
and equity [44]. Guideline developers and policy makers must transparently state
which and whose values they prioritize when developing treatment recommendations

and policies.

Strengths and limitations of the review process

This SR and meta-analysis has multiple strengths. We rigorously followed the highest
methodological standards, we assessed the risk of bias for each study using the
ROBINS-I tool, and evaluated the certainty of the evidence for each outcome using the
GRADE approach. A limitation of our review is the inclusion of only English-language
studies, though we do not expect this to fundamentally alter our conclusions. Due to
feasibility considerations, we prioritized specific outcomes and could not address
others that may be important to readers, such as regret, anxiety, pelvic pain, or cancers

(e.g., breast, gynecological, prostate, and colon cancer).
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CONCLUSION

The best available evidence reporting on the effects of GAHT in individuals
experiencing GD ranged from moderate to high certainty for cardiovascular events in
case series studies, and mostly very low certainty for the outcomes of GD, global
function, depression, sexual dysfunction, BMD, and death by suicide in comparative
observational, before-after and case series studies. We did not find evidence on NM
sexual dysfunction. The evidence found in this SR and meta-analysis does not exclude
the possibility of benefit or harm upon receipt of GAHT. Prospective studies yielding
higher certainty evidence are needed to understand the short- and long-term effects of

GAHT.

Supplemental material

A supplemental appendix to this article is available online.
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ABSTRACT

Background: Gender dysphoria (GD) refers to psychological distress associated with
the incongruence between one’s sex and one’s gender. In response to GD, birth-
registered females may choose to undergo mastectomy. In this systematic review, we

summarize and assess the certainty of the evidence on the effects of mastectomy.

Methods: We searched MEDLINE, Embase, PsycINFO, Social Sciences Abstracts,
LGBTQ+ Source, and Sociological Abstracts through June 20, 2023. We included
studies comparing mastectomy to no mastectomy in birth-registered females under 26
years of age with GD. Outcomes of interest included psychological and psychiatric
outcomes, and physical complications. Pairs of reviewers independently screened
articles, abstracted data, and assessed risk of bias of the included studies. We performed

meta-analysis and assessed the certainty of the evidence using the GRADE approach.

Results: We included 39 studies. Observational studies (n=2) comparing mastectomy
to chest binding provided very low certainty evidence for the outcome of GD. One
observational study comparing mastectomy to no mastectomy provided very low
certainty evidence for the outcomes global functioning and suicide attempts, and low
certainty evidence for the outcome non-suicidal self-injury (aOR 0.47 [95% CI 0.22 to
0.97]). Before-after (n=2) studies provided very low certainty evidence for all
outcomes. Evidence from case series (n=34) studies ranged from high to very low

certainty.
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Conclusion: Case series studies demonstrated high certainty evidence for the
outcomes of death, necrosis, and excessive scarring, however, these studies are limited
in methodological quality. In comparative and before-after studies the evidence ranged

from low to very low certainty, and therefore does not exclude the possibility of benefit

or harm.
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INTRODUCTION

The concept of gender dysphoria (GD), introduced in The Diagnostic and Statistical
Manual of Mental Disorders Fifth Edition (DSM-5), denotes psychological distress
arising from incongruence between one’s sex and one’s gender identity [1]. A similar
condition of “Gender Incongruence” exists in the World Health Organization’s
International Classification of Diseases, Eleventh Edition (ICD-11), referring to
discordant birth and experienced gender, with or without distress. GD includes “Gender
Dysphoria in Childhood” and “Gender Dysphoria in Adolescents and Adults”. In both,
the incongruence must persist for at least six months causing distress or impairment in

social, school, or occupational functioning, and at least two symptoms [1].

In response to GD, birth-registered females may opt for mastectomy. The primary
surgical goal is to achieve a masculine aesthetic chest. Although additional surgical
modalities are incorporated for chest masculinization, subcutaneous mastectomy is
considered paramount for both optimal aesthetic outcomes and the comprehensive

surgical treatment of GD [2].

Some studies suggest improvement in GD, psychological symptoms, quality of life,
and sexual function by combining hormonal and surgical interventions [2, 3]. Studies
examining transgender male chest reconstruction include surgeon-reported outcomes
(e.g., surgical complications), patient-reported outcomes (e.g., psychological well-
being), and preoperative breast morphology-based treatment approaches to minimize

complications [2, 4-6].

127



Ph.D. Thesis — Anna Miroshnychenko; McMaster University — Health Research
Methodology

As interest in gender-affirming surgery grows, an understanding of outcomes is
essential for counseling patients seeking these treatments during the decision-making
process to ensure informed consent. During these conversations, patients often consider
suicidality, GD recurrence, other psychiatric diagnoses, post-operative complications,
and satisfaction [7, 8], ideally evaluating these outcomes in the short- and long-term.
Knowing the best available evidence about the effects of mastectomy in gender
reassignment is essential to inform patients, develop practice guidelines, and identify

areas for future research.

Currently, there is no systematic review (SR) and meta-analysis assessing the
psychological and physical effects of mastectomy in individuals with GD that follows
the latest methodological guidance for conducting such publications. The aim of this
SR and meta-analysis was to summarize the evidence about the psychological and

physical effects of mastectomy in individuals with GD under 26 years of age.

METHODS

We report this SR and meta-analysis following the guidance of the preferred reporting
items for systematic reviews and meta-analyses (PRISMA) checklist [9] (Appendix,
Supplemental Digital Content 1). We registered the protocol in PROSPERO

(registration ID: CRD42022324741).

Eligibility criteria

The eligibility criteria are detailed in Table 1.
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Table 1. Eligibility criteria.

Types of studies | We included randomized clinical trials, comparative
observational studies, and before-after studies addressing the
intervention and comparison of interest. We also included case
series addressing the intervention of interest. We included peer

reviewed publications in English language.

Population We included individuals under 26 years, who were diagnosed
with, experienced, self-identified, or were identified by a
parent as having GD, gender identity disorder or gender
incongruence, or who identified as transgender or non-binary.
We included studies with participants of mean age below 26
years at the time of mastectomy. We selected this age
threshold because individuals 25 years of age and below
represent children and adolescents, and adolescents or youth
are commonly thought to extend to the mid-twenties. For
instance, the Centers for Disease Control and Prevention
(CDC) and the United Nations (UN) regard youth as 14-24
years old. In order to be inclusive of individuals who are
slightly above 25, approaching 26, we decided to include all
individuals below 26 years of age. Based on clinical expertise,
there is no important difference in surgical complications (i.e.,

physical complications) between individuals who are below 26
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years and those between 27 to 30 years. Therefore, we
included studies with participants having a mean age below 30
years at the time of mastectomy, reporting on physical

complications.

Intervention

We included studies assessing the effects of mastectomy (all
types) and/or breast reduction (all types). We defined
mastectomy as stated by authors or as a surgery to remove all
breast tissue. We defined breast reduction as stated by authors
or as removal of skin and tissue from the breast, followed by

reshaping and elevating to create a smaller breast size.

Comparator

The comparator of interest was no mastectomy (e.g.,
psychological therapy, chest binding). We defined breast
binding as stated by authors or as a process of compressing the

breast tissue to achieve a flatter chest contour.

Outcomes

We included studies reporting on the following outcomes at
any time point: quality of life, global functioning, depression,
death by suicide, physical complications (i.e., death, necrosis,
postsurgical persistent pain, persistent numbness, excessive
scarring), shortness of breath, rib pain, and back pain,
GD/incongruence, suicide attempts, non-suicidal self-harm,
inpatient psychiatric hospitalizations, substance use/abuse

changes or incidence, regret, and satisfaction with chest/body.
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Information sources and search strategy

With support from an information specialist (RC), we searched in MEDLINE, Embase,
PsycINFO, Social Sciences Abstracts, Contemporary Women’s Issues, LGBTQ+
Source, Sociological Abstracts, Studies on Women, Gender Abstracts, and Google
Scholar from inception to April 2023. Search strategies are included in Appendix,

Supplemental Digital Content 2.

Study selection

Using Covidence software (https://www.covidence.org/), a pair of trained reviewers
(SI, YR) independently screened titles and abstracts, and full texts of studies identified

as eligible. A third reviewer (AM) resolved conflicts.

Data collection

For each eligible study, a pair of trained reviewers (SI, YR) independently extracted
data using a standardized, piloted data extraction form. Reviewers collected
information on study characteristics and participants, interventions, and outcomes of
interest. Within a single study, if multiple time points were reported, we chose the
longest. Reviewers discussed and resolved discrepancies, involving a third reviewer

(AM) when necessary.

Risk of bias of individual studies
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For each eligible study and outcome, a pair of trained reviewers (SI, YR) used a
modified version of the Cochrane risk of bias tool for non-randomized studies of
interventions (ROBINS-I) [10] and assessed studies as (a) low risk of bias; (b)
moderate risk of bias; (c) high risk of bias; or (d) critical risk of bias, across several
domains (Table, Supplemental Digital Content 3). For randomized clinical trials, we
planned to use the revised Cochrane risk of bias tool for randomized trials [11].
Reviewers discussed and resolved discrepancies, involving a third reviewer (AM)

when necessary.

Data synthesis

Although study authors used various observational study designs, we classified studies
according to how their data was analyzed for this review. We considered studies to be
comparative observational if they reported outcome data on an intervention group
compared to an independent group, before-after design if the study presented outcome
data collected prior to and after the intervention in the same group of people, and case

series if it only provided data after the intervention in one group of people.

To summarize intervention effects, we used odds ratios for dichotomous outcomes in
comparative observational and before-after studies, and proportions in case series. For
continuous outcomes, we employed mean difference in comparative observational
studies, mean change in before-after studies, and mean in case series. When calculating
mean change, due to lack of data from study authors, we imputed a moderate

correlation coefficient (r=0.5). We calculated 95% confidence intervals (CI) around all
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estimates. When studies reported the same outcome using varied scales, we converted

these data to the scale most frequently reported [12].

When clinically appropriate according to experts (KD, CMK, SM), we conducted
meta-analyses of studies addressing the same outcome using a random-effects model
and weighting the studies according to the inverse of their variance. We conducted

these analyses using the meta [13] and metafor [14] packages in R Studio Version 4.2.

Certainty of the evidence

We were interested in addressing a causation question (i.e., what are the effects of
mastectomy and/or breast reduction). We assessed the certainty of the evidence using
the grading of recommendations assessment, development, and evaluation (GRADE)
approach [14]. For each comparison and outcome, a pair of methodologists with
experience in GRADE (SI, YR) rated each domain independently, resolving
discrepancies by consulting a third methodologist (AM). We rated the certainty as high,
moderate, low, or very low. All bodies of evidence started as high certainty [15], and
could be rated down due to risk of bias, inconsistency, indirectness, imprecision, and
publication bias; or rated up when a large magnitude of effect was found, a dose-
response relationship, or when all plausible confounders or other biases increased our

confidence in the estimated effect [16].

Even if the studies met the mean age eligibility criteria (below 26 years), when
addressing indirectness, we rated down the certainty of the evidence if less than 60%

of participants were below 26 years of age at the time of undergoing mastectomy or
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breast reduction for all outcomes (except physical complications) and rated down the
certainty of the evidence if less than 60% of participants were below 30 years of age

for physical complications outcomes.

Following GRADE guidance when risk of bias at the study level is assessed using the
ROBINS-I tool, in observational comparative studies, we rated down the certainty of
the evidence up to three levels due to the risk of prognostic imbalance at the outcome
level [15]. In case series, for outcomes needing a comparison group to assess the effect
of mastectomy (i.e., quality of life, depression, death by suicide, body satisfaction,
chest satisfaction), we rated down three levels due to the lack of a comparison group.
For outcomes not needing a comparison group (i.e., death, necrosis, persistent
numbness, scarring, postsurgical persistent pain, regret), we did not rate down for this

reasomn.

We used a null effect threshold to rate the certainty of the benefit or harm of undergoing
mastectomy over breast reduction or no mastectomy. We used GRADEpro [17] to

create summary of findings tables.

Subgroup and sensitivity analyses

We planned the following subgroup analyses if at least two studies per subgroup were
available: early onset of puberty vs late onset of puberty, childhood-onset GD vs
pubertal/post-pubertal onset GD; recent-onset of GD vs several years long GD;
psychiatric/neuropsychiatric diagnosis Vs uncomplicated by

psychiatric/neuropsychiatric diagnosis; clinical vs community populations; diagnosed
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vs self-reporting of GD; transmasculine versus other identifications; gynephilic vs
others (i.e., androphilic). We planned to use the Instrument for Credibility of Effect
Modification Analyses (ICEMAN) to assess the credibility of subgroup effects [18].
Due to data availability, we could not perform subgroup analyses. To calculate mean
change, we conducted sensitivity analyses by imputing correlation coefficients (r=0.2

and r=0.8) as study authors did not provide them.

RESULTS

After screening 1302 titles and abstracts, we included 39 studies. Figure 1 shows the
results of the selection process. We present reasons for exclusion at the full text

screening stage (n=138) in Figure 1 and Table, Supplemental Digital Content 4.
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Figure 1. Study identification and selection flowchart.
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Characteristics of included studies

Of 39 included studies, 3 were comparative observational, 2 were before-after, and 34
were case series (Figure 1) [19-57]. Due to the complexity and limitations on reporting,

we could not classify comparative observational studies as cross-sectional or cohort.

The mean (SD) age of participants at the time of surgery ranged from 17.2 (1.54) to
29.1 (9.5), and the median (range) age ranged from 16 (12-17) to 28 (21-49). We
present characteristics of included studies in Table, Supplemental Digital Content 5.
Table, Supplemental Digital Content 6 describes outcome measurement scales and

their interpretability.

Risk of bias in included studies

Across comparative observational studies, the domain most frequently judged as
serious or critical risk of bias, was confounding. Before-after studies were at critical
risk of bias due to confounding, representativeness of the sample (i.e., only a proportion
of eligible participants were included) and missing outcome data. Case series studies
were at critical risk of bias due to confounding, representativeness of the sample (i.e.,
only a proportion of eligible participants were included), missing outcome data, and

measurement of outcome (Appendix, Supplemental Digital Content 7).

Effects of interventions
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We describe the effects of the interventions according to study design and comparisons.
Only one study presented data at multiple time points, the effect estimates were not
considered to be importantly different between these time points [34]. Appendix,

Supplemental Digital Content 8 displays forest plots of meta-analyses.

1. Comparative observational studies

1.1 Mastectomy versus chest binding

We could not perform meta-analyses. There was very low certainty evidence for GD
related to the chest [42], and for body and chest satisfaction, [54]. See Table,

Supplemental Digital Content 9 for details.

2.2 Mastectomy versus no mastectomy

We could not perform meta-analyses. There was very low certainty evidence about
psychological distress (surrogate outcome for global functioning), and suicide attempts
[50]. Low certainty evidence suggested that individuals who underwent mastectomy
had 0.47 times the odds of non-suicidal self-injury (measured with an item from the
Aoteorana/New Zealand Youth' 12 survey) than those who did not (aOR 0.47 [95% CI
0.22 to 0.97], low certainty) [50]. See Table, Supplemental Digital Content 10 for

details.

2. Before-after studies
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2.1 Mastectomy compared to no mastectomy (i.e., no intervention): We could not
perform any meta-analyses. There was very low certainty evidence about quality of
life, depression, GD related to the chest, GD, postsurgical persistent pain, chest

satisfaction, and body satisfaction. See Table, Supplemental Digital Content 11.

Sensitivity analyses using different imputed correlation coefficients provided similar

results (Appendix, Supplemental Digital Content 12).

3. Case series (addressing mastectomy)

3.1 Outcomes needing a comparison group to assess the effect of mastectomy:

There was very low certainty evidence about quality of life, depression, death by
suicide, body satisfaction and chest satisfaction. See details in Table, Supplemental

Digital Content 13.

3.2 Outcomes not needing a comparison group to assess the effect of mastectomy:

3.2.1 Death: A meta-analysis of five studies found that the number of people who
undergo mastectomy that results in death is 0 per 1,000 (proportion 0 [95% CI 0 to 0],

high certainty) [24, 26, 30, 45, 48].

3.2.2 Necrosis: A meta-analysis of eight studies found that the number of people who
undergo mastectomy with complete and partial nipple/areola/nipple-areola
complex/nipple graft necrosis is 30 per 1,000 (proportion 0.03 [95% CI 0.01 to 0.07],

high certainty) [25, 26, 29, 33, 34, 37, 45, 46]. A meta-analysis of 13 studies showed
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that the number of people who wundergo mastectomy with complete
nipple/areola/nipple-areola complex/nipple graft necrosis is 20 per 1,000 (proportion
0.02 [95% CI 0.01 to 0.03], high certainty) [19, 20, 27, 28, 31, 35, 36, 38-40, 44, 47,
48]. A meta-analysis of 11 studies suggested that the number of people who undergo
mastectomy with partial nipple/areola/nipple-areola complex/nipple graft necrosis may
be 20 per 1,000 (proportion 0.02 [95% CI 0.01 to 0.04], low certainty) [20, 23, 32, 39,

41, 44, 47-49, 52, 56].

A meta-analysis of three studies showed that the number of people who undergo
mastectomy with complete flap necrosis is 10 per 1,000 (proportion 0.01 [95% CI 0.00
to 0.03], high certainty) [36, 41, 48]. A single study suggested that the number of people
who undergo mastectomy with partial flap necrosis is 0 per 1,000 (proportion 0.00

[95% CI1 0.00 to 0.04], low certainty) [48].

When reported per breast, a meta-analysis of three studies showed that the number of
people who undergo mastectomy with complete nipple/areola/nipple-areola
complex/nipple graft necrosis is 20 per 1,000 (proportion 0.02 [95% CI 0.00 to 0.07],
high certainty), and the number of people who undergo mastectomy with partial
nipple/areola/nipple-areola complex/nipple graft necrosis may be 40 per 1,000

(proportion 0.04 [95% CI 0.00 to 0.29], low certainty) [22, 43, 57].

3.2.3 Scarring: A meta-analysis of 12 studies suggested that the number of people who
undergo mastectomy with hypertrophic scarring is 50 per 1,000 (proportion 0.05 [95%

CI 0.03 to 0.08], high certainty) [21, 22, 28, 36, 39, 40, 45-47, 49, 51, 56].
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The evidence reporting on fat necrosis, complete and partial nipple/areola/nipple-
areola complex/nipple graft necrosis (reported per breast), have partial/full tissue loss
(reported per breast) persistent numbness, keloid scarring, unclassified scarring,
postsurgical persistent pain, and regret was very low certainty. See details in Table,

Supplemental Digital Content 13.

DISCUSSION

This SR and meta-analysis synthesizes and appraises the best available evidence about
the effects of mastectomy or chest masculinization. Comparative observational studies
provided low to very low certainty evidence. Before-after studies provided very low
certainty evidence. In case series studies, the certainty of the evidence ranged from

high to very low for all outcomes.

Risk of bias in comparative observational studies were at critical risk of confounding.
Before-after studies were at moderate to serious risk of bias due to confounding and
missing outcome data. Case series studies were at moderate to critical risk of bias
related to representativeness of the sample, missing outcome data, measurement of
outcomes, and lack of a comparison group (at the outcome level). The results from case
series studies have limited applicability to the larger GD population. Therefore, these
findings should be used strictly for hypothesis generation for studies of stronger

methodological design.

Risk of bias, indirectness, and imprecision were the primary reasons for rating down

the certainty of the evidence for most outcomes, comparisons, and study designs.
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Indirectness often resulted from less than 60% of participants being of the eligible mean
age of 26 years and having full support of caregivers, which we believe does not
represent the majority of individuals undergoing gender-affirming treatments.

Imprecision often resulted from an insufficient sample size.

We did not find data for the outcomes of shortness of breath, rib pain, back pain,
inpatient psychiatric hospitalization, and substance use/abuse. These outcomes are
likely important to patients with GD and clinicians involved in their care. Therefore,
emerging studies evaluating mastectomy in this population should assess these
outcomes. Further, due to feasibility concerns, we were unable to include the following
outcomes that were considered relevant to clinical practice: revision due to
complications, sexual function/satisfaction, internalizing disorders, externalizing
disorders, eating disorders, suicidal ideation, relationships (family/peers),
academic/occupational functioning, subsequent surgical/medical transition, age of
commencement of puberty blockers and/or cross-sex hormones. Future SRs assessing
the effects of mastectomy in individuals with gender dysphoria should consider these

outcomes when devising review methodology.

This is the first SR and meta-analysis to include psychological and physical outcomes
following mastectomy in individuals experiencing GD. In 2019, a SR assessing the
effects of mastectomy in transgender individuals was published and included 22
articles and 2447 patients [58]. This review found limited evidence about aesthetic
satisfaction and surgical complications (i.e., nipple necrosis, hematoma, and

hypertrophic scarring) and stated that evidence regarding psychological outcomes is
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missing, perhaps due to lack of validated tools to measure these outcomes in this patient
population. In 2022, a SR assessing the effects of gender-affirming surgery included
35 publications assessing mastectomy in transgender individuals [59]. Similar to the
review by Cohen et al, this review presented limited data about cosmetic satisfaction
and surgical complications (i.e., complication rate, hematoma, and rate of reoperation)
and did not report data on the psychological outcomes. Both of the aforementioned SRs
did not assess the risk of bias in the included publications and the certainty of the
evidence for each outcome of interest. Interpretation of the results of both SRs would
be highly dependent on the assessment of risk of bias and certainty of the evidence due

to various methodological limitations (i.e., heterogeneity) across the included studies.

Given the predominantly very low certainty evidence on mastectomy effects in
individuals below 26 years of age with GD, factoring in both the available evidence
and the values and preferences of patients and caregivers is important when making
practice recommendations, as well as clinical and policy decisions for this group.
Guideline developers and policy makers should be transparent about whose values they
are prioritizing when making recommendations and policy decisions. Other

considerations may include resource use, acceptability, feasibility, and equity [60].

Strengths and limitations of the review process

This SR and meta-analysis has multiple strengths. We rigorously followed the highest
methodological standards throughout the process. We assessed the risk of bias for each

study and the certainty of the evidence for each outcome using current methods. We
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performed analyses and interpreted results following GRADE guidance. A limitation
was the inclusion of only English-published studies; however, we do not anticipate

important changes to our conclusions by adding studies in other languages.

CONCLUSION

The best available evidence reporting the effects of mastectomy in individuals with GD
ranged from high to very low certainty. High certainty evidence from prospective
cohort studies and, if ethical, randomized controlled trials, are needed to understand
the short- and long-term effects of mastectomy in individuals with GD on physical and
psychological outcomes. Higher certainty evidence would be tremendously useful to
individuals with GD considering chest masculinization; clinicians and surgeons
involved in their care; guideline developers; and policy makers and stakeholders who

make decisions about treatment related to GD.

Supplemental material

A supplemental appendix to this article is available online.
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CHAPTER 6: DISCUSSION AND OPPORTUNITIES FOR FUTURE
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OBJECTIVE AND OVERVIEW

The objective of this thesis is to illustrate and discuss the standard, intermediate and
advanced syntheses methods used to inform decision making about the use of opioids
and analgesics for acute dental pain and gender-affirming treatments for ~ gender

dysphoria. This thesis is based on four peer-reviewed publications that illustrate the
application of these methods: two publications assessing the effects of analgesics for
the management of acute dental pain and two publications assessing the effects of
interventions to manage gender dysphoria. This discussion summarizes the standard,
intermediate, and advanced methods used in each of these publications, highlights
important findings of these publications, and suggests a future direction for research

about acute dental pain and gender dysphoria.

CLASSIFICATION OF METHODS

There is no widely agreed upon definition of standard methods in systematic reviews.
For this thesis, we defined “standard methods” as any methods for conducting an
evidence synthesis that are taught in the HRM 743 Systematic Review Methods course.
We chose the HRM 743 course, as it was developed by Dr. David Sacket and Dr.
Gordon Guyatt, who coined the term evidence-based medicine. The course continues
to be updated and taught by the faculty members within the Health Research
Methodology program at McMaster University who are world-renowned experts in
conducting evidence syntheses. The methods taught within the HRM 743 course align

with all methods mentioned in the Methodological Expectations of Cochrane

152



Ph.D. Thesis — Anna Miroshnychenko; McMaster University — Health Research
Methodology

Intervention Reviews [1] and PRISMA Checklist [2] globally used to monitor reporting
quality of systematic reviews and meta-analyses. Further, the course teaches methods
that minimize risk of bias in systematic reviews and meta-analyses measured by the
AMSTAR 2 [3] and ROBIS [4] tools. Most researchers around the world use these
tools when designing, conducting, and reporting systematic reviews and meta-analyses.
We define “intermediate methods” as any methods for conducting an evidence
synthesis that are not explicitly taught with the lectures of the HRM 743 Systematic
Reviews course but may be used by some students in the course with the guidance of
their mentors. We define “advanced methods” as any methods for conducting an
evidence synthesis that are beyond the scope of the HRM743 Systematic Reviews
course. Further, we define advanced methods as any methods that employ artificial
intelligence (AI). We define non-standard methods as any intermediate and advanced

methods.

EVIDENCE SYNTHESIS: ACUTE DENTAL PAIN

According to the published statistics, acute pain associated with tooth extraction or
following tooth extraction has been and continues to be one of the most common
symptoms managed by dental professionals. In the United States of America, acute
dental pain was estimated to affect 30% of the population each year, while in Canada
it affects 11.7% each year [5-7]. Due to the high prevalence of dental pain among North
Americans and the abundance of therapeutics available to manage acute dental pain,
we anticipated to find a large number of prospective studies, specifically randomized

controlled trials (RCTs), assessing the effectiveness of these therapeutics.
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As there are many interventions available to manage acute dental pain, we aimed to
determine the comparative effectiveness of the most frequently used analgesics,
including acetaminophen, NSAIDs, and opioids, through a systematic review and
network meta-analysis. In terms of continuous outcomes, in collaboration with the
clinical experts, we included pain relief, total pain relief (TOTPAR), summed pain
intensity difference (SPID), and global efficacy rating. With respect to the dichotomous
outcomes, we included neurological and gastrointestinal adverse effects. In this
systematic review and network meta-analysis, we only included randomized controlled

trials.

Publication 1. Acute postoperative pain due to dental extraction in the adult

population: A systematic review and network meta-analysis

Standard Methods

The first evidence synthesis, a systematic review and network meta-analysis, compared
the effectiveness of acetaminophen, non-steroidal anti-inflammatory drugs (NSAIDs),
and opioids to each other and placebo when managing acute postoperative pain. We
used standard methods when searching databases to find relevant articles for inclusion.
We searched databases including Medline, EMBASE, CENTRAL, and US Clinical
Trials registry. In terms of data synthesis, according to standard methods, when studies
reported the same outcome using scales with different ranges, we converted data to the
scale most commonly reported before conducting analyses. Further, when standard

deviation (SD) was not reported, we calculated SD using standard error, confidence
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intervals, means, and sample sizes. With respect to risk of bias, for each eligible trial
and outcome, pairs of reviewers, following training and calibration exercises,
independently used the Cochrane tool to assess the risk of bias in randomized
controlled trials (RoB 2.0). We used standard methods when reporting conflicts of
interest by stating any conflicts of interest of manuscript authors at the end of the

manuscript, according to the guidelines of the manuscript journal.

Intermediate Methods

The purpose of the first publication was to support the process of informing a clinical
practice guideline, which was considered an intermediate method. The research
question of the first publication aimed to compare multiple interventions to each other
and to placebo, which was also considered an intermediate method. In terms of data
synthesis, when standard error, confidence intervals, means, and sample sizes were not
reported, we imputed SD by choosing a median SD of three studies with similar means.
In terms of risk of bias, we used intermediate methods when we changed the response
options to better capture educated guesses whether the bias was probably low or
probably high. We changed response options from (1) low, (2) high, (3) some concerns
to (1) low, (2) probably low, (3) probably high, (4) high (See Appendix 1 for sample
of risk of bias assessment). With respect to certainty of the evidence, in collaboration
with a research panel consisting of 20 professionals, we selected and used a single
threshold approach to rate the certainty that there was an important effect, using a
threshold of 10% of the length of the scale as the minimally important difference for

continuous outcomes and 10% of baseline risk for dichotomous outcomes.
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Advanced Methods

For the first publication, we used advanced methods for data synthesis by performing
frequentist network meta-analysis (NMA) for all outcomes. We used Grading of
Recommendations Assessment, Development and Evaluation (GRADE) guidance for
network meta-analyses and used an automated tool to rate the certainty of the evidence
for direct, indirect, and network estimates of effect. For direct estimates, we assessed
risk of bias, inconsistency, indirectness, publication bias, and imprecision. For indirect
estimates, we assessed transitivity and imprecision. For network estimates, we assessed
incoherence and imprecision. In terms of data interpretation, to draw conclusions, we
classified interventions in groups from the most to the least effective by considering
the estimates of effect and the certainty of the evidence. For data presentation, we used
tables to organize interventions from the most to the least effective that include the
estimates of effect and the certainty of the evidence ratings using a colour coding
system (See Appendix 2). Green, yellow, and red colours indicated high and moderate
certainty evidence, and light, moderate, and dark grey indicated low and very low
certainty evidence. Red and dark grey colours indicated that an intervention is no better
than placebo, yellow and moderate grey colours indicated that an intervention is better
than placebo but no better than other interventions, and green and light grey colours
indicated that an intervention is better than placebo and some alternatives. See Table 1
and 2 for a summary of standard, intermediate and advanced methods used to assess
the comparative effectiveness of acetaminophen, non-steroidal anti-inflammatory

drugs, and opioids in adults with acute postoperative pain due to dental extraction.
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Table 1. The standard, intermediate, and advanced methods used to assess the
comparative effectiveness of acetaminophen, non-steroidal anti-inflammatory drugs,
and opioids in adults with acute postoperative pain due to dental extraction.

Systematic
review stage

Method

Type of
method

Purpose of the
review

To support the process of informing a clinical
practice guideline

Intermediate

Research
question

Multiple comparison question

Intermediate

Search/Data
collection

Searched Medline, EMBASE, CENTRAL, and
US Clinical Trials Registry

Standard

Data synthesis

When studies reported the same outcome using
scales with different ranges, converted data to
the scale most commonly reported

When standard deviation (SD) was not reported,
calculated SD using standard error, confidence
intervals, means, and sample sizes

Standard

When standard error, confidence intervals,
means, and sample sizes were not reported,
imputed SD by choosing a median SD of 3
studies with similar means

Intermediate

Performed frequentist NMAs for all outcomes

Advanced

Risk of bias

For each eligible trial and outcome, pairs of
reviewers, following training and calibration
exercises, independently used RoB 2.0 tool to
assess risk of bias in randomized controlled trials

Standard

Changed the response options to better capture
educated guesses whether the bias was probably
low or probably high

Changed response options from (1) low, (2)
high, (3) some concerns to (1) low, (2) probably
low, (3) probably high, (4) high

Intermediate

Certainty of
the evidence

In collaboration with a research panel consisting
of 20 professionals, selected and used a single
threshold approach to rate the certainty that there
was an important effect, using a threshold of
10% of the length of the scale as the minimally
important difference for continuous outcomes
and 10% of the baseline risk for dichotomous
outcomes

Intermediate
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Used GRADE guidance for network meta- Advanced
analyses and used an automated tool to rate the

certainty of the evidence for direct, indirect, and
network estimates of effect

Data To draw conclusions, classified interventions in | Advanced
interpretation | groups from the most to the least effective by
considering the estimates of effect and the

certainty of the evidence

Data Using a color-coding system, organized Advanced
presentation interventions from the most to the least effective
by considering the estimates of effect and the

certainty of the evidence ratings

of conflicts of
interest

Reporting and | Reported any conflicts of interest of manuscript | Standard
management authors at the end of the manuscript

Table 2. The non-standard methods used to assess the comparative effectiveness of
acetaminophen, non-steroidal anti-inflammatory drugs, and opioids and its
corresponding standard methods.

Evidence syntheses
methods

Standard methods (not used
in this publication)

Non-standard methods (used
in this publication)

Purpose of the
review

To answer an effectiveness
question

To support the process of
informing a clinical practice
guideline

Research question

Single comparison

Multiple comparison

evidence assessment

the certainty of the
evidence from a pairwise
meta-analysis

question question
Analysis e Conducting a pairwise e Conducting a network meta-
meta-analysis to assess the analysis to assess the
effectiveness of one comparative effectiveness of
therapeutic to another or multiple therapeutics to each
placebo other or placebo
Risk of bias e Use of original response e Changing response options
options: (1) low, (2) high, from (1) low, (2) high, (3)
(3) some concerns some concerns to (1) low,
(2) probably low, (3)
probably high, (4) high in
order to better capture
educated guesses whether
the bias was probably low or
probably high
Certainty of the e Using GRADEprotorate |e Using GRADE guidance for

direct, indirect, and network
meta-analysis and using an
automated tool to rate the
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e Selecting and using a certainty of the evidence for
single threshold approach direct, indirect and network
to rate the certainty that estimates of effect
there was an important e In collaboration with a
effect by searching the research panel, selecting and
literature and/or consulting using a single threshold
an expert in the field approach to rate the

certainty that there was an
important effect, using a
threshold of 10% of the
length of the scale as the
minimally important
difference for continuous
outcomes and 10% of the
baseline risk for
dichotomous outcomes
Data interpretation/ | ¢  Using statements to report | ® Classifying the interventions

presentation findings of the pairwise into groups from the most to
comparisons that include the least effective by
the estimates of effect and considering both, the
the certainty of the estimates of effect and the
evidence ratings certainty of the evidence

ratings
e Using the GRADE

summary of findings e Using tables to organize
tables to report the interventions from the most
estimates of effect with the to the least effective that
certainty of the evidence include the estimates of
ratings for each pairwise effect and the certainty of
comparison of one the evidence ratings using a
intervention to another or colour coding system
to placebo

Publication 2. Corticosteroids for managing acute pain subsequent to surgical

extraction of mandibular third molars: A systematic review and meta-analysis

Standard Methods

The second evidence synthesis, a systematic review and meta-analysis, assessed the
comparative effectives of various corticosteroids to manage acute pain subsequent to

surgical extraction of mandibular third molars. In terms of data synthesis, using
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standard methods, for dichotomous outcomes, we summarized the effect of
interventions using odds ratios, and risk difference when the incidence of the outcome
was low across studies. For continuous outcomes, we used mean difference. When
studies reported the same outcome using scales with different ranges, we converted
data to the scale most commonly reported before conducting analyses in accordance
with standard methods. When SD was not reported, we calculated SD using standard
error, confidence intervals, means, and sample sizes. According to standard methods,
we conducted random-effects meta-analyses using the Review Manager software. With
respect to risk of bias, for each eligible trial and outcome, pairs of reviewers, following
training and calibration exercises, independently used the RoB 2.0 tool to access the
risk of bias in randomized controlled trials. In terms of the certainty of the evidence,
we used a single threshold approach to rate the certainty that there was an important
effect using the null as the threshold. To interpret data, we used statements to report
findings of the pairwise comparisons that include the estimates of effect and the
certainty of the evidence ratings. To present data, we used the GRADE summary of
findings tables to report the estimates of effect with the certainty of the evidence ratings
for each pairwise comparison of the intervention to placebo. Finally, we used standard
methods when stating any conflicts of interest of manuscript authors at the end of the

manuscript, according to the guidelines of the manuscript journal.

Intermediate Methods

As an intermediate method, the purpose of the second publication was to support the

process of informing a clinical practice guideline. In terms of data synthesis, using
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intermediate methods, we performed the search through the Epistemonikos database
by creating a matrix of evidence that displays all of the systematic reviews addressing
the question of interest and the studies that these reviews have included. With respect
to data synthesis, we used intermediate methods when imputing SD by choosing a
median SD of three studies with similar means when standard error, confidence
intervals, means, and sample sizes were not reported. According to intermediate
methods, we changed the response options to better capture educated guesses whether
the bias was probably low or probably high. We changed the response options from (1)
low, (2) high, (3) some concerns to (1) low, (2) probably low, (3) probably high, (4)
high (See Appendix 3). To assess the certainty of the evidence, after consultation with
a research panel consisting of 20 professionals, when the effect estimate was close to
the null effect, we rated the certainty of a trivial effect using a threshold of 10% of the
baseline risk for dichotomous outcomes and 10% of the scale range for continuous

outcomes.

Advanced Methods

For the second publication, we searched for the evidence using the Living Overview of
Evidence (LOVE) platform that incorporates artificial intelligence, in addition to
creating a matrix of evidence through the Epistemonikos database (See Appendix 4).
The LOVE platform organizes systematic reviews and randomized controlled trials
into topics with the assistance of artificial intelligence and methodologists. When using
the LOVE platform, systematic reviewers select an appropriate topic (e.g., third molar)

aligned with their research question, and then further specify their selection criteria
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(e.g., corticosteroids as intervention) by choosing among the available options that the

platform provides. Then, the platform presents a list of potentially relevant

publications. See Table 3 and 4 for a summary of standard, intermediate, and advanced

methods used to assess the clinical effectiveness of corticosteroids for the management

of acute pain subsequent to surgical extraction of mandibular third molars.

Table 3. The standard, intermediate, and advanced methods used to assess the clinical
effectiveness of corticosteroids for the management of acute pain subsequent to
surgical extraction of mandibular third molars.

Systematic
review stage

Method

Type of
method

Purpose of the
review

To support the process of informing a clinical
practice guideline

Intermediate

Research
question

Single comparison question

Standard

Search/Data
collection

Performed the search through the Epistemonikos
database by creating a matrix of evidence

Intermediate

Performed the search through the LOVE platform
using artificial intelligence

Advanced

Data synthesis

For dichotomous outcomes, summarized the effect
of interventions using odds ratios, and when the
incidence of the outcome was low across studies,
used the risk difference

For continuous outcomes, used mean difference

When studies reported the same outcome using
scales with different ranges, converted data to the
scale most commonly reported

When SD was not reported, calculated SD using
standard error, confidence intervals, means, and
sample sizes

Conducted random-effects meta-analyses using the
Review Manager software

Standard

In rare instances, when standard error, confidence
intervals, means, and sample sizes were not

Intermediate
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reported, imputed SD by choosing a median SD of 3
studies with similar means

Risk of bias

For each eligible trial and outcome, pairs of Standard
reviewers, following training and calibration
exercises, independently used the RoB 2.0 tool to
assess the risk of bias in randomized controlled trials

Changed the response options to better capture Intermediate
educated guesses whether the bias was probably low
or probably high

Changed response options from (1) low, (2) high,
(3) some concerns to (1) low, (2) probably low, (3)
probably high, (4) high

Certainty of
the evidence

Used a single threshold approach to rate the Standard
certainty that there was an important effect using the
null as the threshold

After consultation with a research panel consisting Intermediate
of 20 professionals, when the effect estimate was
close to the null effect, rated the certainty of a trivial
effect using a threshold of 10% of the baseline risk
for dichotomous outcomes and 10% of the scale
range for continuous outcomes

Data Used statements to report findings of the pairwise Standard
interpretation | comparisons that include the estimates of effect and

the certainty of the evidence ratings
Data Used the GRADE summary of findings tables to Standard
presentation report the estimates of effect with the certainty of

the evidence ratings for each pairwise comparison of

the intervention to placebo
Reporting and | Reported any conflicts of interest of manuscript Standard
management authors at the end of the manuscript
of conflicts of
interest

Table 4. The non-standard methods used to assess the clinical effectiveness of
corticosteroids and its corresponding standard methods.

Evidence Standard methods (not | Non-standard methods (used in this
syntheses used in this publication) | publication)

methods

Purpose of » To answer an » To support the process of informing a
review effectiveness question clinical practice guideline
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Search

Searching scientific
databases (including
the Cochrane
Library), and
references of
individual studies

Searching through Epistemonikos
database and LOVE platform
o Epistemonikos
= Cochrane Database of

Systematic Reviews,
Pubmed/MEDLINE,
EMBASE, CINAHL,
PsycINFO, LILACS,
DARE, HTA Database,
Campbell Database, JBI
Database of Systematic
Reviews and
Implementation Reports,
EPPI-Centre Evidence
Library)

e Synthesized a matrix
of evidence, including
all relevant systematic
reviews and their
included studies

o Living Overview of Evidence

Platform (LOVE)
= PubMed, EMBASE, and
CENTRAL
e Using artificial
intelligence,

identified individual
studies aligned with
the research question
of interest

Data synthesis

When standard
deviation (SD) is not
reported, calculating
SD using standard
error, confidence
intervals, means, and
sample sizes

When standard error, confidence
intervals, means, and sample sizes are
not reported, imputing SD by
choosing a median SD of 3 studies
with similar means

Risk of bias Using the original e Changing the response options from
response options: (1) (1) low, (2) high, (3) some concerns
low, (2) high, (3) to (1) low, (2) probably low, (3)
some concerns probably high, (4) high to better
capture educated guesses whether the
bias was probably low or probably
high
Certainty of the Selecting and using a | ¢  After consultation with a research
evidence single threshold panel of clinical professionals, when
approach to rate the the point estimate is close to the null
certainty that there effect, rating the certainty as having a
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was an important trivial effect using a threshold of 10%
effect by searching of the baseline risk for dichotomous
the literature and/or outcomes and 10% of the scale range
consulting an expert for continuous outcomes

in the field

EVIDENCE SYNTHESIS: GENDER DYSPHORIA

The American Psychiatric Association added the diagnosis of “gender identity
disorder” to the third Diagnostic and Statistical Manual of Mental Disorders (DSM-3)
in 1980 [8]. In 2013, this diagnosis was reconceptualized as “gender dysphoria” in the

DSM-5 [8].

As the diagnosis of “gender dysphoria” only entered the DSM-5 in 2013, we did not
expect to find a large amount of high-quality evidence about the effects of gender-
affirming treatments in individuals experiencing gender dysphoria. Therefore, we
conducted a series of systematic reviews and meta-analyses, each assessing the effects
of an intervention for the management of gender dysphoria compared to no such

intervention, and we included all study designs to be comprehensive.

Publication 3. Gender-affirming hormone therapy for individuals with gender

dysphoria below 26 years of age: A systematic review and meta-analysis

Standard Methods

The purpose of the third publication was to answer a question about clinical
effectiveness of gender-affirming hormone therapy compared to no such intervention

in individuals experiencing gender dysphoria, which we regarded as a standard method.
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The research question was a single comparison question. Further, we searched relevant
databases with the assistance of a research librarian. In terms of data synthesis,
according to standard methods, for dichotomous outcomes, we summarized the effects
of interventions using the odds ratio in comparative observational and before-after
studies. For continuous outcomes, we summarized the effects of interventions using
mean difference in comparative observational studies, and mean change in before-after
studies. Following standard methods, when studies reported the same outcome using
scales with different ranges, we converted these data to the scale most commonly
reported before conducting analyses. Further, when clinically appropriate according to
experts, we conducted random-effects meta-analyses using the Review Manager
software. In terms of the risk of bias, we used the Cochrane risk of bias tool for non-
randomized studies of interventions (ROBINS-I) for each study design. Following
GRADE guidance, when addressing the risk of bias as a domain of GRADE for each
outcome, we rated the certainty of the evidence from observational studies up to three
levels for the risk of prognostic imbalance. Further, we used the null effect threshold
to rate the certainty that there was a benefit or a harm of receiving gender-affirming
hormone therapy over not receiving it. In order to interpret data, we used statements to
report findings of the pairwise comparisons that include the estimates of effect and the
certainty of the evidence ratings. To present data, we used the GRADE summary of
findings tables to report the estimates of effect with the certainty of the evidence ratings

for the pairwise comparisons of interest.

Intermediate Methods
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We used intermediate methods to include the case series studies in the second
publication. In terms of data synthesis, for dichotomous outcomes of case series
studies, we summarized the effects of interventions using proportions, and for
continuous outcomes, using means. In terms of the risk of bias, we developed guidance
for the assessment of each risk of bias domain of the ROBINS-I tool that is specific to
assessing gender-affirming hormone therapy in individuals experiencing gender
dysphoria (See Appendix 5). Following GRADE guidance, for case series studies, we
rated down the certainty of the evidence three levels due to the lack of a comparison
group for all outcomes that required a comparison group. However, we did not rate
down three levels if an outcome did not need a comparison group (e.g., cardiovascular
events linked to receipt of gender-affirming hormone therapy). According to
intermediate methods, we reported conflicts of interest of the protocol and the
manuscript authors. We followed intermediate methods when we reported conflicts of

interest of the systematic review protocol and the manuscript authors.

Advanced Methods

According to advanced methods, for data synthesis, when researchers did not provide
correlation coefficients, to calculate mean change, we used a correlation coefficient of
0.5 and conducted sensitivity analyses by imputing correlation coefficients of r=0.2
and r=0.8 (See Appendix 6). For the third publication, due to the controversial nature
of the subject matter, we devised a plan for minimization and management of conflicts
of interest before initiating the systematic review process (See Appendix 7). See Table

5 and 6 for the standard, intermediate, and advanced methods used to summarize the
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effects of gender-affirming hormone therapy in individuals under 26 years of age with

gender dysphoria.

Table 5. The standard, intermediate, and advanced methods used to summarize the
effects of gender-affirming hormone therapy for individuals with gender dysphoria
below 26 years of age.

Systematic
review stage

Method

Type of
method

Purpose of
the review

To answer a question about clinical effectiveness

Standard

Research
question

Single comparison question

Standard

Search/Data
collection

Searched in MEDLINE, PsycINFO, Social Sciences
Abstracts, Contemporary Women’s Issues, LGBTQ+
Source, Sociological Abstracts, Studies on Women,
Gender Abstracts, and Google Scholar

Standard

Included case series studies

Intermediate

Data
synthesis

For dichotomous outcomes, summarized the effects of
interventions using the odds ratio in comparative
observational and before-after studies

For continuous outcomes, summarized the effects of
interventions using mean difference in comparative
observational studies, mean change in before-after
studies

When studies reported the same outcome using scales
with different ranges, converted data to the scale most
commonly reported

When clinically appropriate according to experts,
conducted random-effects meta-analyses using
Review Manager software

Standard

For dichotomous outcomes, summarized the effects of
interventions using proportions in case series studies

For continuous outcomes, summarized the effects of
interventions using means in case series studies

Intermediate

When researchers did not provide correlation
coefficients, when calculating mean change, used

Advanced
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r=0.5 and conducted sensitivity analyses by imputing
correlation coefficients, r=0.2 and r=0.8

Risk of bias

Used the Cochrane risk of bias tool for non-
randomized studies of interventions (ROBINS-I) for
each study design

Standard

Developed guidance for the assessment of each risk of
bias domain of the ROBINS-I tool that is specific to
assessing gender-affirming hormone therapy in
individuals experiencing gender dysphoria

Intermediate

Certainty of
the evidence

Following GRADE guidance, when addressing the
risk of bias as a domain of GRADE for each outcome,
we rated down the certainty of the evidence from
observational comparative studies up to three levels
for the risk of prognostic imbalance

Used the null effect threshold to rate the certainty that
there was a benefit or a harm of gender-affirming
hormone therapy over not receiving it

Standard

Following GRADE guidance, for case series studies,
rated down three levels due to lack of a comparison

group for outcomes that needed a comparison group,
and did not rate down three levels for outcomes that
did not need a comparison group

Intermediate

Data
interpretation

Used statements to report findings of the pairwise
comparisons that include the estimates of effect and
the certainty of the evidence ratings

Standard

Data
presentation

Used the GRADE summary of findings tables to
report the estimates of effect with the certainty of the
evidence ratings for the pairwise comparisons of
interest

Standard

Reporting
and
management
of conflicts
of interest

Reported conflicts of interest of the protocol and the
manuscript authors at the end of the manuscript

Intermediate

Devised a plan for minimization and management of
conflicts of interest

Advanced

Table 6. The non-standard methods used to summarize the effects of gender-affirming
hormone therapy and its corresponding standard methods.

Evidence syntheses | Standard methods Non-standard methods

methods

Search/Data e Exclusion of case series e Inclusion of case series studies
collection studies
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Data synthesis

Exclusion of case series
studies from the analysis
Not calculating mean
change if correlation
coefficient is not provided
by the study authors; or
using r=0.5 when
researchers do not provide
a correlation coefficient,
without conducting
sensitivity analyses with
correlation coefficients,
=0.2 and r=0.8

For dichotomous outcomes,
summarizing the effects of
interventions using proportions
in case series studies

For continuous outcomes,
summarizing the effects of
interventions using the mean in
case series studies

When researchers do not
provide correlation
coefficients, when calculating
mean change, using r=0.5 and
conducting sensitivity analyses
by imputing correlation
coefficients r=0.2 and r=0.8

management of
conflicts of interest

minimization and
management of conflicts
of interest

Reporting conflicts of
interest of manuscript
authors

Risk of bias Using the generic Developing guidance for the
guidance of the risk of assessment of each risk of bias
bias tool to assess each domain that is specific to
risk of bias domain assessing gender-affirming

hormone therapy in individuals
experiencing gender dysphoria

Certainty of the Not assessing the certainty Following GRADE guidance,

evidence of the evidence derived for case series studies, rating
from the case series down three levels due to the
studies lack of a comparison group for

outcomes that need a
comparison group, and not
rating down for outcomes that
do not need a comparison
group

Reporting and Not devising a plan for Devising a plan for

minimization and management
of conflicts of interest
Reporting conflicts of interest
of the protocol and manuscript
authors

Publication 4: Mastectomy for individuals with gender dysphoria below 26 years

of age: A systematic review and meta-analysis

Standard Methods
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According to standard methods, the purpose of the fourth publication was to answer a
question about clinical effectiveness of gender-affirming mastectomy compared to
breast reduction or no mastectomy. The research question was a single comparison
question. We used standard methods to search relevant databases with the assistance
of a research librarian. In terms of data synthesis, according to standard methods, we
summarized intervention effects using odds ratios for dichotomous outcomes in
comparative observational and before-after studies. For continuous outcomes, we used
mean difference in comparative observational studies, and mean change in before-after
studies. When studies reported the same outcome using scales with different ranges,
we converted data to the scale most commonly reported before conducting analyses.
Further, when clinically appropriate according to experts, we conducted random-
effects meta-analyses using the Review Manager software. In terms of the risk of bias,
we used the ROBINS-I tool for each study design. Following GRADE guidance, when
addressing risk of bias as a domain of GRADE for each outcome, we rated down the
certainty of the evidence from observational comparative studies up to three levels for
the risk of prognostic imbalance. We used a null effect threshold to rate the certainty
of the benefit or harm of undergoing mastectomy over breast reduction or no
mastectomy. To interpret data, we used statements to report findings of the pairwise
comparisons that include the estimates of effect and the certainty of the evidence
ratings. To present data, we used the GRADE summary of findings tables to report the
estimates of effect with the certainty of the evidence ratings for each pairwise

comparison.
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Intermediate Methods

When searching the databases for relevant literature, we included case series studies.
In terms of data synthesis, for dichotomous outcomes of case series studies, we
summarized the effects of interventions using proportions, and for dichotomous
outcomes using means. We developed guidance for the assessment of each risk of bias
domain that is specific to assessing gender-affirming mastectomy in individuals
experiencing gender dysphoria (See Appendix 8). Following GRADE guidance, for
case series studies, we rated down the certainty of the evidence three levels due to the
lack of'a comparison group for outcomes that needed a comparison group (e.g., quality
of life). However, we did not rate down the evidence three levels if an outcome needed
a comparison group (e.g., scarring due to undergoing gender-affirming mastectomy).
According to intermediate methods, we reported conflicts of interest of the protocol

and the manuscript authors.

Advanced Methods

According to advanced methods, for data synthesis, when researchers did not provide
correlation coefficients, to calculate mean change, we used a correlation coefficient of
0.5 and conducted sensitivity analyses by imputing correlation coefficients of r=0.2
and r=0.8 (See Appendix 9). With respect to conflicts of interest, due to the
controversial nature of the subject matter, we devised a plan for minimization and
management of conflicts of interest prior to initiating the systematic review process

(See Appendix 6). See Table 7 and 8 for a summary of the standard, intermediate, and
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advanced methods used to summarize the effects of gender-affirming mastectomy in

individuals with gender dysphoria below 26 years of age.

Table 7. The standard, intermediate, and advanced methods used to summarize the
effects of gender-affirming mastectomy in individuals with gender dysphoria below 26

years of age.

Systematic
review stage

Method

Type of
method

Purpose of the
review

To answer a question about clinical effectiveness

Standard

Research
question

Single comparison question

Standard

Search/Data
collection

Searched in MEDLINE, Embase, PsycINFO, Social
Sciences Abstracts, Contemporary Women’s Issues,
LGBTQ+ Source, Sociological Abstracts, Studies on
Women, Gender Abstracts, and Google Scholar

Standard

Included case series studies

Intermediate

Data
synthesis

To summarize intervention effects, used odds ratios
for dichotomous outcomes in comparative
observational and before-after studies

For continuous outcomes, we used mean difference in
comparative observational studies, mean change in
before-after studies

When studies reported the same outcome using scales
with different ranges, converted data to the scale most
commonly reported

When clinically appropriate according to experts,
conducted random-effects meta-analyses using the
Review Manager software

Standard

For dichotomous outcomes, summarized the effects
of interventions using proportions in case series
studies

For continuous outcomes, summarized the effects of
interventions using means in case series studies

Intermediate

When researchers did not provide correlation
coefficients, when calculating mean change, used

Advanced
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r=0.5 and conducted sensitivity analyses by imputing
correlation coefficients, r=0.2 and r=0.8

Risk of bias

Used the Cochrane risk of bias tool for non-
randomized studies of interventions (ROBINS-I) for
each study design

Standard

Developed guidance for the assessment of each risk
of bias domain that is specific to assessing gender-
affirming mastectomy in individuals experiencing
gender dysphoria

Intermediate

Certainty of
the evidence

Following GRADE guidance, when addressing risk
of bias as a domain of GRADE for each outcome, we
rated down the certainty of the evidence from
observational comparative studies up to three levels
for the risk of prognostic imbalance

Used a null effect threshold to rate the certainty of the
benefit or harm of undergoing gender-affirming
mastectomy compared to breast reduction or no
mastectomy

Standard

Following GRADE guidance, for case series studies,
rated down three levels due to lack of a comparison
group for outcomes that needed a comparison group,
and did not rate down for outcomes that did not need
a comparison group

Intermediate

Data
interpretation

Used statements to report findings of the pairwise
comparisons that include the estimates of effect and
the certainty of the evidence ratings

Standard

Data
presentation

Used the GRADE summary of findings tables to
report the estimates of effect with the certainty of the
evidence ratings for each pairwise comparison of one
intervention to another or to placebo

Standard

Reporting and
management
of conflicts of
interest

Reported conflicts of interest of the protocol and the
manuscript authors at the end of the manuscript

Intermediate

Devised a plan for minimization and management of
conflicts of interest

Advanced

Table 8. The non-standard methods used to summarize the effects of gender-affirming
mastectomy and its corresponding standard methods.

Evidence syntheses Standard methods Non-standard methods
methods

Search/Data o Exclusion of case series e Inclusion of case series
collection studies studies
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Data synthesis

Exclusion of case series
studies from the analysis
Not calculating mean
change if correlation
coefficient is not provided
by the study authors; or
using r=0.5 when
researchers do not provide
a correlation coefficient,
without conducting
sensitivity analyses with
correlation coefficients,
=0.2 and r=0.8

For dichotomous outcomes,
summarizing the effects of
interventions using
proportions in case series
studies

For continuous outcomes,
summarizing the effects of
interventions using the mean
in case series studies

When researchers do not
provide correlation
coefficients, when
calculating mean change,
using r=0.5 and conducting
sensitivity analyses by
imputing correlation
coefficients r=0.2 and r=0.8

management of
conflicts of interest

minimization and
management of conflicts
of interest

Reporting conflicts of
interest of manuscript
authors

Risk of bias Using the generic Developing guidance for the
guidance of the risk of assessment of each risk of
bias tool to assess each bias domain that is specific
risk of bias domain to assessing gender-

affirming mastectomy in
individuals experiencing
gender dysphoria

Certainty of the Not assessing the certainty Following GRADE

evidence of the evidence derived guidance, for case series
from the case series studies, rating down three
studies levels due to the lack of a

comparison group for
outcomes that need a
comparison group, and not
rating down for outcomes
that do not need a
comparison group

Reporting and Not devising a plan for Devising a plan for

minimization and
management of conflicts of
interest

Reporting conflicts of
interest of the protocol and
the manuscript authors

FUTURE OPPORTUNITIES FOR RESEARCH TO MANAGE THE ACUTE

DENTAL PAIN AND GENDER DYSPHORIA
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After conducting evidence syntheses about acute dental pain and gender dysphoria,
several methodological limitations about this evidence were apparent. In this section,
we describe these methodological limitations and potential solutions to address these

limitations in future research.

Evidence-based medicine (EBM) seeks to integrate clinical judgment on the part of the
physician, the best available evidence obtained through robust clinical research
methodology, as well as patients’ values and preferences. According to EBM,
randomized controlled trials (RCTs) or systematic reviews and meta-analyses or
network meta-analyses are considered higher on the hierarchy of evidence than
observational studies when aiming to estimate a causal effect of an intervention on
outcomes of interest. RCTs control for systematic error [9]. One aim of RCTs is to
minimize bias in the selection of participants and allocation of participants to the trial
arms through randomization and concealment of the allocation sequence, respectively
[9]. Another goal of RCTs is to maintain prognostic balance by blinding participants,
caregivers, data collectors, data analysts and outcome assessors, and by conducting the
trial through the intention-to-treat analysis [9]. These methodological aspects of RCTs
aim to minimize selection bias, confounding, and bias in assessment of outcomes,
thereby strengthening any conclusions made about the relationship between the
difference in outcomes at the end of the study and the difference in treatment during

the study [9].

For the evidence synthesis about acute dental pain, consisting of one systematic review

and network meta-analysis and three systematic reviews and meta-analyses, we chose
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to include RCTs only. From our perspective, RCTs are the best study design to assess
the comparative effectiveness of interventions to manage the acute dental pain and are
frequently conducted for this purpose. The systematic review and network meta-
analysis demonstrated that, based on high and moderate certainty, NSAIDs with or
without acetaminophen result in better pain-related outcomes than opioids with or
without acetaminophen or placebo. Further, based on low- and very low-certainty
evidence, most interventions were classified as no more harmful than placebo for most
selected adverse effects. These are important findings that provide further support to
minimize or discontinue prescription of opioids for the management of acute pain,
thereby reducing the possibility of addiction and death by overdose. Due to feasibility
concerns, we were only able to assess central nervous system adverse effects and
gastrointestinal adverse effects at the longest available time point. We found limited
data for the adverse effects such as dysphagia, diarrhea, dyspepsia, constipation, and
syncope. Future primary studies and systematic reviews should consider including
these adverse effects for assessment, as well as consider collecting data at longer follow

up points such as 6 months or 1 year.

Although most evidence included in the systematic review and network meta-analysis
was rated as moderate to high certainty, several included RCTs were found to be at risk
of bias. For instance, several RCTs reporting pain relief, total pain relief (TOTPAR),
and summed pain intensity difference (SPID) outcomes were at risk of bias due to
missing outcome data (i.e., up to 20%) and did not report the type and magnitude of

measure of variability (i.e., standard deviation, standard error, etc.). Future efforts to
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minimize the loss of outcome data should be made. Further, researchers should
prioritize reporting type of measure of variability (i.e., standard deviation, standard

error) and its magnitude for each measure of central tendency (i.e., mean, median).

In terms of the systematic review and meta-analysis assessing the effectiveness of
corticosteroids compared to placebo, low and very low certainty evidence suggested
that there is a trivial difference in postoperative pain intensity and postoperative
infection when corticosteroids administered orally, submucosally, or intramuscularly
are compared with placebo in patients undergoing third-molar extractions. This
evidence indicates that corticosteroids may not be necessary when managing pain
subsequent to surgical third-molar extraction. Due to feasibility concerns, we only
included adverse effects such as postoperative infection, alveolar osteitis, mood
alteration, and gastrointestinal adverse effects. From these outcomes, we only found
data about postoperative infection, alveolar osteitis, and gastrointestinal adverse
effects. Only data about postoperative infection was low certainty; data about alveolar
osteitis and gastrointestinal adverse effects was very low certainty. Future primary
studies and systematic reviews should assess these adverse effects and other patient-
important long-term adverse effects related to the use of corticosteroids to manage

acute dental pain.

Some RCTs included in the systematic review and meta-analysis assessing the
effectiveness of corticosteroids compared to placebo were limited in terms of the
randomization process, such that the authors did not describe whether the allocation

sequence was random and concealed until the participants were recruited and assigned

178



Ph.D. Thesis — Anna Miroshnychenko; McMaster University — Health Research
Methodology

to the interventions of interest. Further, in several RCTs, the researchers did not clearly
describe whether and how blinding of participants and the outcome assessors was done.
The lack of blinding in an RCT is known to introduce performance bias and lead to an
overestimate of the treatment effect. Future RCTs assessing the effects of
corticosteroids and other treatments to manage acute dental pain must carefully
consider and report all aspects of the randomization process, including the random
generation of a concealed allocation sequence and blinding of both, the participants

and the outcome assessors involved in the RCT.

In terms of the systematic reviews and meta-analyses assessing the effects gender-
affirming treatments, most evidence was derived from before-after and case series
studies, which are limited in methodology. This evidence ranged from high to very low
certainty. These systematic reviews and meta-analyses were the first to assess both, the
risk of bias of each individual study and the certainty of the evidence of each outcome
of interests while assessing gender-affirming interventions in individuals experiencing
gender dysphoria. As such, these reviews are important for patients considering gender-
affirming interventions, clinicians treating these patients, and policy makers and other

end users making decisions about these treatments at the global scale.

Although both, the RCTs and observational studies were eligible, we did not find RCTs
assessing the effects of gender-affirming hormone therapy or gender-affirming
mastectomy in individuals experiencing gender dysphoria. One reason for not
conducting RCTs to assess the effects of gender-affirming interventions may be that

these RCTs would be prone to biases, applicability issues, and ethical concerns. The
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purpose of puberty blockers, gender-affirming hormone therapy, and surgery is to
inhibit or produce visible bodily changes. As such, meaningful effects on patient-
important outcomes, such as psychological well-being and quality of life, may not be
possible until these individuals experience the inhibition or creation of visible physical
changes following their treatment [10]. The robust methodological design of an RCT
relies on blinding of the researchers and study participants. However, it would not be
possible to blind individuals receiving gender-affirming interventions, as these
interventions result in visible physical changes that would be noticeable to the
researchers and study participants. In case of surgery, blinding of both the study
participant and surgeon would not be possible. This lack of blinding may lead to
performance bias, as the participant or surgeon who trusts or mistrusts in the effect of
a specific intervention may unconsciously or intentionally perceive an enhanced or

reduced treatment effect, respectively [11].

Further, once participants become aware of their assigned group, a large proportion of
the study participants are likely to crossover to the intervention group, withdraw from
the study or pursue alternative sources of gender-affirming interventions, potentially
leading to attrition bias [10]. Withdrawing from the study and non-compliance to the
study protocol would most likely occur among adolescents who have other means of
securing gender-affirming care or experience more severe bodily gender dysphoria. If
individuals with severe bodily gender dysphoria withdraw from the control arm and

not from the intervention arm, the results of the study may be biased away from the
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null, resulting in an overestimate of the treatment effect, as more improvement may be

detected in the individuals in the intervention arm compared to the control arm.

In terms of applicability, the results of an RCT may not be generalizable to the entire
population of individuals with gender dysphoria, because youth who have alternative
means of accessing gender-affirming care are unlikely to participate in an RCT and risk
being randomized to the control group [12-14]. Similarly, adolescents who are white,
socioeconomically privileged, live in areas with more gender-affirming care providers,
and have strong parental support are less likely to participate in an RCT [15-17]. In
contrast, adolescents who have less access to resources and support are more likely to
participate in an RCT. Participation could also be impacted by the severity of
individual’s gender dysphoria, as those who experience greater distress about their
body are more likely to seek out guaranteed access to puberty blockers, hormone
therapy and/or surgeries [10]. Therefore, the results of an RCT may only be applicable
to a subgroup of individuals with gender dysphoria, likely those with less resources and

parental support, and less severe gender dysphoria.

Puberty blockers and gender-affirming hormones may be time-sensitive in terms of
administration because waiting to administer these interventions may hinder their
effect at a later time [18-20]. Therefore, withholding these interventions, as in the
control group of an RCT, could be considered unethical. While withholding these
interventions may negatively impact the possible benefit of them, administering these
interventions may cause unknown harm due to the limited evidence about the effects

of these intervention in this patient population. The current best available evidence
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reporting on the effects of puberty blockers and gender-affirming hormones in
individuals experiencing gender dysphoria mostly comes from before-after and case
series studies and ranges from high to very low certainty. This is an important finding
to consider when undergoing treatments such as puberty blockers, gender-affirming
hormones and/or gender-affirming surgery. With respect to gender-affirming
hormones, of 24 relevant studies that we found, one low-certainty comparative
observational study suggested that the odds of depression may be lower (OR 0.73 [95%
CI0.61 to 0.88], low certainty) in individuals who received gender-affirming hormone
therapy compared to those who did not. Further, one case series study provided high
certainty evidence that the proportion of individuals with cardiovascular events 7-109
months after receiving GAHT was 40 per 1,000 (40 per 1,000 [95% CI 30 to 50], high

certainty).

With respect to gender-affirming mastectomy, evidence ranged from high to very low
certainty. Of 39 included studied, one low-certainty comparative observational study
indicated that individuals who underwent mastectomy may have reduced odds of non-
suicidal self-harm compared to individuals who did not (aOR 0.47 [95% CI 0.22 to
0.97], low certainty). Further, case series studies reported that 0 per 1,000 (0 per 1,000
[95% CI 0 to 0], high certainty) individuals die as a result of gender-affirming
mastectomy, 30 per 1,000 (30 per 1,000 [95% CI 10 to 70], high certainty) experience
necrosis and 50 per 1,000 (50 per 1,000 [95% CI 30 to 80], high certainty) experience
excessive scarring. Therefore, the aforementioned results, although limited, seem to

suggest both, possible benefit and harm associated with undergoing gender-affirming
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hormone therapy and mastectomy. Future research of high quality is needed to better

understand the effects of these interventions.

Due to the aforementioned challenges posed by the RCTs, well-designed observational
studies have been preferred to RCTs by many clinicians and researchers studying the
effects of gender-affirming treatment. Observational studies, such as a prospective
cohort study, can reduce the risks associated with withdrawal and non-adherence by
selecting a group of individuals who have undergone the intervention of interest and
another group who have yet to undergo the intervention of interest but are planning to
in the future. As observational studies do not directly intervene in the treatment of the
individual, these studies may include individuals who would be unlikely to participate

in an RCT, thus increasing the generalizability of the study results.

Although observational studies are vulnerable to unmeasured confounding,
methodological and statistical tools can be used to ascertain and limit the risk of
unknown and unmeasured confounders and control for known and measured
confounders such as race, socioeconomic status, psychological comorbidities, and
parental support. Observational studies, such as prospective cohort studies, are
typically considered less equipped at inferring causality compared to RCTs due to a
higher risk of bias arising from confounding, selection of participants, and
measurement of outcomes. However, advanced methods, such as an instrumental
variable analysis, may be used to estimate the causal effect of treatments on outcomes

in the population of interest when conducting an observational study [21].
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Future research in gender affirming care should consider prioritizing well-designed
observational studies of prospective nature. For example, if we were to conduct a
prospective cohort study assessing the effects of mastectomy, we could include
individuals under the age of 26 who were diagnosed with, experienced, self-identified,
or were identified by a parent as having gender dysphoria, gender identity disorder or
gender incongruence, or who identified as transgender or non-binary. We could specify
that we are interested in participants attending gender identity or gender-affirming
health clinics that are available to be included in our study. If possible, to increase the
power of the study to detect a difference in selected outcomes between the two groups
if the difference exists, we could include all relevant clinics in Canada. The intervention
of interest would be all types of gender-affirming mastectomy, and the comparator

would be no gender-affirming mastectomy.

In terms of outcomes, we would aim to include all outcomes important to patients
receiving the intervention of interest, and may include physical complications (i.e.,
hypertrophic scarring, keloid scarring, persistent numbness, persistent pain, necrosis,
death), satisfaction with chest and body, regret, quality of life, global function, gender
dysphoria or incongruence, depression, death by suicide, suicide attempts, non-suicidal
self-harm, and any other outcomes considered important after deliberation with a team
of clinical experts and patients. In terms of the outcomes, we could consult the experts
in measurement of these outcomes to ensure we choose instruments with high validity,
reliability, and responsiveness, while being easy and efficient to complete. In order to

collect long-term outcome data, that is currently missing in published literature, we
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could complete outcome assessments at baseline, 6 months, 1 year, 2 years and 5 years.
These data would be important to inform patients considering gender-affirming

mastectomy.

At baseline, in both groups, we could collect all outcomes, except for physical
complications. We could also collect demographic data such as age, gender identity,
race and ethnicity, diagnosis of gender dysphoria, age at diagnosis of gender dysphoria,
psychiatric comorbidities (e.g., attention deficit hyperactivity disorder, obsessive-
compulsive disorder, bipolar disorder), overall psychological functioning, physical
comorbidities (e.g., hormonal imbalance, infertility, hypothyroidism) socioeconomic
status, and family and peer support. The aforementioned variables are known
confounders in our population of interest; therefore, collecting these data will assist in
controlling for these confounders in the analysis. Further, at baseline, in both groups,
we would collect data pertaining to receipt of any co-interventions to manage gender
dysphoria, specifically data related to psychotherapy, social gender transition, puberty
blockers, hormone therapy, and other gender-affirming treatments. These co-
interventions are also possible confounders that will need to be accounted for in the
analysis. As the few prospective cohort studies that we included in our systematic
reviews and meta-analyses about gender dysphoria were rated as having high risk of
bias due to confounding, it would be critically important to diligently address all known

confounders at the analysis stage.

At baseline, in the gender-affirming mastectomy group, we could collect information

pertaining to the treatment protocol, immediately before, during and after surgery. Data
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pertaining to the variability in the treatment protocol among the included clinics could
assist in explaining any potential heterogeneity in results. At baseline, in the control
group, we could ask participants whether they desire to receive gender-affirming
mastectomy, and if so, when they plan to undergo this procedure. At 6 months, 1 year,
2 years, and 5 years, we could assess all outcomes using the selected tools in both
groups. This prospective study design could contribute high certainty evidence
assessing patient-important outcomes of interest in individuals experiencing gender

dysphoria that is currently missing from the literature.

CONCLUSION

We used standard, intermediate, and advanced methods to create evidence syntheses to
assess interventions for the management of acute dental pain and gender dysphoria. In
terms of advanced methods, as numerous RCT were available to assess the comparative
effectiveness of acetaminophen, NSAIDs, and opioids, we performed a systematic
review and network meta-analysis. We used GRADE guidance for network meta-
analyses and used an automated tool to rate the certainty of the evidence for direct,
indirect, and network estimates of effect. For interpretation and clarity of presentation,
due to the abundance of evidence, we classified the interventions from the most to the
least effective in accordance with the magnitude of effect and the certainty of the
evidence. We organized this information into tables using a colour coding system that
considered the certainty of the evidence. Because numerous outdated systematic
reviews and meta-analyses about the effects of corticosteroids have been published, we

searched the Epistemonikos database and the LOVE platform that utilizes artificial
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intelligence. Research about gender dysphoria may be subject to controversy, therefore
we devised a plan for minimization and management of conflicts of interest to ensure
integrity while performing this work. The rapid expenditure of dental and gender
medicine fields is challenging researchers to continually develop methods for
conducting evidence syntheses and use these methods appropriately to yield authentic
results.
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Appendix 1: Pain relief risk of bias assessment for the systematic review and meta-
analysis to assess the comparative effectiveness of acetaminophen, non-steroidal anti-
inflammatory drugs, and opioids in adults with acute postoperative pain due to dental
extraction.

Low

Probably low

Probably high

High
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Author_Study ID

Randomization

Deviations
from the
intended

intervention

Missing
outcome data

Measurement
of outcome

Selection of
the reported
results

Pain Relief at 6 Hours

Zelenakas 10

Sunshine 287

Ziccardi 403

Skoglund 418

Seymour 574

Schwaratz 622

Schou 630

VanDyke 685

Qi 1102

Olson 1334

Mehlisch 1736

Mehlisch 1737

Mehlisch 1743

Morrison 2161

Moore 2191

Moore 2197
Kyselovic 2275
Kubitzek 2309

Kiersch 2412

Malmstrom 2464

Malmstrom 2465

2466
2467
Malmstrom 2468
Kellstein 2518
Hersh 2859

Malmstrom

Malmstrom

Hersh 2863

Hersh 2868

Giglio 3103

Gay 3155

Fricke 3213

Fricke 3215

Forbes 3244
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Forbes 3245
Forbes 3277
Forbes 3280

Dionne 3556
Desjardins 3593
Desjardins 3595

Daniels 3639

Daniels 3641

Cooper 3827

Cooper 3835

Cooper 3840

Cooper 3844

Cooper 3848
Cooper 3850
Chang 3869
Chang 3870
Chang 3872
Chang 3873

Black 4105

Bakshi 4253
Cheung 4381
Al-Sukhun 4526
Yue 1 37
Yue 2 37

Appendix 2: Summary of benefit outcomes compared with placebo (no treatment).

TOTPAR SPID (Summed
. . . . . Global Rescue
Pain relief (Total Pain Pain Intensity Efficacy Ratine | Analecsia
Relief) Difference) Y & &
Time point 6 hours 6 hours 6 hours 6 hours 6 hours
Scale 0 (none) — 4 (0-24)- higher |18 points- higher |0 (poor) — 4
(complete) © better ¢ better ° (excellent) ©
Thresholds -0.4,0.4 24,24 -1.8,1.8 -0.4,0.4 -8,8
Placebo® 0.62 0.345 0.69 80 per 100
Ibuprofen 200-400 mg
plus Acetaminophen 4.41 (5.78 to -55.60 (-70.27
500-1,000 mg 3.04) to -31.22)
Oxycodone S mgor  [(RKNEIXIRT 0.78 (0.02 to
Codeine 60 mg 0.25)° 1.55)
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Acetaminophen 650
mg plus Oxycodone
10 mg

Ibuprofen 400 mg
(fast acting or acid)

Tramadol 37.5 mg
plus Acetaminophen
325 mg

Acetaminophen 500-
1,000 mg

Acetaminophen 600-
650 mg plus Codeine
60 mg

Naproxen 400-440 mg

Ibuprofen 200 mg plus
Hydrocodone 5 mg

-45.18 (-62.93
to -22.10)
1.47 (127 to
1.68)
0.34 to
6)° - - - -
420(3.30to  |2.95(2.31to 0.85(0.65to  [-24.00 (-32.02
5.09) 3.60) 1.06) to -16.30)
5.03(4.04to |2.92 (2.32to 0.98 (0.72to  [-21.20 (-32.13
6.03) 3.53) 1.25) t0 -11.10)°
5.27 (3.50 to -51.49 (-64.71
7.03)° - t0 -33.31)

Hydrocodone 5 mg
plus Acetaminophen
300-325 mg

a The expected risk of each outcome with placebo is reported in the grey row. Numbers in the coloured
cells are the estimated mean differences (95% CI) or risk differences (95% CI) per 100 patients when

compared to placebo.

b The best estimate of effect was obtained from direct evidence.
Empty cells: there was no evidence for the specific intervention.
TOTPAR: total pain relief, SPID: sum of pain intensity differences
¢ We used this scale range as it was the most reported scale for this outcome among the included studies.

d The range of possible scores ranged from 0 to 24.

e The range of possible scores ranged from -6 to 12, a total length of 18 points.

Legend
BENEFIT OUTCOMES
High/Moderate Low/Very low
certainty evidence certainty evidence
May be better than
AMONG THE BEST placebo and some
alternatives
Better than placebo, NlI:z’eEz blf&e;;han
INTERMEDIATE but no better than any |P >
. better than any
alternatives .
alternatives
AMONG THE WORST [ty
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Appendix 3. Risk of bias assessment for the systematic review and meta-analysis to
assess the effects of corticosteroids for managing acute pain subsequent to surgical
extraction of mandibular third molars.

Probably low

Deviations .
from the Missin: Measurement il i
Study ID Randomization . g the reported
intended outcome data | of outcome
. . results
intervention

Pain at 6 Hours
Afkan 2018A
Afkan 2018B

Bauer 2012
Bortoluzzi 2013
A

Bortoluzzi 2013
B

Mojsa 2017A
Moijsa 2017B
Simone 2013

Buyukkurt 2006
Vegas-

Bustamante 200
8

Appendix 4. Sample image of the Epistemonikos matrix of evidence for the systematic
review and meta-analysis to assess the clinical effectiveness of corticosteroids for the
management of acute pain subsequent to surgical extraction of mandibular third
molars. Nineteen systematic reviews were found. The rows list the systematic reviews,
and the columns list primary studies (randomized controlled trials) included in each
systematic review. This image includes a sample of systematic reviews found and a
sample of primary studies included in each systematic review.
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Appendix 5. Assessment of risk of bias in observational studies (Gender-affirming
hormone therapy): Modified version of ROBINS-I.

This modified version of the ROBINS-I tool is intended for assessment of risk of bias
in observational studies focusing on gender-affirming hormone therapy. This
modified version includes ROBINS-I domains that are important (as determined by
methodologists and clinical specialists in this field) for capturing risk of bias in
comparative studies, case series, and before and after studies focusing on gender-
affirming hormone therapy.

Domains used to assess risk of bias in each study designs.

Domain |Low | Moderate | Serious Critical
Domains used to assess risk of bias in comparative studies
Confounding |Adjusted for the Adjusted for the Adjusted for the Did not adjust for any
following following following of the following
confounders: confounders: confounders: confounders:
1) Psychiatric 1) Two orall of 1)  One of the 1) Psychiatric
interventions the following: following: interventions
AND a.  Mental health a.  Mental health 2) Mental health
2) One or more of condition condition condition
the following: comorbidities comorbidities comorbidities
a. Mental health | b. Socioeconomic | b. Socioeconomic 3) Socioeconomic
condition status status status
comorbidities | c. Family c. Family 4) Family
b. Socioeconomic support/functio support/function support/function
status n AND
c. Family AND Did not adjust for the
support/functio | Did not adjust for following:
n the following: 1) Psychiatric
1) Psychiatric interventions
interventions
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Classification |Gender-affirming Asked participants Assumed that the Assumed that

of hormone therapy to recall whether participants received |participants received

intervention |was recorded they received gender-affirming gender-affirming
prospectively or gender-affirming hormone therapy hormone therapy based
from medical hormone therapy based on clearly on vaguely reported
records reported information |information in the

in the manuscript manuscript

Deviation No cointerventions | - - Important

from intended |received or cointerventions were

interventions |important unbalanced between
cointerventions' the study groups
were equally
balanced between
the study groups

Missing data | More than 90% of Between 90-70% of | Between 70-50% of  |Less thank 50% of
patients who started | patients who started | patients who started | patients who started the
the study provided | the study provided the study provided study provided
outcome data outcome data outcome data outcome data

Measurement | Outcome was Outcome was Outcome was Outcome was

of outcome measured with an measured in the measured with a tool | measured with a tool

appropriate tool?
and all in the same
way in both groups

same way in both
groups, but it was
not clear whether
the tool was
appropriate for this
outcome

that was appropriate
for this outcome, but
it was unclear
whether it was used
in the same way in
both groups

that was not
appropriate for this
outcome, and the tool
was not used in the
same way in both
groups

Domains used to assess risk of bias in case series without follow up

Representativ | Included all Included all Included all Included a highly
eness of the consecutive consecutive patients consecutive patients selected sample based
sample patients, eg., but one sample but multiple sample on specific
visiting a clinic characteristic (e.g., characteristics (e.g., characteristics
over a specific receipt of receipt of outlined by the
period psychotherapy, psychotherapy, authors that were
supportive family, supportive family, related to the
high socioeconomic high socioeconomic prognosis after
status) was related to | status) were related to | gender-aftirming
the prognosis after the prognosis after hormone therapy
gender-affirming gender-affirming
hormone therapy hormone therapy
Classification | Gender-affirming | Asked participants to | Assumed that the Assumed that
of hormone therapy | recall whether they participants received | participants received
intervention were recorded received gender- gender-affirming gender-affirming
prospectively or affirming hormone hormone therapy hormone therapy
from medical therapy based on clearly based on vaguely
records reported information | reported information
in the manuscript in the manuscript
Deviation None of the Less than 50% of Between 50% and More than 90% of
from intended | participants patients received 90% of patients patients received
interventions | received cointerventions' that received cointerventions' that
cointerventions' could influence cointerventions' that | could influence
that could measured outcomes could influence measured outcomes
influence measured outcomes
measured
outcomes
Missing data | More than 90% Between 90-70% of Between 70-50% of Less than 50% of
of included included participants | included participants | included participants
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participants provided outcome provided outcome provided outcome
provided data data data
outcome data
Measurement | Outcome was — — Outcome was
of outcome measured with an measured with a tool
appropriate tool? that was not
appropriate for this
outcome
Domains used to assess risk of bias in before-after studies
Representativ | Included all Included all Included all Included a highly
eness of the consecutive consecutive patients consecutive patients selected sample based
sample patients, e.g., but one sample but multiple sample on specific
visiting a clinic characteristic (e.g., characteristics (e.g., characteristics
over a specific receipt of receipt of outlined by the
period psychotherapy, psychotherapy, authors that were
supportive family, supportive family, related to the
high socioeconomic high socioeconomic prognosis after
status) was related to | status) were related to | gender-aftirming
the prognosis after the prognosis after hormone therapy
gender-affirming gender-affirming
hormone therapy hormone therapy
Classification | Gender-affirming | Asked participants to | Assumed that the Assumed that
of hormone therapy | recall whether they participants received | participants received
intervention were recorded received gender- gender-affirming gender-affirming
prospectively or affirming hormone hormone therapy hormone therapy
from medical therapy based on clearly based on vaguely
records reported information | reported information
in the manuscript in the manuscript
Deviation None of the Less than 50% of Between 50% and More than 90% of
from intended | participants patients received 90% of patients patients received
interventions | received cointerventions' that received cointerventions' that
cointerventions' could influence cointerventions' that | could influence
that could measured outcomes could influence measured outcomes
influence throughout the measured outcomes throughout the
measured duration of the study | throughout the duration of the study
outcomes duration of the study
throughout the
duration of the
study
Missing data | More than 90% Between 90-70% of Between 70-50% of Less thank 50% of
of patients who patients who started patients who started patients who started
started the study | the study provided the study provided the study provided
provided outcome data outcome data outcome data
outcome data
Measurement | Outcome was Outcome was Outcome was Outcome was
of outcome measured with an | measured in the same | measured with a tool | measured with a tool
appropriate tool> | way before and after | that was appropriate that was not
and in the same the intervention, but for this outcome, but | appropriate for this
way before and it was not clear it was unclear outcome, and the tool
after the whether the tool was | whether it was used was not used in the
intervention appropriate for this in the same way same way before and
outcome before and after the after the intervention
intervention
1. Psychiatric interventions (e.g., psychotherapy), medical interventions (e.g., gender-affirming surgery).
2. The tool was designed to measure the outcome of interest and has questions judged to be sensible by our
content experts (KD, CKM, and SM). For example, the outcome of depression may be measured with PROMIS
Depression Scale or ascertained by a licensed psychologist/psychiatrist.
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Appendix 6. Sensitivity analysis by correlation coefficient for the systematic review
and meta-analysis assessing the effects of gender-affirming hormone therapy for
individuals with gender dysphoria below 26 years of age. A sample of one outcome
(bone mineral density - hip) is shown below.

Bone Mineral Density - Hip

Bone Mineral Density (z-score) - Hip Following at Least 1 Year (Mean Change, r = 0.2)

Mean Mean
Study Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Schagen 2020A_NF  1.41 0.4868 5 221% 1.41[0.98; 1.84] =
Schagen 2020B_NF 0.62 0.1794 37 26.3% 0.62[0.56; 0.68] [+
Schagen 2020A_NM 0.90 0.3264 10 25.3% 0.90[0.70; 1.10] ]
Schagen 2020B_NM 0.16 0.2047 26 26.3% 0.16 [0.08; 0.24] [l
Total (95% ClI) 78 100.0% 0.74[0.25; 1.24] ~

Heterogeneity: Tau? = 0.2415; Chi? = 120.65, df = 3 (P < 0.01); I> = 98% T

Bone Mineral Density (z-score) - Hip Following at Least 1 Year (Mean Change, r = 0.5)

Mean Mean
Study Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Schagen 2020A_NF  1.41 0.3896 5 231% 1.41[1.07;1.75] = 3
Schagen 2020B_NF 0.62 0.1439 37 25.8% 0.62[0.57; 0.67] [+ |
Schagen 2020A_NM 0.90 0.2599 10 25.2% 0.90[0.74; 1.06] =
Schagen 2020B_NM 0.16 0.1638 26 25.8% 0.16[0.10; 0.22] [+ I
Total (95% CI) 78 100.0% 0.75[0.25; 1.26] -~

Heterogeneity: Tau? = 0.2527; Chi® = 188.56, df = 3 (P < 0.01); I> = 98% [ ' I '

Bone Mineral Density (z-score) - Hip Following at Least 1 Year (Mean Change, r = 0.8)

Mean Mean
Study Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Schagen 2020A_NF  1.41 0.2579 5 242% 1.41[1.18; 1.64] |
Schagen 2020B_NF 0.62 0.0960 37 25.4% 0.62[0.59; 0.65] [+
Schagen 2020A_NM 0.90 0.1690 10 25.1% 0.90 [0.80; 1.00] =
Schagen 2020B_NM 0.16 0.1084 26 25.3% 0.16[0.12;0.20] =] :
Total (95% CI) 78 100.0% 0.76 [0.26; 1.27] ~

Heterogeneity: Tau? = 0.2643; Chi® = 431.45, df = 3 (P < 0.01); I° = 99% [ T T T
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Appendix 7. Management of conflicts of interest for the systematic reviews and meta-
analyses summarizing the effects of gender-affirming treatments.

This SR is part of a research project funded through a research agreement between the
Society for Evidence-based Gender Medicine (SEGM), the sponsor, and McMaster
University. None of the researchers conducting this SR and meta-analysis received
financial compensation from the sponsor to conduct this work. The SR and meta-
analysis research question was designed through a collaboration between SEGM
members, and the methods team based at McMaster University. The rest of the SR and
meta-analysis processes (i.e., search and study selection, data extraction, data analyses,
manuscript writing, approval of final draft of manuscript) were conducted by
independent researchers who do not have any financial or intellectual conflicts of
interest or disclosures, and the methods team based at McMaster University (the group
of authors). The methods team was solely responsible for the synthesis and
interpretation of results, and for drawing conclusions. To minimize bias, a
methodologist who was not involved in the data collection, synthesis, and interpretation
(GG) ensured that results interpretation was consistent with the findings. This
manuscript was drafted by the methods team and approved by all authors, and the
sponsor did not have any say nor reviewed its content.

Appendix 8. Assessment of Risk of Bias in Observational Studies (Mastectomy):
Modified Version of ROBINS-I

This modified version of the ROBINS-I tool is intended for assessment of risk of bias
in observational studies focusing on mastectomy. This modified version includes
ROBINS-I domains that are important (as determined by methodologists and clinical

specialists in this field) for capturing risk of bias in comparative studies, case series,
and before and after studies focusing on mastectomy. Appendix 8 contains 3 tables.
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Table 1. Domains used to assess risk of bias in comparative studies.

Domain Low Moderate Serious Critical
Confounding | Adjusted for the Adjusted for the Adjusted for the Did not adjust for any
following following confounders: | following confounders: |of the following
confounders: 1) Two or all of the 1) One of the confounders:
1) Psychiatric following: following: 1) Psychiatric
interventions a. Mental health a. Mental health interventions
AND condition condition 2) Mental health
2)  One or more of comorbidities comorbidities condition
the following: b. Socioeconomic b. Socioeconomic comorbidities
a. Mental health status status 3) Socioeconomic
condition c. Family c. Family status
comorbidities support/function support/function 4) Family
b. Socioeconomic AND AND support/function
status Did not adjust for the Did not adjust for the
c. Family following: following:
support/function | 1) Psychiatric 1) Psychiatric
interventions interventions
Deviation No cointerventions Important
from received or important cointerventions were
intended cointerventions' were unbalanced between the
interventions | equally balanced study groups
between the study
groups
Missing data | More than 90% of Between 90-70% of Between 70-50% of Less thank 50% of
patients who started | patients who started the | patients who started the |patients who started the
the study provided study provided study provided study provided outcome
outcome data outcome data outcome data data
Measuremen | Outcome was Outcome was Outcome was Outcome was
t of outcome | measured with an measured in the same measured with a tool measured with a tool
appropriate tool> and | way in both groups, that was appropriate that was not
all in the same way but it was not clear for this outcome, but it | appropriate for this
in both groups whether the tool was was unclear whether it | outcome, and the tool
appropriate for this was used in the same was not used in the
outcome way in both groups same way in both
groups

1. Psychiatric interventions (eg., psychotherapy), medical interventions (eg.,
hormone/puberty blockers, gender-affirming hormones, gender-affirming
surgery)

2. The tool was designed to measure the outcome of interest and has questions
judged to be sensible by our content experts (KD, CKM, and SM). For
example, the outcome of depression was measured with PROMIS Depression
Scale or ascertained by a licensed psychologist/psychiatrist.

Table 2. Domains used to assess risk of bias in case series without follow up.

Domain

Low

Moderate

Serious

Critical
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Representative |Included all Included all Included all Included a highly
ness of the consecutive patients, consecutive patients consecutive patients selected sample based

sample

eg., visiting a clinic
over a specific period

but one sample
characteristic (eg.,

but multiple sample
characteristics (eg.,

on specific
characteristics outlined

tool?

receipt of receipt of by the authors that were
psychotherapy, psychotherapy, related to the prognosis
supportive family, supportive family, after gender-affirming
high socioeconomic high socioeconomic mastectomy
status) was related to | status) were related to
the prognosis after the prognosis after
gender-affirming gender-affirming
mastectomy mastectomy
Deviation from |None of the participants | Less than 50% of Between 50% and More than 90% of
intended received patients received 90% of patients patients received
interventions |cointerventions' that cointerventions' that received cointerventions' that
could influence could influence cointerventions' that could influence
measured outcomes measured outcomes could influence measured outcomes
measured outcomes
Missing data | More than 90% of Between 90-70% of Between 70-50% of Less than 50% of
included participants included participants included participants included participants
provided outcome data | provided outcome provided outcome provided outcome data
data data
Measurement |Outcome was measured Outcome was measured
of outcome with an appropriate with a tool that was not

appropriate for this
outcome

1. Psychiatric interventions (eg., psychotherapy), medical interventions (eg.,
hormone/puberty blockers, gender-affirming hormones, gender-affirming
surgery)

2. The tool was designed to measure the outcome of interest and has questions
judged to be sensible by our content experts (KD, CKM, and SM). For
example, the outcome of depression was measured with PROMIS Depression
Scale or ascertained by a licensed psychologist/psychiatrist.

Table 3. Domains used to assess risk of bias in before/after studies.

period

characteristic (eg.,
receipt of
psychotherapy,
supportive family,
high socioeconomic
status) was related to
the prognosis after

characteristics (eg.,
receipt of
psychotherapy,
supportive family,
high socioeconomic
status) were related to
the prognosis after

Domain Low Moderate Serious Critical
Representative |Included all consecutive | Included all Included all Included a highly
ness of the patients, eg., visitinga | consecutive patients consecutive patients selected sample based
sample clinic over a specific but one sample but multiple sample on specific

characteristics outlined

by the authors that were
related to the prognosis

after mastectomy

mastectomy mastectomy
Deviation from | None of the participants | Less than 50% of Between 50% and More than 90% of
intended received patients received 90% of patients patients received
interventions | cointerventions' that cointerventions' that received cointerventions' that
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could influence
measured outcomes
throughout the duration
of the study

could influence
measured outcomes
throughout the
duration of the study

cointerventions! that
could influence
measured outcomes
throughout the
duration of the study

could influence
measured outcomes
throughout the duration
of the study

tool? and in the same
way before and after the
intervention

way before and after
the intervention, but it
was not clear whether
the tool was
appropriate for this
outcome

that was appropriate
for this outcome, but it
was unclear whether it
was used in the same
way before and after
the intervention

Missing data | More than 90% of Between 90-70% of Between 70-50% of Less thank 50% of
patients who started the | patients who started patients who started patients who started the
study provided outcome | the study provided the study provided study provided outcome
data outcome data outcome data data

Measurement |Outcome was measured | Outcome was Outcome was Outcome was measured

of outcome with an appropriate measured in the same | measured with a tool with a tool that was not

appropriate for this
outcome, and the tool
was not used in the
same way before and
after the intervention

1. Psychiatric interventions (eg., psychotherapy), medical interventions (eg.,
hormone/puberty blockers, gender-affirming hormones, gender-affirming
surgery)

2. The tool was designed to measure the outcome of interest and has
questions judged to be sensible by our content experts (KD, CKM, and
SM). For example, the outcome of depression was measured with PROMIS
Depression Scale or ascertained by a licensed psychologist/psychiatrist.

Appendix 9. Sensitivity analysis by correlation coefficient for the systematic review
and meta-analysis assessing the effects of mastectomy in individuals with gender
dysphoria below 26 years of age. A sample of one outcome (depression after 6 months)

is shown below.

Depression after 6 months (Mean Change, r = 0.2)

Mean Mean
Study Mean SD Total IV, 95% CI IV, 95% CI
Kaur 2023 3.16 1.0017 68 3.16 [2.92; 3.40]
I T T T T 1
-30 20 -10 0 10 20 30
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Depression after 6 months (Mean Change, r = 0.5)

Mean Mean
Study Mean SD Total 1V, 95% CI 1V, 95% CI
Kaur 2023 3.16 0.7919 68 3.16 [2.97; 3.35]
I

I [ I I 1
-30 -20 -10 0 10 20 30

Depression after 6 months (Mean Change, r = 0.8)

Mean Mean
Study Mean SD Total 1V, 95% CI 1V, 95% CI
Kaur 2023 3.16 0.5010 68 3.16 [3.04; 3.28]
|

o]
! | I I 1
-30 =20 -10 0 10 20 30
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