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[bookmark: _Toc178173568]LAY ABSTRACT
During the COVID-19 pandemic, data from vaccine trials helped inform public health decisions. Some of these decisions were unfair towards different groups of people. This may have been due to poor data reporting in the vaccine trials. This data could include personal characteristics like sex, race, occupation, or where one lives. Thus, we examined data reporting in 144 COVID-19 vaccine trials. Most trials reported data on trial participants' age. There was much less reported use of other characteristics. Our results inform the discussion of how we can improve data reporting in research to reduce unfair health gaps.


[bookmark: _Toc178173569]ABSTRACT

BACKGROUND: During the COVID-19 pandemic, vaccines were developed in randomized controlled trials (RCTs). While RCT data informed decision-making, it may not apply to all populations. It is recommended that health equity stratifiers (HES) be used in RCT reporting, but their use in COVID-19 vaccine trials remains unclear.

OBJECTIVES: To review the importance of HES reporting in primary research, examine the use of HES in COVID-19 vaccine trials, and discuss areas for improvements of health equity reporting.

METHODS: This paper consists of three chapters. First, a literature review on social determinants of health, health equity during COVID-19, and research reporting practices was conducted. Second, COVID-19 vaccine trials consolidated in the COVID-NMA systematic review database from January 1, 2020, to February 8, 2023, were assessed for HES usage based on three criteria: 1) describing participants, 2) reporting equity-relevant results, and 3) discussing equity-relevant implications. Third, our findings are linked to literature on strategies to enhance health equity reporting.

Results: Chapter One highlighted how reported data influenced vaccine prioritization with subsequent effects on health inequities. In Chapter Two, 144 RCTs were reviewed, where age (100%), place of residence (100%), and gender/sex (99%) were the most used HES to describe participants. Age was most often used to disaggregate or adjust results (67%), followed by gender or sex (35%). Discussions of equity implications typically described generalizability concerning age (40% of studies). Nearly half (47%) considered at least one HES for all three criteria. No trials reported on religion, socioeconomic status, sexual orientation, or features of relationships. Chapter Three identified ways authors, journals, and other groups can improve reporting.

CONCLUSIONS: Effective reporting in primary research has an impact on health equity. Our review identified the state of health equity reporting in COVID-19 vaccine RCTs and proposed approaches to improve the reporting of HES.
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This thesis follows the format of a “sandwich” thesis. The first chapter is a literature review providing an in-depth background of my thesis topic. The second chapter is the
manuscript, which was published in the Journal of Clinical Epidemiology on March 4, 2024. The third chapter is a discussion of the implications of this thesis and concludes this work.
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[bookmark: _Toc135086691][bookmark: _Toc178173576]Chapter One: Background and Literature Review
The first section of chapter one provides an overview of the concepts underlying health inequities. The second section provides a contextualization of the role of health research reporting and policy responses during the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2 or COVID-19) pandemic. The third section will summarize this chapter and outline the objectives of this thesis.
[bookmark: _Toc178173577]1.1 What are Health Inequities?
Health as a concept bears different meanings depending on the context. Historically amongst Western medical paradigms, poor health was characterized by the presence of diseases or injuries (Leonardi, 2018). Later, the World Health Organization (WHO) introduced the definition of health as, “a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity” (World Health Organization, 1946). Subsequently, the Ottawa Charter introduced the view of health as a resource for living, rather than an end-state, which sparked moves to re-orient healthcare systems and improve the environments in which people lived (Leonardi, 2018; World Health Organization, 1986). This has also led to the emergence of more recent perspectives that emphasize sociological influences on health (Leonardi, 2018). To understand health inequities, I will first review the social determinants of health (SDOH)
[bookmark: _Toc178173578]1.1.1 The Social Determinants of Health
The SDOH are the circumstances in which people are born, grow, live, work, and play (Commission on Social Determinants of Health, 2008). These circumstances range beyond the receipt of medical care to include the historical, political, socioeconomic, and environmental contexts which influence measures of health and well-being (Marmot, 2005). Examples of the SDOH may be found in the literature, with seminal works dating back to the Industrial Revolution where poor health outcomes were associated with the working and poorer social classes (Yao et al., 2019). Since then, a growing body of literature has examined the influence of social factors (e.g., education, race, gender) on various health outcomes (P. Braveman & Gottlieb, 2014; Yao et al., 2019). 
The SDOH may significantly influence health outcomes, such as risk of disease, by as much as 50% (Commission on Social Determinants of Health, 2008). However, the relationships between the SDOH and health range from simple to complex, with many proposed pathways (P. Braveman & Gottlieb, 2014). An often-competing paradigm has been the “medicalization” of health whereby individual lifestyle factors have more often been the focus of interventions to improve health, instead of more effective strategies that target structural causes of health (e.g., the SDOH) (Dahlgren & Whitehead, 2021). A useful depiction that has helped broaden decision-makers’ understanding of health and its determinants is visually summarized in the Rainbow Model of the Main Determinants of Health by Dahlgren and Whitehead (Figure 1) (Dahlgren & Whitehead, 1991). Strengths of this social-ecological model include its inclusion of determinants which may be health-promoting or protective, in addition to risk factors. Furthermore, the model supports a more holistic view of health that is not tied to the presence or absence of disease (Dahlgren & Whitehead, 2021). 
[bookmark: _Toc178173538]Figure 1: Rainbow Model of the Main Determinants of Health
[image: FIGURE A–3. The Dahlgren-Whitehead model.]
Note. From “Policies and Strategies to Promote Social Equity in Health”, by Dahlgren and Whitehead, 1991.
In this model, there are four layers of health determinants, with the outermost layers (i.e., social, cultural, and environmental conditions) often visualized as exerting their effects from farther “upstream” relative to the more “proximal/downstream” layers (i.e., individual behaviours). A determinant on the outermost layer may exert its effects on health through a causal chain, whereby increasingly more proximal determinants are involved until there are effects on one’s health. However, it is more often the reality that there is a “causal web” that involves a complex interplay between determinants of various layers (Dahlgren & Whitehead, 2021; McDowell et al., 2024, Chapter 2).
Additionally, while this model introduces the main determinants of health, it is a less useful tool for exploring the mechanisms that generate health differences between population subgroups (Dahlgren & Whitehead, 2021). It is these health differences that I discuss next, as research involving the SDOH has largely been driven by the presence of glaring health gradients across groups in our societies (P. Braveman & Gottlieb, 2014; Yao et al., 2019).
[bookmark: _Toc178173579]1.1.2 Health Inequity 
There are variations in health amongst all groups of people; whether it be individuals, communities, or countries, gradients may be observed in health outcomes such as mortality or incidence of disease or injury (R. G. Evans et al., 2021). Some gradients, often described as inequalities, have typically been treated as descriptive with no judgment regarding its fairness (e.g., life expectancy differences between males and females due to biological differences) (T. Evans et al., 2001, Chapter 16).[footnoteRef:1] In other cases, the gradient is viewed as an ethical issue (e.g., life expectancy gradients across social classes) (Graham, 2004). To describe this latter subset of health gradients, I will use the term inequities, but acknowledge that other terms (i.e., inequalities, disparities) have also been used in the literature to describe the same type of health gradient.  [1:  The emergence of epigenetic research (i.e., gene-environment interactions) bears implications for what may have previously been considered “unavoidable” (P. Braveman & Gottlieb, 2014).] 

Health inequities were first defined as a subset of health differences that are considered to be unnecessary, avoidable, unfair, and unjust (Whitehead, 1992). While this widely used definition for “inequity” reduces the moral ambiguity associated with “inequality,” a challenge remains regarding the subjectivity in interpreting and applying the concepts of “unfair and unjust” or “avoidable” (P. Braveman, 2006). Thus, depending on the context and perspective, the same health gradient may or may not be regarded as an inequity. In a proposed definition to better characterize health inequities, Braveman proposed the following definition:
“A health disparity/inequality is a particular type of difference in health … that could potentially be shaped by policies; it is a difference in which disadvantaged social groups (such as the poor, racial/ethnic minorities, women, or other groups that have persistently experienced social disadvantage or discrimination) systematically experience worse health or greater health risks than more advantaged groups.” (P. Braveman, 2006, p. 180)
Made clearer in this definition is that health inequities are differences in health that are addressable through action (i.e., policies). Braveman’s definition also helps introduce the relevance of using attributes (e.g., race or gender) to categorize population subgroups for the identification of health inequities. These attributes, which I call health equity stratifiers in the manuscript of Chapter 2, are derived from the SDOH; their purposeful use facilitates actions to achieve equity-focused goals (e.g., identification of health gradients, monitoring the impact of interventions), to be further discussed in subsection, 1.2.1. However, there are limits to the use of individual health equity stratifiers as descriptors; they are reductionistic and do not explain the complex social mechanisms (e.g., intersectionality) underlying inequities in health (discussed further in subsection 1.1.3) (Hill Collins & Bilge, 2016, Chapter 1; World Health Organization, 2010).
[bookmark: _Hlk177739714]	Given Braveman’s definition, it is vital to make clear that health inequities should not be reduced to a health disadvantage experienced only by the least privileged. The challenge with a “disadvantage” framing is that it transforms a societal structure (that impacts everyone in the society) to a condition that only those at the bottom as exposed to (Graham, 2004). Furthermore, caution is advised when treating health inequities as differences in health between the most and least privileged (Graham, 2004). The challenge with viewing inequity as only a “health gap” between the least healthy and a comparator is that it again focuses on those at the bottom as “pulling the average down” (Graham, 2004). The reduction of health inequities to these concepts results in efforts directed more toward minorities and their individual lifestyles rather than the entire population and the privileges enjoyed at the top of the socioeconomic hierarchy (Graham, 2004).
For these reasons, an adjustment to the concept of health inequities is that these are health “gradients/differentials.” Graham argues that this framing widens the possibilities for health equity policies by prompting the search for structural causes of health inequities; this subsequently results in policy goals that are inclusive towards the entire population instead of focused only on the most disadvantaged (Graham, 2004). Altogether, this discussion on the definition of health inequity is not just a matter of semantics; it is a framing of mind which can have implications for how we think of health and subsequently what kind of solutions are generated to help address inequities.
[bookmark: _Toc178173580]1.1.3 Linking the SDOH to Health Gradients and Inequities
Armed with an understanding of the SDOH and the gradients in health, it remains difficult to systematically think about how the SDOH and health inequities are related. The Diderichsen model of The Mechanisms of Health Inequality provides a framework for understanding these relationships (T. Evans et al., 2001, Chapter 2).
In this model, each person occupies a “social position” that is their social standing within the society in which they live (T. Evans et al., 2001, Chapter 2); this position may be characterized by attributes such as the health equity stratifiers mentioned previously (e.g., race). The way people obtain or are allocated their social position (the process of social stratification) is influenced by the “social context” and “driving forces” (Dahlgren & Whitehead, 2021; T. Evans et al., 2001, Chapter 2). The social context may be likened to the distant/upstream SDOH in the outermost layers of Dahlgren and Whitehead’s Rainbow model.[footnoteRef:2] While not named in Diderichsen’s model, Dahlgren and Whitehead describe the driving forces as influences that affect nearly all SDOH (e.g., commercial interests driving privatization of public services, racial discrimination) (Dahlgren & Whitehead, 2021). [2:  The terms, “structural determinants” and “social determinants of health inequities” have been used by the World Health Organization (WHO) to specify the interplay between social, economic, and political mechanisms that result in the social stratification of individuals (World Health Organization, 2010).] 

Having introduced health equity stratifiers to this discussion, I must clarify that social position is seldom understood as a single characteristic. Instead, an intersectionality perspective posits that one’s social position, the social context, and driving forces are better understood as being shaped by many factors that influence each other (Hill Collins & Bilge, 2016, Chapter 1). Thus, the use of a single health equity stratifier to describe social position is reductionistic and [over]simplifies a person’s social identity and the unique social interactions they experience. For example, the healthcare experiences of Black patients in America are different from the experiences of Black women patients; a focus only on race does not acknowledge how gender interacts with social position and driving forces to create inequities (Chinn et al., 2021; van Ryn, 2002). 
The Diderichsen model posits that all societies distribute resources and opportunities unequally across social positions; consequently, different social positions will confer: (a) differential exposures and (b) differential vulnerabilities to disease/injury that may yield (c) differential social consequences of ill health which may in turn feedback on the “social context” (T. Evans et al., 2001, Chapter 2). Thus, inequitable societal gradients, generated by the social context and driving forces, ultimately contribute to creating inequitable gradients in health.
These concepts from the Diderichsen model are further expanded upon in a framework by the WHO Commission on the SDOH that was developed to link the SDOH to health inequities (World Health Organization, 2010) (Figure 2). In this framework, “structural determinants” are a subtype of social determinant identified as the root cause of health inequities (World Health Organization, 2010). These structural determinants refer to the interplay between the socioeconomic-political context (e.g., cultural values), structural mechanisms generating social stratification (e.g., discrimination by gender), and the resulting socioeconomic position of individuals. These are distinguished from the “intermediary determinants” which are more downstream (e.g., working conditions and healthcare). Social capital and cohesion are also identified as cross-cutting determinants that, depending on conceptualization, may be structural or intermediary (World Health Organization, 2010). 
[bookmark: _Toc178173539]Figure 2: Framework for the Social Determinants of Health and Health Inequities
[image: ]
Note. From “A Conceptual Framework for Action on the Social Determinants of Health: Social Determinants of Health Discussion Paper 2”, by the World Health Organization, 2010.
[bookmark: _Toc178173581]1.2 The Impact of Health Research Reporting on Health Inequities
This second section applies concepts of the SDOH and health equity stratifiers to inequities from the COVID-19 pandemic and further demonstrates the influence of health data disaggregation on public health practices. I will then discuss how health equity stratifiers are used in what is commonly perceived as the gold standard of health research evidence.
[bookmark: _Toc178173582]1.2.1 Pandemic Inequities
The COVID-19 pandemic beginning in late 2019 is a useful case to illustrate the relationships of the SDOH to health. Furthermore, the COVID-19 pandemic provides prime examples of how the use (or lack of use) of health equity stratifiers in the evidence can have dramatic effects on how health inequities are addressed.
Early into the pandemic, stratification of population data on incidence and mortality rates helped identify striking gradients in populations across the world. For instance, one of the earliest documented inequities included markedly higher case fatality rates amongst older adults (e.g., 65+) compared to local population averages, largely due to greater susceptibility and vulnerability (Ismail et al., 2020; Shahid et al., 2020). “Frontline” occupations (i.e., workers in healthcare, informal sectors, retail, and service industries) also experienced disproportionately higher infection rates, in part due to greater risks of exposure to the virus (Upshaw et al., 2021). These selected examples illustrate the role of health equity stratifiers (i.e., age and occupation) in the identification of health gradients within health data. This evidence subsequently informed research priorities, prediction models, and the frameworks used by decision-makers for policies such as vaccine rollout prioritization; during COVID-19, this resulted in frontline workers and older adults being amongst the first groups to receive vaccine doses (Chapman et al., 2022; World Health Organization, 2020).
However, in contrast to stratified population data permitting a more granular focus by age group or occupation, there was a lack of available data for groups characterized by other health equity stratifiers. Globally, most national databases were analyzed using aggregate outcome measures without the use of health equity stratifiers (e.g., gender, geographic location, race or ethnicity) (T. Evans et al., 2001, Chapter 21; Global Health 50/50 et al., n.d.). As illustrated in the cases of Canada and the United States, the dearth of disaggregated data was attributed in part to a lack of comprehensive national guidance regarding data collection and reporting standards for many health equity stratifiers (e.g., race and ethnicity) in epidemiological data (Canadian Public Health Association, 2021; Xian et al., 2021). The lack of guidance and data may have contributed to a similarly narrow approach in many primary studies, such as vaccine trials.
Recalling the limitations of focusing on single (or few) health equity stratifiers, it is insufficient to focus on only one characteristic as it will draw attention away from the complex interactions contributing to health and inequities (Hill Collins & Bilge, 2016, Chapter 1). In the context of vaccine prioritization, this meant that while decision-makers were aware that certain populations, in addition to older adults, could be prioritized to further reduce infections and deaths, limited data disaggregation prevented the identification of these groups and consequently limited the targeting of some interventions (Chapman et al., 2022; Saadi et al., 2021). For instance, while frontline workers (e.g., healthcare, early education) were amongst those prioritized for vaccines in the United States and Canada, the limited reporting of analyses by sex or gender in COVID-19 vaccine studies caused concerns due to the high proportion of women in these occupations (Hawkes et al., 2022; Rho et al., 2020; Vassallo et al., 2021). These policies persisted despite reports of females tending to experience more adverse events in some COVID-19 vaccine studies compared to males (Hawkes et al., 2022; Vassallo et al., 2021). Moreover, when some jurisdictions first imposed vaccine mandates for these occupations, pregnant individuals were left unsure of how to proceed in part due to a continuing trend of exclusion from the vaccine trials that informed decision-makers (Kons et al., 2022; Smith et al., 2020).
Made clearer in this discussion of the COVID-19 pandemic is that the consideration of health equity stratifiers in the research evidence has implications for health equity at decision-making levels. The use of age demonstrates the potential for the use of health equity stratifiers in health data to identify health gradients, inform the development of tailored policies and programs to improve health outcomes, and facilitate monitoring and analyses of health inequities (T. Evans et al., 2001, Chapter 21). In contrast, the lack of consideration by early COVID-19 responses for the unique challenges faced by women, amongst other population subgroups (e.g., racial or ethnic minorities), highlights how poorly collected or reported data [regarding the SDOH] reflects prevailing unjust social hierarchies that may subsequently manifest as health inequities (Antequera et al., 2021; P. A. Braveman et al., 2022; Hawkes et al., 2022). To better identify and address inequities, we must broaden the use of health equity stratifiers and consider multiple characteristics as opposed to single dimensions. Consequently, there is a strong rationale for improving the reporting of health equity in health research.
[bookmark: _Toc178173583]1.2.2 Reporting in The Randomized Controlled Trial
 In my thesis, I will focus on randomized controlled trials (RCTs) of COVID-19 vaccine efficacy or safety as the unit of analysis. Given the fast-tracking of vaccine development and approvals, there was a rapid rise in the number of RCTs on the same topic, thus providing a large sample size for analysis. Furthermore, health policy, health care, and research priority decisions are guided by diverse types of evidence (Oxman et al., 2009), among which evidence based on systematic reviews of RCTs are viewed as a ‘gold standard’ (Hariton & Locascio, 2018). This subsection outlines the context influencing the consideration for health equity in the conduct and reporting of these studies.
As illustrated by the lack of reported data specific to women, pregnant individuals, and racial minorities in vaccine data, conclusions drawn from early COVID-19 vaccine RCTs did not apply to everyone. This was in part due to a lack of inclusion; historically, certain groups (e.g., women, pregnant or lactating individuals, racial and ethnic minorities, and incarcerated individuals) have been treated as “vulnerable groups” to be protected from research (Blehar et al., 2013). This systemic exclusion has contributed to challenges (e.g., vaccine hesitancy) in the uptake of policies prioritizing and mandating vaccines (Beretta & Marelli, 2023; Li et al., 2023; Shekhar et al., 2021). Fortunately, this has begun to change with relatively recent policies, such as the National Institutes of Health (NIH) Revitalization Act of 1993 in the United States and evolving societal discourse regarding the value of broadening inclusion in clinical research (Geller et al., 2018; Spong & Bianchi, 2018). However, while policies have somewhat succeeded in broadening inclusion for some RCTs, there has been less improvement in the reporting of disaggregated results (Geller et al., 2018). 
It then falls to reporting guidelines to encourage better reporting in RCTs and other research studies. These reporting guidelines are often checklists comprising a set of items that should be included in the written report of a study (Altman & Simera, 2014). While reporting guidelines do not prescribe the methodology of a study, they nevertheless will influence the conduct (e.g., data collection and analyses). For RCTs, many reputable academic journals expect researchers to follow the 2010 Consolidated Standards of Reporting Trials (CONSORT) (Moher et al., 2010).
There are additional extensions to CONSORT to account for different RCT designs and contexts. The CONSORT-Equity 2017 reporting standards are an extension intended for “randomised trial[s] relevant to health equity,” which refers to trials where evidence is provided regarding any of the following: “(a) effects in a population considered to be disadvantaged, (b) difference or equivalence in effects across socially stratifying factors, or (c) gradient of effects across socially stratifying factors ” (V. Welch et al., 2015; V. A. Welch et al., 2017).
The CONSORT-Equity extension adds to 16 of the 25 items from the original CONSORT guidelines and includes an additional item. These equity extension additions include the reporting of population demographics using relevant health equity stratifiers (item 15), reporting results of health equity analyses (items 18 and 19), and discussion of implications on health equity (items 20 and 21) (V. A. Welch et al., 2017). The equity extension also refers to the PROGRESS-Plus framework as a tool to support users in identifying relevant health equity stratifiers. PROGRESS refers to the following: Place of residence (P), Race/ethnicity (R), Occupation (O), Gender (G), Religion (R), Education (E), Socio-economic status (S), and Social capital (S) (O’Neill et al., 2014). The “Plus” component was added to allow for consideration of other context-specific factors (e.g., age, disability, sexual orientation) (Kavanagh et al., 2008).
The benefits from studies that follow the CONSORT-Equity extension include improving the ability of readers to make judgements of the applicability of an RCT based on its sample characteristics and subgroup or stratified analyses (V. A. Welch et al., 2017). Moreover, increased reporting of disaggregated results facilitates the conduct of additional analyses such as meta-analysis. Furthermore, RCT investigator discussions of the health equity context, methodological strengths or challenges, and implications for equitable policies or programs help to inform future research design and discussions amongst knowledge users (V. A. Welch et al., 2017).
Despite these benefits, adherence to reporting guidelines is variable, in part due to variable uptake by academic journals, as well as practical constraints on researchers (e.g., time, local policies on data handling, publishing word counts, lack of awareness of guidelines) (Ghosn et al., 2019; Yin et al., 2021). A review of 53 RCTs that included patients with COVID-19 found adherence to the CONSORT checklist items to be 53.85% (Yin et al., 2021). No reviews have evaluated the adherence to the CONSORT-Equity extension specifically. In the context of COVID-19 vaccine trials, it is unlikely this extension was widely or explicitly considered given the fast-tracking of development and approvals for the vaccines (Beretta & Marelli, 2023).[footnoteRef:3] Nonetheless, the underlying rationale for the CONSORT-Equity extension ought to be considered, particularly since data from COVID-19 vaccine RCTs has implications for health equity, as previously discussed.  [3:  The fast-tracking of vaccine development and approval is also associated with health equity issues, such as reduced enrollment of certain population subgroups (i.e., racial minorities) that can lead to reduced RCT generalizability and vaccine hesitancy amongst lesser-represented groups (Beretta & Marelli, 2023).] 

[bookmark: _Toc178173584]1.3 Summary and Study Rationale
In this chapter, I first reviewed the SDOH and introduced the concept of health equity stratifiers as population descriptors derived from the SDOH. I then briefly discussed how health inequities are related to unjust social gradients and dynamics. In the second section, I introduced the COVID-19 pandemic as the setting for this thesis and outlined examples of pandemic responses which had mixed effects on health inequities for members of the same society. I subsequently established that these pandemic responses were informed by data from primary research, whereby the quality of data reporting in the evidence base has implications for the health equity impact of population-level decisions. I concluded with the rationale for using RCTs as my target unit of analysis and provided an overview of the influences on how data from RCTs are reported.
Given the rationale for improving health equity reporting in health research, such as in vaccine RCTs for COVID-19, it remains unclear as to the current state of health equity reporting in these studies. To assess this, I introduce three criteria that are explained further in the methods section of Chapter 2 (Section 2.3). This methodological study (Chapter 2) on COVID-19 vaccine trials will provide researchers and decision-makers an opportunity to better understand where we can improve regarding sociodemographic reporting and health equity considerations in research. 
[bookmark: _Toc178173585]1.3.1 Thesis Objectives
Altogether, the objectives of my thesis are:
1. To review the rationale for improving health equity reporting in primary health research and outline relevant resources for researchers to consider.
2. To critically examine the use of health equity stratifiers in published COVID-19 vaccine trials according to three criteria: (a) description of participants included in the trial (b) disaggregation of study results, and (c) discussion of equity-relevant implications.
3. To discuss ongoing challenges and avenues to improve health equity reporting in vaccine RCTs.
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Background: An emerging body of randomized controlled trials (RCTs) on COVID-19 vaccines has served as the evidence base for public health decision-making. While it is recommended that RCTs report results by health equity stratifiers to reduce bias in healthcare and gaps in research, it is unknown whether this was done in COVID-19 vaccine trials.

Objective: To critically examine the use of health equity stratifiers in COVID-19 vaccine trials. 

Study Design: We conducted a methodological review of published COVID-19 vaccine trials available in the COVID-NMA systematic review database through February 8, 2023. Based on the PROGRESS-Plus framework, we examined the following health equity stratifiers: place of residence, race/ethnicity, occupation, gender/sex, religion, education, socio-economic status, social capital, age, disability, features of relationships, and temporary situations. We assessed each study in duplicate according to three criteria for comprehensive health-equity reporting: 1) describing participants, 2) reporting equity-relevant results, and 3) discussing equity-relevant implications of trial findings.

Results: We reviewed 144 trial manuscripts. The most frequently used PROGRESS-Plus stratifiers to describe participants were age (100%), place of residence (100%), gender/sex (99%), and race/ethnicity (64%). Age was most often used to disaggregate or adjust results (67%), followed by gender or sex (35%). Discussions of equity-relevant implications often indicated limited generalizability of results concerning age (40% of studies). Half (47%) of the studies considered at least one health equity stratifier for all three criteria. No trials included stratifiers related to religion, socioeconomic status, sexual orientation, or features of relationships.

Conclusion: COVID-19 vaccine trials provided a limited description of health equity stratifiers as defined by PROGRESS-Plus and infrequently disaggregated results or discussed the study implications as they related to health equity. Considering the health disparities exacerbated during the pandemic, increased uptake of PROGRESS-Plus in RCTs would support a more nuanced understanding of health disparities and better inform actions to improve health equity.

Key words: COVID-19; Equity; PROGRESS plus; methodological review; content analysis; vaccine


[bookmark: _Toc178173589]2.2 Introduction

As the severe acute respiratory syndrome coronavirus 2 (COVID-19) pandemic unfolded, vaccine development efforts surged in response. By November 26, 2023, over 13.5 billion vaccine doses have been administered to reduce the spread of COVID-19 [1]. These vaccines have been developed and tested through studies including randomized-controlled trials (RCTs). Data from RCTs are often used in systematic reviews that inform guideline development and policies. However, the conclusions drawn from RCTs may not apply to everyone. For instance, as the first COVID-19 vaccines were approved, there were concerns regarding the prioritization of healthcare workers (generally a workforce with a high proportion of women) for vaccination due to the limited reporting of analyses by sex or gender in vaccine studies [2,3]. In other cases, the use of these vaccines by other subpopulations in society, such as people with suppressed immunity, remained uncertain due to a lack of inclusion or reported analyses in vaccine trials [4]. Thus, while COVID-19 vaccine trials provide important information about vaccine safety and efficacy, they also hold the potential to identify health gradients across population subgroups that can better inform actions to address inequities in health. However, the extent to which this potential is realized within trials remains unclear.

Health equity refers to the absence of health differences between people that are unnecessary, avoidable, unfair, and unjust [5]. The PROGRESS-Plus framework is a tool that can inform the consideration of health equity stratifiers at all stages (design and conduct, analysis, reporting, and use) of research [6]. Developed in 2003 as a tool to highlight the intersectionality and health gradients across population subgroups, the acronym stands for the following stratifiers: Place of residence (P), Race/ethnicity (R), Occupation (O), Gender (G), Religion (R), Education (E), Socio-economic status (S), and Social capital (S) [7]. In 2008, the “Plus” component was added to allow for consideration of other context-specific factors (e.g., age, disability, sexual orientation) [8]. In 2017, PROGRESS-Plus was incorporated into the Consolidated Standards of Reporting Trials (CONSORT) as an equity extension [9]. This updated official checklist included suggestions for researchers to improve the reporting of health equity-relevant trials. Other work related to the development of CONSORT also provides guidance on how researchers can apply PROGRESS-Plus in the design of clinical trials [10]. First, this includes the collection of data on equity-relevant stratifiers, such as those in the PROGRESS-Plus framework. Second, results may be disaggregated by PROGRESS-Plus stratifiers to demonstrate differential effects on study outcomes, and subgroups may be created for secondary analyses that quantify the magnitude of these differences. Subgroup data can also be used in meta-analyses to potentially overcome the lack of statistical power commonly faced by subgroup analyses within trials [11]. Third, investigators are encouraged to discuss the implications of these equity-relevant findings, such as identifying avenues for future study or considerations for practice. Ideally, a study would address health equity in all three ways.

The urgent nature of COVID-19 has prompted researchers to focus on rapidly disseminating safety and efficacy information regarding vaccines to inform broad vaccination policies. However, the inequitable impact of COVID-19 infection, severity, and mortality within and between populations emphasizes that it is important for health equity to be considered in the evidence which informs practice.

[bookmark: _Toc178173590]2.2.1 Objectives

To critically examine the use of health equity stratifiers in published COVID-19 vaccine trials according to three criteria: 1) a description of participants included in the trial 2) a disaggregation of study results, and 3) a discussion of equity-relevant implications. 

[bookmark: _Toc178173591]2.3 Methods

[bookmark: _Toc178173592]2.3.1 Eligibility
Eligible studies for our review were peer-reviewed manuscripts of randomized trials or subsequent analyses using eligible trial data. Preprints status before May 5, 2023, and duplicate records were excluded. We made no exclusion based on language, vaccine type, trial design, COVID-19 variant, or study population.

[bookmark: _Toc178173593]2.3.2 Search
We downloaded all records from inception (January 1, 2020) to February 8, 2023 (N=217) from the COVID-19 living Network Meta-Analysis (COVID-NMA) database for vaccine RCTs (https://covid-nma.com/vaccines/) [12]. This database was routinely updated by periodic searches of trial registries, preprint servers, and the published literature [12]. It includes prime vaccination and booster trials up to December 14, 2022, and subsequent updates have only included booster trials [12]. The living systematic review for this database has made no exclusions based on randomized trial design, publication language, or publication status [12].

[bookmark: _Toc178173594]2.3.3 Screening and Data Abstraction

Record screening was conducted in duplicate (R.K., S.S., and R.P.) using a standardized form in Microsoft Excel that was piloted using a sample of the first ten studies (~3%) [13]. Disagreements were resolved by discussion and consensus. Data extraction was also conducted in duplicate, where the reviewers read the entire full text and supplemental documents associated with each publication to record study characteristics and capture outcome data regarding each of the 13 PROGRESS-Plus health equity stratifiers (place of residence, race/ethnicity/language/culture, occupation, gender/sex, religion, education, social capital, socioeconomic status, age, disability, sexual orientation, features of relationships, and temporary situations). Interrater reliability was measured using Cohen’s Kappa, interpreted based on the benchmarks outlined by Landis and Koch, and calculated separately for the screening and data extraction phases [14]. The calculation for data extraction included the combined observations for all PROGRESS-Plus stratifiers across criteria 1 and 2.

[bookmark: _Toc178173595]2.3.4 Criteria to evaluate the use of Health Equity Stratifiers

To evaluate the use of health equity stratifiers in trial manuscripts, we developed three criteria based on the framework developed by Jull et al. and items from the CONSORT Equity Extension checklist [9,11]. These criteria included the use of each of the PROGRESS-Plus health equity stratifiers to 1) report data to describe participants, 2) report disaggregated or adjusted results, and 3) discuss equity-relevant implications of study findings.

[bookmark: _Toc178173596]2.3.4.1 Criterion 1: PROGRESS-Plus to Describe Participants

Any stratifiers fitting under a larger PROGRESS-Plus concept were accepted under this criterion (e.g., occupational risk for COVID-19 exposure and healthcare worker status are both variables fitting under Occupation). Additionally, due to a problematic prevalence of terms being used interchangeably within the PROGRESS-Plus stratifiers of sex/gender and race/ethnicity, we made note of these differences during data collection [15,16]. In studies which used surrogate data (e.g., parental data for occupation when studying non-adult populations), we considered this as using PROGRESS-Plus but made note of the surrogate use. Conceptual and operational definitions for each PROGRESS-Plus factor are available in Table S1 of the Supplement.

[bookmark: _Toc178173597]2.3.4.2 Criterion 2: PROGRESS-Plus to Disaggregate or Adjust Results

This criterion was met if results of subgroup comparisons (either pre-specified or exploratory) were reported, or if an informal description of outcomes within individuals characterized by one or more PROGRESS-Plus dimensions was provided (e.g., one sentence describing adverse events in three older-adult male participants that are not indicated elsewhere in analyses or tables). We also accepted the reporting of correlations or associations (or the lack thereof) between outcomes and PROGRESS-Plus stratifiers. To accommodate for trials that explicitly focused on a specific group experiencing disadvantage, this criterion was also fulfilled if a focus on a specific group experiencing disadvantage was indicated by title, objective, and/or methods. 

[bookmark: _Toc178173598]2.3.4.3 Criterion 3: PROGRESS-Plus in Discussing Study Implications

To evaluate this criterion, we needed to consider the contextual nature of discussions regarding health equity stratifiers (i.e., whether the discussions were equity-relevant). Thus, we applied a deductive content analysis approach to analyze the contextual use of each PROGRESS-Plus stratifier, where the unit of analysis was the “discussion/conclusion” section of manuscripts [17]. We used the CONSORT-Equity extension items 18b-21 to inform the development of our categorization matrix, and subsequently coded text based on the following 5 categories of equity-relevant discussions: limitations to study and/or generalizability of results, recommendations for further research, implications for clinical practice, implications for national/local policy, and challenges encountered (e.g., difficulty recruiting or retaining from a subpopulation) [9]. During this process, the same text could be coded into multiple categories and PROGRESS-Plus stratifiers (e.g., a sentence describing limitations to generalizability for women and children followed by recommendations for additional research in these specific groups). After the pilot coding of 10 records, all texts were coded independently and in duplicate between three reviewers (R.K., R.P., S.S.). Our categorization matrix was unstructured, meaning that our analysis was not restricted to the predetermined categories [17]. Text that the reviewers felt were relevant but did not fit into the predetermined categories were flagged for discussion. During the first round of coding, the reviewers met regularly to discuss discrepancies and adjust the codebook. This process yielded three additional categories: global implications, strengths of the study, and rationale for the study. This was followed by a second round of coding with the newly refined categories. Keywords and core concepts used to facilitate consistent coding are summarized in Table S2. Overall, this criterion was fulfilled by studies that coded for any of the equity-relevant discussion categories. 
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Our primary outcome was achieved when a study fulfilled all three criteria. Our secondary outcome included the achievement of each individual criterion. These were assessed overall and for each PROGRESS-Plus health equity stratifier. 
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We reported descriptive data and outcome results for each of the 13 PROGRESS-Plus stratifiers using frequencies and percentages. For each of our three criteria, we presented the number of distinct PROGRESS-Plus stratifiers and calculated the associated median, first quartile, and third quartile. We also summarized the number of studies meeting each criterion for each PROGRESS-Plus stratifier. We additionally assessed how many studies fulfilled all three criteria. These results were additionally stratified by month of publication. 
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Of 217 studies, we included 144 eligible published manuscripts for data extraction. Figure 3 illustrates the flow of studies from screening to inclusion. Interrater agreement was almost perfect for screening (k = 0.96, 95% CI: 0.92, 1.00) and for data extraction (k = 0.81, 95% CI: 0.77, 0.84). The included manuscripts mostly reported phase II (19%), III (22%), or multi-phase (30%) trials published in either 2021 (41%) or 2022 (47%). The most represented WHO region was the Western Pacific (30%), with few trials conducted solely in the African (2%) or Eastern Mediterranean (4%) regions. Table 1 summarizes the characteristics of the included manuscripts.

[bookmark: _Toc178173602]2.4.1 Criterion 1: Describing Participants

All 144 trial manuscripts met criterion 1 using at least one PROGRESS-Plus stratifier. The median (quartile 1; quartile 3) number of stratifiers reported was 3 (2.5; 4). The most used stratifiers were place of residence (100%), age (100%), and sex/gender (99%). No manuscripts used any stratifiers relating to religion, socioeconomic status, sexual orientation, or features of relationships. Table 2 summarizes the number of PROGRESS-Plus stratifiers used across studies for each criterion, and Table S3 summarizes the specific variables used within each PROGRESS-Plus stratifier to describe participants. 

[bookmark: _Toc178173603]2.4.2 Criterion 2: Disaggregating or Adjusting Results

Most trials (75%) met this criterion with at least one PROGRESS-Plus stratifier. The median number of stratifiers used for reporting disaggregated or adjusted results was 1 (0.5; 2). The majority of these studies used age (N=97, 67%) to disaggregate results. Table S4 summarizes the specific stratifiers used within each PROGRESS-Plus stratifier to meet criterion 2.

[bookmark: _Toc178173604]2.4.3 Criterion 3: Discussing Implications

Most trials (76%) met this criterion where the median number of PROGRESS-Plus stratifiers used was 1 (1; 2). The most common discussions described limitations to the study and/or generalizability of results relating to younger or older age groups (N=57, 40%), underrepresented racial/ethnic groups (N=26, 18%), and/or populations that were often excluded from participation such as people living with immunosuppression (N=12, 8%) or pregnant people (N=10, 7%). Other discussions included recommendations for further research in specific age groups (N=24, 17%), underrepresented racial/ethnic groups (N=10, 7%), or discussions of the trial implications on a global scale with regards to the accessibility of the trial vaccine in low- and middle- income countries or other resource-scarce settings (N=12, 8%). All other equity-relevant discussions were identified in less than 10 studies for each PROGRESS-Plus stratifier. We found no text discussed equity-relevant implications relating to religion, education, social capital, socioeconomic status, sexual orientation, or features of relationships. Table S5 in the Supplement summarizes the results of our content analysis with example excerpts.

[bookmark: _Toc178173605]2.4.4 Trials Meeting all Three Criteria

Of the entire sample (N=144), less than half of the trials (47%) met all three criteria for at least one PROGRESS-Plus stratifier (median=0, Q1=0, Q3=1). The most common health equity stratifier was age (N=56, 82%, followed by place of residence (N=9, 13%), disability (N=9, 13%), gender or sex (N=7, 10%), occupation (N=4,6%), and race or ethnicity (N=4, 6%). Only 14 (9%) trials met all criteria for more than one PROGRESS-Plus health equity stratifier. Table 3 presents the number and percentage of manuscripts fulfilling each criterion for each PROGRESS-Plus stratifier.

In comparison to the trials fulfilling all three criteria, 108 (75%) of trials met criteria 1 and 2 for any PROGRESS-Plus stratifier. The breakdown of these trials by PROGRESS-Plus is available in Table S6 of the Supplement.

We additionally stratified the trials fulfilling each criterion by publication date using six-month intervals, for the PROGRESS-Plus stratifiers of place, race/ethnicity, occupation, gender/sex, age, and disability. We could not include the other PROGRESS-Plus stratifiers due to insufficient data points. Over a 3-year time interval, the use of health equity stratifiers to describe participants remained relatively constant, except for disability, where fulfillment of our criteria peaked between July 2021 and 2022. These results are summarized in Figures S1-6 of the Supplement.

[bookmark: _Toc178173606]2.5 Discussion

We critically examined the use of PROGRESS-Plus health equity stratifiers in a sample of 144 COVID-19 vaccine trial manuscripts to 1) describe participants, 2) disaggregate or adjust results, and 3) discuss equity-relevant implications. Less than half (47%) of the included trials fulfilled all three of these criteria for any PROGRESS-Plus stratifier; these trials may be interpreted as having fully reported on health-equity relevant information. Of the 68 trials fulfilling all three outcomes, 54 (79%) did so for only one health equity stratifier. Given that health inequities typically result from a combination of dimensions rather than a single factor alone, it remains important to consider the complex role of multiple stratifiers when investigating health equity [6]. Taken together, our findings suggest a need for improved uptake of health equity stratifiers in COVID-19 vaccine trials. Doing so in these and other primary studies will strengthen them as a resource for researchers and decision-makers to inform equitable research priorities and the development of more equitable policies.

The limited range of PROGRESS-Plus stratifiers covered in our sample of manuscripts is not surprising. For instance, the most used health equity stratifiers (e.g., age, place of residence, gender/sex, race/ethnicity) to describe participants are supported by three earlier methodological reviews of trials in other fields and one of systematic reviews studying HIV [18–22]. The high case-fatality of COVID-19 in older adults prompted a focus on this age group and may help explain why age was the most commonly used stratifier [23]. Additionally, country-level disparities in vaccine access and differences in health outcomes by sex were identified as the pandemic progressed [24,25]. However, our stratified analysis by publication date suggested that there has been little change in the use of these health equity stratifiers from July 2020 to July 2023. That said, this secondary analysis may be impacted by time-lag or publication bias. In a review of vaccine preventable diseases using the vaccine-adapted version of PROGRESS-Plus (P2ROGRESS And Other Factors), age, gender, and pre-existing conditions were the most common stratifiers [26]. This framework’s identification of “pre-existing conditions” is similar to our identification of trials focusing on patients with immunocompromise, where both may reflect how mounting evidence has demonstrated health inequities related to elevated disease susceptibility and severity in immunocompromised individuals [27]. The higher proportion of trials reporting “pre-existing conditions” in the review by Gates et al. may be due to the P2ROGRESS framework’s broader inclusion of disability, chronic disease, and other conditions (e.g., pregnancy, immunocompromised status) under a common stratifier.

We found that while all trials used at least one PROGRESS-Plus stratifier to describe participants (criterion 1), only 75% additionally disaggregated/adjusted results (criterion 2). This 25% divide is smaller than previously identified gaps, and may be due to our broader definition of criterion 2, or the COVID-19 trial context where certain subgroups (e.g., older adults) were often prioritized for research [20,21]. Nonetheless, it remains valuable to reduce this gap in various contexts because the combined reporting of demographic data and subgroup analyses using health equity stratifiers creates “equity relevant” trials that may provide evidence for an intervention’s differential impacts between different population subgroups [11]. Despite this, many manuscripts continue to describe participant subgroups without reporting subgroup-specific results. There may exist barriers that discourage researchers from greater reporting, such as limited word counts or concerns of insufficient power for additional analyses. The latter was suggested by our content analysis where some authors noted small sample sizes as a limitation to generalizability. In such cases, however, it is still encouraged to provide results which may support future studies in the form of meta-analyses [11]. To support researchers in the collection, analysis, and reporting of disaggregated data, various recommendations and guidelines have been published, including guidance specific to COVID-19 [28–32]. 

[bookmark: _Toc178173607]2.5.1 Limitations and Strengths

Our study was limited by the exclusion of preprints which may have become published after our screening phase (ending on May 5, 2023). Thus, while we may have achieved a representative sample of COVID-19 vaccine RCTs, this was not a comprehensive review. Second, we selected studies that were identified by an independent research group where we had no control over the methods used to derive the dataset we used. However, we are confident in the methods used for the COVID-NMA living systematic review as they have been peer-reviewed and transparently reported [12]. Additionally, the decision to leverage an existing database improved the efficiency of our research and is a strength of our approach. Another strength includes our application of published reporting guidelines and established health equity frameworks to conduct an in-depth examination of multiple levels of health-equity considerations in primary research. Future studies should also consider the stratifiers and definitions presented in the P2ROGRESS And Other Factors framework, as this has been validated for use in studies of vaccine-preventable diseases [26,33]. Other strengths of this study include the focus on a contemporary issue that has highlighted health disparities within populations around the world; our exploration of the limited consideration for subgroups in primary research may be one of the many systematic barriers contributing to the health inequities that were worsened or created during the COVID-19 pandemic. 

[bookmark: _Toc178173608]2.6 Conclusion

We have examined the use of health equity stratifiers in published COVID-19 vaccine trials according to three criteria. We identified limited reporting of participant demographics beyond age, sex, and broad geographic location. We also identified gaps in the use of PROGRESS-Plus health equity stratifiers to describe participants, report disaggregated or adjusted results, and discuss study implications. To support actions that reduce health inequities within and between populations, it is essential to improve the use and reporting of multiple health equity stratifiers in primary studies. We encourage researchers to consider the application of the PROGRESS-Plus framework towards study design, conduct, and knowledge translation.

Master’s Thesis – R. Kou; McMaster University – Public Health



[bookmark: _Toc178173609]2.7 Tables and Figures
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[bookmark: _Toc171858940][bookmark: _Toc171859199][bookmark: _Toc178173540]Figure 3: Flowchart of Study Inclusion
[bookmark: _Figure_1:_Flowchart]217 studies were downloaded from the COVID living Network Meta Analysis (NMA) Database on February 8, 2023. After excluding duplicates and preprints (status last evaluated on May 5, 2023), 144 trial manuscripts were included for analysis.



[bookmark: _Toc171859052][bookmark: _Toc171859200][bookmark: _Toc178173541]Table 1: Characteristics of Included Studies
	Characteristics
	Published Manuscripts (N=144)*

	
	N
	%

	Trial Phase
	
	

	I
	13
	9.0

	II
	27
	18.8

	III
	32
	22.2

	IV
	6
	4.2

	Multiple trials or phases
	43
	29.9

	Not reported or unclear
	23
	16.0

	Year of Publication
	
	

	2020
	12
	8.3

	2021
	59
	41.0

	2022
	67
	46.5

	2023
	6
	4.1

	Funding
	
	

	Commercial/Industry
	24
	16.7

	Not for profit
	57
	39.6

	Mixed
	59
	41.0

	Not reported or unclear
	4
	2.8

	World Health Organization Region
	
	

	African
	3
	2.1

	Americas
	27
	18.6

	Eastern Mediterranean
	5
	3.5

	European
	31
	21.5

	South-East Asian
	17
	11.8

	Western Pacific
	43
	29.9

	Multiple
	18
	12.5


* Total Number of Participants = 788 772, calculated by summing the largest analysis sets reported from each trial




[bookmark: _Figure_1:_The][bookmark: _Table_2:_Summary_1][bookmark: _Table_3:_Average][bookmark: _Table_2:_Number][bookmark: _Toc171859053][bookmark: _Toc171859201][bookmark: _Toc178173542]Table 2: Number of PROGRESS-Plus Stratifiers in Each Study by Criterion (N=144)
	Number of PROGRESS-Plus Stratifiers
	Criterion 1: Describing Participants
	Criterion 2: Reporting Results
	Criterion 3: Discussing Implications
	All Three Criteria

	
	N
	%
	N
	%
	N
	%
	N
	%

	0 Items
	0
	0.0
	36
	25.0
	34
	23.6
	76
	52.8

	1 Item
	1
	0.7
	52
	36.1
	48
	33.3
	54
	37.5

	2 Items
	35
	24.3
	31
	21.5
	40
	27.8
	8
	5.6

	3 Items
	63
	43.8
	12
	8.3
	13
	9.0
	5
	3.5

	4 Items
	32
	22.2
	7
	4.9
	6
	4.2
	1
	0.7

	5 Items
	9
	6.3
	6
	4.2
	3
	2.1
	0
	0.0

	6 Items
	4
	2.8
	0
	0.0
	0
	0.0
	0
	0.0

	>=7 Items
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0


[bookmark: _Table_3:_Specific]


[bookmark: _Table_3:][bookmark: _Toc171859054][bookmark: _Toc171859202][bookmark: _Toc178173543]Table 3: COVID-19 Vaccine Trial Manuscripts Meeting Each Criterion for Each PROGRESS-Plus Health Equity Stratifier
	PROGRESS-Plus
	Criterion 1: Describing Participants
	Criterion 2: Reporting Results
	Criterion 3: Discussing Implications
	All Three Criteria

	
	N
	%
	N
	%
	N
	%
	N
	%

	Overall
	--
	--
	--
	--
	--
	--
	68
	47.2

	Place of Residence
	144
	100
	20
	13.8
	36
	25.0
	9
	6.3

	Race or Ethnicity
	92
	63.9
	14
	9.7
	39
	27.1
	4
	2.8

	Occupation
	22
	15.3
	10
	6.9
	6
	4.2
	4
	2.8

	Gender or Sex
	143
	99.3
	50
	34.7
	10
	6.9
	7
	4.9

	Religion
	--
	--
	--
	--
	--
	--
	--
	--

	Education
	1
	0.7
	1
	0.7
	0
	0.0
	0
	0.0

	Socioeconomic Status
	--
	--
	--
	--
	--
	--
	--
	--

	Social Capital
	3
	2.1
	1
	0.7
	0
	0.0
	0
	0.0

	Age
	144
	100
	97
	67.4
	77
	53.5
	56
	38.9

	Disability
	21
	14.6
	15
	10.4
	23
	16.0
	9
	6.3

	Sexual Orientation
	--
	--
	--
	--
	--
	--
	--
	--

	Features of Relationships
	--
	--
	--
	--
	--
	--
	--
	--

	Temporary Situation
	3
	2.1
	1
	0.7
	14
	9.7
	0
	0.0




[bookmark: _Toc178173610][bookmark: _Toc171859203]2.8 Supplementary Material

[bookmark: _Toc178173544]Table S1: Conceptual and Operational Definitions of PROGRESS-Plus for Extraction
	PROGRESS-Plus
	Conceptual Definition*
	Operational Definition*

	Place of Residence
	Locations in which individuals reside or perceptions of their location. Ranging between community /neighborhood levels and state /country levels.
	Participants described as falling within categories such as: community/neighborhood level, country, rural/urban/inner-city categories, clinical sites, municipalities/cities, or high-/middle-/low-income country. The specific stratifiers used are to be noted.

	Race /ethnicity /culture /language
	Self-identified racial or ethnic group or other classifications of culture or language. This includes nationality status (e.g., refugee or migrant).
	Participants described as falling within categories such as: racial or ethnic groups as defined by the authors or reported by participants, mother tongue, or country of origin, or nationality. Reporting either Race or Ethnicity will count to this overall PROGRESS stratifier; the individual use of these terms is to be noted as well.

	Occupation
	Occupational situation (including measures of employment status, specific profession categories), patterns of work or features of the working environment. 
	Participants described as falling within categories such as: unemployed /employed /retired, manual or non-manual work, full-time or part-time employment, graded hierarchies measuring occupational status or prestige, or field of work. For studies of pediatric populations, the occupation data of parents/guardians will be accepted, but this use of surrogate data will be noted.

	Gender /sex (biological and/or social roles)
	Sex refers to the biological and physiological characteristics that differentiate men and women. 
Self-identified gender incorporates ideas around socially constructed roles or differences in behaviour attributed to men and women. 
	Participants described as falling within categories such as: Male, female, and undifferentiated classifications for sex; man, woman, nonbinary, and other identities for gender. If a study presents “sex” as the characteristic yet uses “men/women” categories, we will note this discrepancy but count as falling under sex. If a study is inconsistent in use (e.g., gender and sex used interchangeably), it will be included but the inconsistencies are to be noted.

	Religion /Faith tradition
	An individuals’ religious affiliation or system of religious or spiritual beliefs or values. For pediatric population, may refer to parent or guardian measures.
	Participants described as falling within categories such as: Self-reported religious denomination, details of belief systems or values held, religious activities engaged in or attendance at religious institutions, religious or not. 

	Education
	Self-reported extent and type of schooling, education or other formal training or learning undertaken.
	Participants described as falling within categories such as: number of years in full-time education, educational attainment or qualifications achieved, institutions attended (e.g., high school/some college/college graduate/university). For studies of pediatric populations, the occupation data of parents/guardians will be accepted, but this use of surrogate data will be noted.

	Socioeconomic status
	An individual’s position within a hierarchical social structure. Measures of socio-economic status aim to capture access to resources, privilege, power or control. For pediatric population, refer to parent, household, or guardian measures.
	Participants described as falling within categories such as: composite scores, poverty level, income (continuous level or proportion falling into income brackets), asset-based measures such as car ownership or housing tenure, receipt of forms of state welfare or health payment assistance. For studies of pediatric populations, the occupation data of parents/guardians will be accepted, but this use of surrogate data will be noted.

	Social Capital
	A multifaceted concept capturing the obligations and benefits conferred upon an individual by their society and social relationships. This can be seen as a measure of interconnectedness between an individual and their social surroundings or group. For pediatric population, may refer to parent or guardian measures.
	Participants described as falling within categories such as: perceptions of social norms surrounding trust or reciprocity, social support (e.g., marital or living status, household size, social support from friends, family or relevant others), social networks, civic participation or group membership. 

	Age
	Age in years, from self-report or medical record data. This may be reported as a continuous variable or in intervals or ‘age groups’.
	The use of mean or median age of a study sample, and/or proportions falling in age brackets

	Disability
	A term incorporating ideas surrounding impairment, activity limitation and restrictions on ability to participate in certain life situations. Disability can be both mental and physical. 
	Participants described as falling within categories such as: Visual impairment, mobility, mental health conditions (mood disorders, schizophrenia spectrum disorders), measures of functioning /health status /quality of life, or other indicators or disability (e.g., wheelchair bound), immunocompromised status. Given that “mild/moderate” or “well-managed” comorbidities are generally eligibility criteria for participation, the use of ‘comorbidity’ or similar terms are not to be counted as fitting under disability unless explicit focus is given to people with more serious presentations.

	Sexual orientation
	Self-reported sex towards which an individual feels attraction or self-defined sexual identity. 
	Participants described as falling within categories such as: hetero- /homo- /bi- /transsexual /gay /lesbian classifications.

	Features of Relationships
	Characteristics of the individual’s relationships with other individuals.
	Participants described as having close contacts with others who fall within categories such as: smoking parents/family member, high-risk occupation of close contacts

	Temporary Situations
	When a person is temporarily at a health disadvantage (<=12 months) 
	Participants described as falling within categories such as: Pregnancy, acute injury


*The definitions and measures within this table are not exhaustive and include it here to provide an example of the type of data sought and extracted.


[bookmark: _Table_S2:_Summary][bookmark: _Table_S2:][bookmark: _Toc149081623][bookmark: _Toc149488145][bookmark: _Toc178173545]Table S2: Keywords and Concepts Used in Coding Text for Content Analysis
	Category to code text by
	Key Concepts and Rationale
	Keywords and Phrases*

	Limitation to study and/or generalizability of results
	Statement(s) describing limitations to a study sample’s representativeness or generalizability of results to other groups characterized by PROGRESS-Plus. These statements are opportunities for stakeholders (e.g., researchers, patients, clinicians, and other decision-makers) to qualify the results of a study and seek options to filling in research gaps, such as those relating to equity [34,35].
	Limitation, representativeness, generalizability, diversity, insufficient, recruitment

	Recommendation for further research
	Statement(s) suggesting further research is required with regards to populations characterized by PROGRESS-Plus. These statements are opportunities to suggest avenues that may fill health equity research gaps or overcome barriers to equity that were encountered in the research process [35].
	Further/additional research, future study, more data

	Implication for practice
	Statement(s) suggesting changes or impacts to clinical or real-world practice with regards to populations characterized by PROGRESS-Plus. These statements are opportunities for readers to better understand the utility/impact of the results on clinical care for groups experiencing health-inequities [36].
	Safe for use, recommend

	Implication for national/local policy
	Statement(s) suggesting changes or impacts to policy and public health strategies regarding populations characterized by PROGRESS-Plus. These statements are opportunities for readers to better understand the utility/impact of the results on policy interventions and public health strategies for groups experiencing health-inequities [36].
	Strategy, approach, priority, policy, program

	Global implications
	Statement(s) discussing changes or impacts in a global context for groups characterized by PROGRESS-Plus. These statements are opportunities for readers to understand the contribution of a study or important research considerations when considering the global nature of the COVID-19 pandemic.
	Accessibility, availability, global, scarcity, misconception

	Challenge encountered
	Statement(s) discussing challenges encountered by researchers in the design or conduct of the study regarding populations characterized by PROGRESS-Plus (e.g., recruitment or retention). Primary studies have the potential to provide firsthand accounts of challenges and attempts to overcome barriers to health equity [in research] and may inform further research attempts.
	Recruitment, follow-up, retention, ethics, unblinding, withdrawal

	Strength of the study
	Statement(s) discussing strengths to study methodology, sample representativeness, or generalizability of results with regards to groups characterized by PROGRESS-Plus. These statements are opportunities for stakeholders (e.g., researchers, patients, clinicians, and other decision-makers) to qualify the results of a study [37]. Researchers may also examine where strengths can be leveraged and non-strengths improved to support future health equity research.
	Diversity, representativeness, generalizability, recruitment

	Rationale for the study
	Statement(s) discussing the rationale for the study’s focus on a specific group characterized by PROGRESS-Plus. This can provide context for stakeholders on the importance and relevance of the research in relation to health equity.
	Risk, no previous study, limited data, unclear, disproportionate impact, vulnerable


*Not a comprehensive list of synonyms


[bookmark: _Toc149488146][bookmark: _Toc171859205][bookmark: _Toc178173546]Table S3: Specific PROGRESS-Plus Stratifiers Used to Meet Criterion 1
	PROGRESS-Plus*
	Specific Stratifier
	Studies Meeting Criterion 1

	Place of Residence

	
Country-level or World Region
	
144

	
	Clinical Centres
	3

	
	Categories of Living Circumstances
	3

	
	City
	1

	Race, Ethnicity, Language, Culture
	
Ethnicity only
	
36

	
	Race only
	13

	
	Race & Ethnicity Interchangeably Used
	20

	
	Race & Ethnicity Distinct
	18

	
	Nationality
	3

	
	Ancestry
	1

	
	Skin Colour
	1

	Occupation
	
Healthcare Workers Status
	
14

	
	Healthcare Workers & Other Professions
	3

	
	Non-Healthcare Frontline Workers
	1

	
	Categories of Occupational Risk for COVID-19 Exposure
	4

	Gender or Sex
	
Sex Binary
	
117

	
	Sex Multiple Categories
	7

	
	Sex & Gender Interchangeably Used§
	1

	
	Gender
	17

	
	Sex Binary and Multiple Gender Categories
	1

	Education
	
Highest Education Achieved
	
1

	Social Capital
	
Marital Status
	
2

	
	Expatriate Status
	1

	Age
	
Measure of Centre Only
	
45

	
	Intervals Only
	6

	
	Intervals and Measures of Centre
	93

	Disability
	
Living with HIV
	
11

	
	Solid Organ Transplant Recipients
	5

	
	Living with HIV or Solid Organ Transplants
	1

	
	Unspecified Immunosuppression
	3

	
	Chronic Inflammatory Rheumatic or Neurologic Disease
	1

	Temporary Situations
	
Pregnancy Status
	
2

	
	Childbearing Potential
	1


* Religion, socioeconomic status, sexual orientation, and features of relationships not shown due to insufficient sample size (N=0)
§ Interchangeable use of sex/gender refers to instances where “sex” is the label used in one area of the manuscript, while “gender” is used elsewhere, or vice versa



[bookmark: _Table_4:_Specific][bookmark: _Toc149488147][bookmark: _Toc178173547]Table S4: Specific PROGRESS-Plus Stratifiers used to Meet Criterion 2
	PROGRESS-Plus*
	Specific Stratifier
	Studies Meeting Criterion 2

	Place of Residence
	
Country-level
	
14

	
	Clinical Centres
	6

	Race, Ethnicity, Language, Culture
	
Ethnicity only
	
3

	
	Race only
	1

	
	Race & Ethnicity Distinct
	6

	
	Skin Colour
	1

	Occupation
	
Healthcare Workers Status
	
9

	
	Non-Healthcare Frontline Workers
	1

	Gender or Sex
	
Sex Binary
	
38

	
	Sex Multiple Categories
	2

	
	Sex & Gender Interchangeably Used§
	6

	
	Gender
	4

	Education
	
Highest Education Achieved
	
1

	Social Capital
	
Marital Status
	
1

	Age
	
Age in Years
	
97

	Disability
	
Living with HIV
	
7

	
	Solid Organ Transplant Recipients
	5

	
	Living with HIV or Solid Organ Transplants
	1

	
	Unspecified Immunosuppression
	2

	Temporary Situations
	
Pregnancy Status
	
1


* Religion, socioeconomic status, sexual orientation, and features of relationships not shown due to insufficient sample size (N=0)
§ Interchangeable use of sex/gender refers to instances where “sex” is the label used in one area of manuscript, while “gender” is used elsewhere, or vice versa.



[bookmark: _Table_S3:_Summary][bookmark: _Toc149081624][bookmark: _Toc149488148][bookmark: _Toc178173548]Table S5: Summary of Content Analysis (Criterion 3)
	Domain
	PROGRESS-Plus*
	Number of Studies
	Examples§

	Limitation to study and/or generalizability of results
	Place of residence
	8
	“This study has several limitations...Second, the trial was mainly conducted in generally healthy, young men in the Middle East, and there was insufficient power to test the efficacy among those with chronic diseases, women, older adults, those in other geographic populations, and those with previous SARS-CoV-2 infections; this includes people who are most vulnerable to severe COVID-19 cases and mortality.”[38] (Gender, Age, and Place of residence)

	
	Race or Ethnicity
	26
	

	
	Occupation
	3
	

	
	Gender or Sex
	7
	

	
	Age
	57
	

	
	Disability
	12
	

	
	Temporary situations
	10
	

	Recommendation for further research
	Place of residence
	8
	“The immunogenicity of the NVSI-06-09 booster in female population as well as in elder population should be investigated further in the future study.”[39] (Sex and Age)

	
	Race or Ethnicity
	10
	

	
	Gender or Sex
	4
	

	
	Age
	24
	

	
	Disability
	10
	

	
	Temporary situations
	5
	

	Implication for practice
	Age
	5
	“Since none of the approaches investigated here appeared to augment the response to vaccination, alternative strategies should be considered to protect immunocompromised patients who remain persistently seronegative against the consequences of COVID-19. One such strategy could be pre-exposure prophylaxis with monoclonal antibodies, although the efficacy of this treatment might decline with the emergence of newer virus variants.”[40] (Disability)

	
	Disability
	5
	

	Implication for national/local policy
	Place of residence
	1
	“Vaccination strategies should account for a number of concerns regarding the priority of access to COVID-19 vaccines in various population groups, reliable risk assessment of adverse effects of vaccination in population groups with increased risk of severe COVID-19 (older adults and individuals with comorbidities), vaccine logistics (cold chain supply), sufficient coverage of immunisation, and duration of protective immune response.”[41] (Age)

	
	Age
	2
	

	
	Disability
	1
	

	Global implications
	Place of residence
	12
	“Given that inactivated vaccines can be shipped and shelved for over three years at regular fridge temperatures of 2–8 °C, they are granted a clear superiority to be used in low-and middle-income countries. Hence, TURKOVAC is as safe and efficacious a vaccine as CoronaVac and holds promise to increase the availability of COVID-19 vaccines, especially in resource-scarce settings across the world, to prioritize the health benefits both for the individual and the public.”[42] (Place of residence)

	
	Disability
	1
	

	Challenge encountered
	Race or Ethnicity
	1
	“Despite an effort to enroll older adults and those with coexisting illnesses, these populations were underrepresented because of the timing of the trial during a surge of the B.1.617.2 (delta) and P.1 (gamma) variants in the trial areas, which increased the risk of participating in a clinical trial in those populations. The timing of the trial also led many participants to exercise their protocol-sanctioned option to withdraw or undergo unblinding to access another vaccine.”[43] (Age)

	
	Occupation
	3
	

	
	Age
	8
	

	
	Disability
	1
	

	Strength of the study
	Place of residence
	6
	 “Recruitment of participants through family medicine practices, which guaranteed accelerated inclusion reflecting the composition of the population in terms of gender, race and pre-existing conditions, constitutes a strength of this study. These trials, conducted on three different continents, enrolled geographically and ethnically diverse populations…”[44] (Occupation, Gender, Race, Geography, Ethnicity)

	
	Race or Ethnicity
	6
	

	
	Occupation
	1
	

	
	Gender or sex
	1
	

	
	Age
	4
	

	
	Disability
	1
	

	Rationale for the study
	Place of residence
	2
	“The airport ground staff and public security officers are in close contact with other personnel and face greater occupational risk exposure to SARS-CoV-2 infection. Although SARS-CoV-2 vaccines are widely administered in China or other countries, the optimal interval of injections remains unclear and there is lack of randomized controlled trials of inactivated SARS-CoV-2 vaccine in high-risk occupational population. This is the first randomized controlled trial for assessment of the immunogenicity and safety of an inactivated SARS-CoV-2 vaccine in high-risk occupational population.”[45] (Occupation)

	
	Occupation
	1
	

	
	Age
	4
	

	
	Disability
	2
	


* The same selection of text may be counted multiple times under different PROGRESS-Plus factors
§ Bolded text has been added to emphasize keywords
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[bookmark: _Toc178173549]Table S6: Number and Percentage of Trials Meeting Both Criterion 1 and 2
	PROGRESS-Plus
	Both Criterion 1 and Criterion 2

	
	N
	%

	Overall
	108
	75.0

	Place of Residence
	19
	13.2

	Race or Ethnicity
	14
	9.7

	Occupation
	10
	6.9

	Gender or Sex
	50
	34.7

	Religion
	0
	0.0

	Education
	1
	0.7

	Socioeconomic Status
	0
	0.0

	Social Capital
	1
	0.7

	Age
	97
	67.4

	Disability
	14
	9.7

	Sexual Orientation
	0
	0.0

	Features of Relationships
	0
	0.0

	Temporary Situation
	1
	0.7
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[bookmark: _Toc149488150][bookmark: _Toc178173550]Figure S1: Place of Residence by Publication Date Range
Percentage of COVID-19 vaccine trials meeting each criterion for the Place of Residence PROGRESS-Plus, stratified by six-month intervals.
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[bookmark: _Toc149488151][bookmark: _Toc178173551]Figure S2: Race or Ethnicity by Publication Date Range
Percentage of COVID-19 vaccine trials meeting each criterion for the Race or Ethnicity PROGRESS-Plus, stratified by six-month intervals.

[image: ]
[bookmark: _Toc149488152][bookmark: _Toc178173552]Figure S3: Occupation by Publication Date Range
Percentage of COVID-19 vaccine trials meeting each criterion for the Occupation PROGRESS-Plus, stratified by six-month intervals.
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[bookmark: _Toc149488153][bookmark: _Toc178173553]Figure S4: Gender or Sex by Publication Date Range
Percentage of COVID-19 vaccine trials meeting each criterion for the Gender or Sex PROGRESS-Plus, stratified by six-month intervals.
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[bookmark: _Toc149488154][bookmark: _Toc178173554]Figure S5: Age by Publication Date Range
Percentage of COVID-19 vaccine trials meeting each criterion for the Age PROGRESS-Plus, stratified by six-month intervals.
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[bookmark: _Toc149488155][bookmark: _Toc178173555]Figure S6: Disability by Publication Date Range
Percentage of COVID-19 vaccine trials meeting each criterion for the Disability PROGRESS-Plus, stratified by six-month intervals.



[bookmark: _Toc178173611]2.9 References

[1]	COVID-19 vaccines | WHO COVID-19 dashboard. Datadot 2023. https://data.who.int/dashboards/covid19/vaccines (accessed February 10, 2024).
[2]	Rho HJ, Fremstad S, Brown H. A Basic Demographic Profile of Workers in Frontline Industries. Center for Economic and Policy Research; 2020. Available at: https://cepr.net/a-basic-demographicprofile-of-workers-in-frontline-industries/. Accessed March 19, 2024.
[3]	Vassallo A, Shajahan S, Harris K, Hallam L, Hockham C, Womersley K, et al. Sex and gender in COVID-19 vaccine research: substantial evidence gaps remain. Front Glob Womens Health 2021; 2:761511.
[4]	Aberumand B, Ayoub Goulstone W, Betschel S. Understanding attitudes and obstacles to vaccination against COVID-19 in patients with primary immunodeficiency. Allergy Asthma Clin Immunol 2022;18:38.
[5] Whitehead M. The concepts and principles of equity and health. Int J Health Serv 1992;22:429e45.
[6] O’Neill J, Tabish H, Welch V, Petticrew M, Pottie K, Clarke M, et al. Applying an equity lens to interventions: using PROGRESS ensures consideration of socially stratifying factors to illuminate inequities in health. J Clin Epidemiol 2014;67:56e64.
[7] Evans T, Brown H. Road traffic crashes: operationalizing equity in the context of health sector reform. Inj Control Saf Promot 2003; 10:11e2.
[8] Kavanagh J, Oliver S, Lorenc T. Reflections on developing and using PROGRESS-Plus. Equity Update 2008;2:1e3.
[9] Welch VA, Norheim OF, Jull J, Cookson R, Sommerfelt H, Tugwell P, et al. CONSORT-Equity 2017 extension and elaboration for better reporting of health equity in randomised trials. BMJ 2017;359:j5085.
[10] Mbuagbaw L, Aves T, Shea B, Jull J, Welch V, Taljaard M, et al. Considerations and guidance in designing equity-relevant clinical trials. Int J Equity Health 2017;16:93. https://doi.org/10.1186/s12939-0170591-1.
[11] Jull J, Whitehead M, Petticrew M, Kristjansson E, Gough D, Petkovic J, et al. When is a randomised controlled trial health equity relevant? Development and validation of a conceptual framework. BMJ Open 2017;7:e015815.
[12] Boutron I, Chaimani A, Devane D, Meerpohl JJ, Rada G, Hróbjartsson A, et al. Interventions for the prevention and treatment of COVID-19: a living mapping of research and living network metaanalysis. Cochrane Database Syst Rev 2020. https: //doi.org/10.1002/14651858.CD013769.
[13] Microsoft Corporation. Microsoft excel. 2018. Available at: https:// www.microsoft.com/en-ca/microsoft-365/excel. Accessed May 30, 2023.
[14] Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics 1977;33:159e74.
[15] Bhopal R. Glossary of terms relating to ethnicity and race: for reflection and debate. J Epidemiol Community Health 2004;58:441e5.
[16] Short SE, Yang YC, Jenkins TM. Sex, gender, genetics, and health. Am J Public Health 2013;103:S93e101.
[17] Elo S, Kyng€as H. The qualitative content analysis process. J Adv Nurs 2008;62:107e15.
[18] Aves T, Kredo T, Welch V, Mursleen S, Ross S, Zani B, et al. Equity issues were not fully addressed in Cochrane human immunodeficiency virus systematic reviews. J Clin Epidemiol 2017;81:96e100.
[19] Furler J, Magin P, Pirotta M, van Driel M. Participant demographics reported in ‘‘Table 1’’ of randomised controlled trials: a case of ‘‘inverse evidence’’. Int J Equity Health 2012;11:14.
[20] Petkovic J, Jull J, Yoganathan M, Dewidar O, Baird S, Grimshaw JM, et al. Reporting of health equity considerations in cluster and individually randomized trials. Trials 2020;21:308.
[21]	Attwood S, van Sluijs E, Sutton S. Exploring equity in primary-care-based physical activity interventions using PROGRESS-Plus: a systematic review and evidence synthesis. Int J Behav Nutr Phys Activ 2016;13:60.
[22] Orkin AM, Nicoll G, Persaud N, Pinto AD. Reporting of sociodemographic variables in randomized clinical trials, 2014-2020. JAMA Netw Open 2021;4:e2110700.
[23] Onder G, Rezza G, Brusaferro S. Case-fatality rate and characteristics of patients dying in relation to COVID-19 in Italy. JAMA 2020;323:1775e6.
[24] Massinga Loembé M, Nkengasong JN. COVID-19 vaccine access in Africa: global distribution, vaccine platforms, and challenges ahead. Immunity 2021;54:1353e62.
[25] Minnai F, De Bellis G, Dragani TA, Colombo F. COVID-19 mortality in Italy varies by patient age, sex and pandemic wave. Sci Rep 2022; 12:4604.
[26] Gates A, Rahman S, Sim S, Pillay J, Ismail SJ, Tunis MC, et al. Health inequities related to vaccination: an evidence map of potentially influential factors and systematic review of interventions. Vaccine 2021;39:3825e33.
[27] Ismail SJ, Tunis MC, Zhao L, Quach C. Navigating inequities: a roadmap out of the pandemic. BMJ Glob Health 2021;6:e004087.
[28] Bodicoat DH, Routen AC, Willis A, Ekezie W, Gillies C, Lawson C, et al. Promoting inclusion in clinical trials a rapid review of the literature and recommendations for action. Trials 2021;22:880.
[29] Simon GE, Shortreed SM, Coley RY, Penfold RB, Rossom RC, Waitzfelder BE, et al. Assessing and minimizing Re-identification risk in research data derived from health care records n.d. EGEMS (Wash DC) 2019;7:6.
[30] Heidari S, Babor TF, De Castro P, Tort S, Curno M. Sex and Gender Equity in Research: rationale for the SAGER guidelines and recommended use. Res Integr Peer Rev 2016;1:2.
[31] EQUATOR Network. Enhancing the QUAlity and Transparency Of Health Research n.d. Available at: https://www.equator-network. org/. Accessed October 13, 2023.
[32] Pan American Health Organization. Why Data Disaggregation is key during a pandemic. Institutional Repository for Information Sharing; 2020. Available at: https://iris.paho.org/handle/10665.2/52002. Accessed March 19, 2024.
[33] Ismail SJ, Hardy K, Tunis MC, Young K, Sicard N, Quach C. A framework for the systematic consideration of ethics, equity, feasibility, and acceptability in vaccine program recommendations. Vaccine 2020;38:5861e76.
[34]	Welch VA, Norheim OF, Jull J, Cookson R, Sommerfelt H, Tugwell P, et al. CONSORT-Equity 2017 extension and elaboration for better reporting of health equity in randomised trials. BMJ 2017;359:j5085. https://doi.org/10.1136/bmj.j5085.
[35]	Ross PT, Bibler Zaidi NL. Limited by our limitations. Perspect Med Educ 2019;8:261–4. https://doi.org/10.1007/s40037-019-00530-x.
[36]	Mbuagbaw L, Aves T, Shea B, Jull J, Welch V, Taljaard M, et al. Considerations and guidance in designing equity-relevant clinical trials. Int J Equity Health 2017;16:93. https://doi.org/10.1186/s12939-017-0591-1.
[37]	Bavdekar SB. Writing the Discussion Section: Describing the Significance of the Study Findings. J Assoc Physicians India 2015;63:40–2.
[38]	Al Kaabi N, Zhang Y, Xia S, Yang Y, Al Qahtani MM, Abdulrazzaq N, et al. Effect of 2 Inactivated SARS-CoV-2 Vaccines on Symptomatic COVID-19 Infection in Adults: A Randomized Clinical Trial. JAMA 2021;326:35–45. https://doi.org/10.1001/jama.2021.8565.
[39]	Kaabi NA, Yang YK, Liang Y, Xu K, Zhang XF, Kang Y, et al. Safety and immunogenicity of a mosaic vaccine booster against Omicron and other SARS-CoV-2 variants: a randomized phase 2 trial. Sig Transduct Target Ther 2023;8:1–11. https://doi.org/10.1038/s41392-022-01295-2.
[40]	Logunov DY, Dolzhikova IV, Shcheblyakov DV, Tukhvatulin AI, Zubkova OV, Dzharullaeva AS, et al. Safety and efficacy of an rAd26 and rAd5 vector-based heterologous prime-boost COVID-19 vaccine: an interim analysis of a randomised controlled phase 3 trial in Russia. The Lancet 2021;397:671–81. https://doi.org/10.1016/S0140-6736(21)00234-8.
[41]	Poh XY, Tan CW, Lee IR, Chavatte J-M, Fong S-W, Prince T, et al. Antibody Response of Heterologous vs Homologous Messenger RNA Vaccine Boosters Against the Severe Acute Respiratory Syndrome Coronavirus 2 Omicron Variant: Interim Results from the PRIBIVAC Study, a Randomized Clinical Trial. Clinical Infectious Diseases 2022;75:2088–96. https://doi.org/10.1093/cid/ciac345.
[42]	Tanriover MD, Aydin OA, Guner R, Yildiz O, Celik I, Doganay HL, et al. Efficacy, Immunogenicity, and Safety of the Two-Dose Schedules of TURKOVAC versus CoronaVac in Healthy Subjects: A Randomized, Observer-Blinded, Non-Inferiority Phase III Trial. Vaccines 2022;10:1865. https://doi.org/10.3390/vaccines10111865.
[43]	Hager KJ, Pérez Marc G, Gobeil P, Diaz RS, Heizer G, Llapur C, et al. Efficacy and Safety of a Recombinant Plant-Based Adjuvanted Covid-19 Vaccine. N Engl J Med 2022;386:2084–96. https://doi.org/10.1056/NEJMoa2201300.
[44]	Toledo-Romani ME, García-Carmenate M, Verdecia-Sánchez L, Pérez-Rodríguez S, Rodriguez-González M, Valenzuela-Silva C, et al. Safety and immunogenicity of anti-SARS-CoV-2 heterologous scheme with SOBERANA 02 and SOBERANA Plus vaccines: Phase IIb clinical trial in adults. Med 2022;3:760-773.e5. https://doi.org/10.1016/j.medj.2022.08.001.
[45]	Feng Y, Chen J, Yao T, Chang Y, Li X, Xing R, et al. Safety and immunogenicity of inactivated SARS-CoV-2 vaccine in high-risk occupational population: a randomized, parallel, controlled clinical trial. Infectious Diseases of Poverty 2021;10:138. https://doi.org/10.1186/s40249-021-00924-2.


[bookmark: _Toc178173612]Chapter Three: Conclusion

[bookmark: _Toc178173613]3.1 Summary of Findings
The purpose of this thesis was to discuss the value of health equity reporting in primary health research and examine this reporting in COVID-19 vaccine RCTs. Our methodological review applied three criteria to assess the use of health equity stratifiers (outlined by PROGRESS-Plus) in 144 COVID-19 vaccine RCTs. These broad criteria were derived from the principles outlined by Mbuagbaw et al. (2017) and items from the CONSORT-Equity extension (Welch et al., 2017). We found that most of these trials reported three or fewer stratifiers to describe participants (68.8%; criterion 1), one or none for stratified or subgroup analyses (61.1%; criterion 2), and one or no stratifiers for the discussion of health equity implications (56.9%; criterion 3). Less than half (47.2%) met all three criteria for a given PROGRESS-Plus stratifier. The most common health equity stratifier applied for each criterion was age followed by gender or sex, place of residence, and race or ethnicity (Table 3).
[bookmark: _Toc178173614]3.2 Implications 
The prevalent use of age is consistent with the discussion in Chapter 1 (1.2.1) where early into the pandemic, age was identified as an important consideration for research and interventions to address the health gradients across age groups (Ismail et al., 2020; Shahid et al., 2020). In contrast, the overall less common use of other health equity stratifiers (e.g., gender, race, occupation, education) suggests a lack of prioritization or awareness for health inequities across these characteristics. When assessed over the three-year time frame (January 1, 2020 to February 8, 2023), the use of disability (e.g., immunocompromised) peaked mid-pandemic (between July 2021 and 2022), suggesting researchers and funders were capable of responding to other inequities (e.g., people living with immunodeficiencies facing uncertainty regarding vaccine efficacy) and improving reporting to better support evidence-based tailoring of decisions (Aberumand et al., 2022). Altogether, the findings of this thesis highlight that primary vaccine research can provide evidence to support equity, diversity, and inclusion considerations at decision-making levels; however, there remains work to be done to fully unlock this potential. Authors, journals, research ethics boards (REBs), funders, and academic institutions all have roles to play in improving the reporting of this research (Tannenbaum et al., 2019).
[bookmark: _Toc178173615]3.2.1 Improving Reporting: Authors
In the conclusion of Chapter 2, we encouraged authors to consider relevant reporting guidelines (e.g., CONSORT-Equity) and the PROGRESS-Plus framework. To facilitate authors’ searches for appropriate guidelines in the literature, the Enhancing the Quality and Transparency of Health Research (EQUATOR) network is a repository of reporting guidelines for various study designs and study goals (www.equator-network.org). In the literature, there also exist adapted versions of PROGRESS-Plus that are intended for specific topics (e.g., the P2ROGRESS-Plus And Other Factors framework that is specific to the vaccine research context) (Ismail et al., 2020). Additionally, there is guidance available to support authors in navigating the nuances associated with reporting certain characteristics (e.g., the Sex and Gender Equity in Research [SAGER] guidelines for sex/gender) (Heidari et al., 2016). Evidently, there are abundant guidelines and resources for authors to improve health equity reporting in their research. However, this abundance raises the risk that researchers will view the guidelines and health equity considerations as “checkboxes” to fill, rather than critical issues to think deeply about. This risk may be reduced by the requirements that academic journals and funders expect from authors (to be discussed in the subsequent subsections).
When using the PROGRESS-Plus framework (and its adaptations), it is not practical or relevant to collect data for all health equity stratifiers. Doing so would place an undue burden on participants to self-identify and on researchers to manage more data (Mbuagbaw et al., 2017). Moreover, authors may feel that health equity stratifiers pose little relevance to the research at hand. This may be underpinned by a medicalized focus on the most proximal influences on health and further supported by a lack of published evidence to justify the inclusion of most health equity stratifiers compared to other effect modifiers (e.g., lab values or comorbidities). However, health does not exist in isolation from the social influences on health; health equity goals are relevant to all medical research. Thus, I would encourage researchers to seriously reflect on the relevance of health equity stratifiers and the impact of their research on health equity. This can be a daunting and difficult task, especially when uncertain of where to start. Prompts for reflection may prove helpful and can be generated locally (e.g., research rounds, ethics consultations, journal clubs) or found in the literature. For instance, Castillo and Harris introduce a series of questions for researchers from any field to reflect upon (2021). Of course, this reflection may not result in the use of health equity stratifiers for analyses, but the process may lead to modifications in design, methodology, and discussion points that reflect consideration for health equity.
Should any health equity stratifiers be deemed relevant enough to collect, their use should be purposeful and not limited to the mere description of participants or as a brief mention of the limitations of a study. Based on this rationale, in Chapter 2, we interpreted studies meeting all three criteria (for a given health equity stratifier) as those which fully reported on health equity information. In our review of 144 RCTs, only 47% achieved this for one health equity stratifier, despite a median of three stratifiers being used per RCT. Thus, upon deciding to use any health equity stratifiers, we would encourage authors to maximize the potential of these stratifiers by striving to meet all three of our criteria: (a) use as a descriptor (criterion 1), (b) use as a variable for disaggregation and/or analyses (criterion 2), and (c) use to discuss implications (criterion 3).
[bookmark: _Toc178173616]3.2.2 Improving Reporting: Journals
Academic journal endorsement of reporting guidelines has been associated with improved reporting of items from those guidelines (Wang et al., 2024; Welch et al., 2017). However, endorsement of these guidelines, particularly extensions such as CONSORT-Equity, is not universal and must be improved (Welch et al., 2017). More recently, some journals have also published novel guidelines for the reporting of specific health equity stratifiers (i.e., race and ethnicity) (Chew et al., 2024; Flanagin et al., 2021; Stanbrook & Salami, 2023). While these efforts represent an acknowledgement of ongoing issues and propose steps for authors that may prompt reflection on how to better consider health equity, the burden on authors to read and apply a different guideline for each journal may be a barrier to meaningful engagement and lead to the treatment of guidelines as mere checkboxes to complete. Standardization of the endorsed reporting guidelines may help improve author engagement and adherence (Wang et al., 2024).
To improve published articles’ concordance with reporting guidelines, the peer review process has also been identified as an area where journals could make changes. A 2012 survey of 116 journal websites for guidance to peer reviewers found that only 19 referenced reporting guidelines (e.g., CONSORT) and only four of these mentioned relevant extensions (Hirst & Altman, 2012). Of course, the development and adoption of reporting guidelines have expanded since 2012, and journals may also provide guidance in the invitations to peer reviewers. Nonetheless, there may be value in the development and provision of standardized, practical, and abbreviated versions of reporting guidelines (e.g., CONSORT-Equity or journal-specific guidance) to peer reviewers to facilitate the review process and further improve published articles’ adherence to reporting guidelines (Hirst & Altman, 2012; Song et al., 2021).
Lastly, word limits have been identified as a key barrier to improving reporting of data, additional findings, and discussion pieces (Fuller et al., 2015; Ghosn et al., 2019; Ross & Bibler Zaidi, 2019). This may help explain the large gap between the proportion of COVID-19 vaccine RCTs that described participants (criterion 1) and reported disaggregated results or subgroup/stratified analyses (criterion 2) by the same health equity stratifier. Similarly, word limits may be partly responsible for the vague and generic discussions of equity implications (criterion 3) that most RCTs reported (e.g., “limitations of generalizability” or “calls for further research”). An alternative to leaving extra data unpublished has been the use of online appendices; however, these documents are sometimes difficult to access and may be viewed with less interest by readers (Gerring & Cojocaru, 2016). Thus, the reconsideration of word limit policies may contribute to improved reporting of health equity in research.
[bookmark: _Toc178173617]3.2.3 Improving Reporting: Other Groups
In addition to the areas that researchers and journals can improve, REBs, funding agencies, and academic institutions also contribute to how health equity is reported in an RCT.
For studies involving human participants, REBs (also called institutional review boards or research ethics committees) primarily regulate the design and conduct of research to ensure it is ethically and scientifically robust. For instance, it is at the ethics review stage of an RCT where the exclusion of specific groups (e.g., pregnant women) may be permitted or changed. In the literature, specific attention has been given to the consideration of sex, gender, race, and ethnicity by REBs, whereby reviews have identified that there is room for improvement regarding the policies regarding how these health equity stratifiers should be used in study analyses and reporting (Eckstein, 2011; Moerman et al., 2007; Saxena et al., 2022). To support better consideration for health equity throughout the research process, REBs may wish to consider the endorsement of guidelines such as CONSORT-Equity and those specific to relevant health equity stratifiers (e.g., SAGER). 
Funding agencies manage the allocation of research funding across applicants and dictate the use of this funding within approved studies. Several national funding agencies (e.g., the NIH, European Commission, and Canadian Institutes of Health Research [CIHR]) have identified the importance of equity in research (Dewidar et al., 2022; Tannenbaum et al., 2019). This has manifested in funding agencies requiring applicants to explain how certain health equity stratifiers are relevant (or not) to the research (Tannenbaum et al., 2019). In Canada, where the CIHR mandates the consideration of sex and gender in applications, there has been an increase in the proportion of funded proposals that incorporate sex or gender analyses (Tannenbaum et al., 2019). However, in some other jurisdictions, similar mandates resulted in fewer than expected funded proposals incorporating these analyses; this was associated with applicants not having the training to make appropriate considerations (Tannenbaum et al., 2019). Academic institutions may help address this by providing accessible training and resources (e.g., validated prompts for reflection on health equity impact) for researchers. In Canada, such resources exist for sex and gender as well as race and ethnicity (Canadian Institute for Health Information, 2022; Canadian Institutes of Health Research, 2018). Altogether, to further expand reporting of health equity, funding agencies may wish to examine how the thoughtful consideration of other health equity stratifiers can be encouraged, and academic institutions should consider how to better equip researchers with relevant expertise.
[bookmark: _Toc178173618]3.2.4: Wider Implications: The “Siloing” of Health
As illustrated throughout this thesis, a public health perspective is generally focused on the SDOH (e.g., social policy, healthcare systems, and occupation). In contrast, as discussed in Chapter 1, in Western contexts, the most proximal influences of health (i.e., individual behaviours and characteristics) are viewed with particular interest by researchers and decision-makers in clinical fields (Braveman & Gottlieb, 2014). This is evidenced by the tendency of clinical research (e.g., RCTs of vaccines) to focus more on determinants such as age or sex as opposed to education or occupation. This dichotomization of health into individual and population health fields has resulted in the “siloing” of efforts to improve health (Lau et al., 2024). The issue with a solely individual health approach is that addressing only the proximal determinants of health will not result in lasting improvements in health outcomes (Lau et al., 2024). The challenge to improving health through a separate public health sector is that actions targeting the upstream SDOH require multisectoral and interdisciplinary actions (Dahlgren & Whitehead, 2021). We are reaching the limits that these siloed approaches can achieve concerning the improvement of peoples’ health and the reduction of health inequities (Lau et al., 2024). Consequently, increased consideration of the SDOH and health equity issues in clinical research such as vaccine trials may represent a shift towards increased collaboration between sectors and wider uptake of more holistic views of health.
[bookmark: _Toc178173619]3.3 Future Directions
Increased uptake of PROGRESS-Plus (or similar frameworks) also comes with additional challenges for researchers regarding the nuances associated with specific health equity stratifiers. For instance, composite scores are often a more comprehensive measure of socioeconomic status, but are more complicated than using income (Mbuagbaw et al., 2017); the decision to use one measure over the other requires multiple considerations (e.g., the resources required for data collection and the importance of socioeconomic data to the research question and the analyses)
and additional efforts which may preclude the use of this stratifier altogether. For race and ethnicity, the methods of data collection and language used in reporting are dynamic and dependent on context, which can be a daunting task for trialists to navigate (Etowa et al., 2021). As discussed in this chapter, some journals have attempted to support researchers by developing novel guidance on these topics or endorsing existing guidelines (e.g., the SAGER guidelines for sex and gender). However, the resources and knowledge to navigate the above challenges are heterogeneous and dispersed throughout the literature. Thus, future work to improve the reporting of health equity in research may involve the synthesis and consolidation of resources regarding the collection, use, and reporting of different health equity stratifiers.
Due to the mechanisms and complexities underlying health inequities, well-reported research alone will not result in the elimination of health inequities. There remain other influences on decision-makers that may lead to actions with ineffectual or harmful impacts on health inequities. For instance, COVID-19 vaccines were distributed amongst high-income countries before lower-income countries, despite initial calls for equitable distribution and mounting evidence that “nation-first” approaches were contributing to worsening global inequities (Ferranna, 2024; Sparke & Levy, 2022). Thus, as improvements are made to the research evidence, additional work is required to elevate health equity as a priority at decision-making levels.
[bookmark: _Toc178173620]3.4 Final remarks
This thesis included a review of health equity reporting in COVID-19 vaccine trials and discussed areas for improvement. Greater uptake by authors of relevant reporting guidelines and the use of frameworks such as PROGRESS-Plus is needed. This can be facilitated by academic journals, funding agencies, and academic institutions. The improved reporting of health equity in primary vaccine research, as well as in similar fields, will contribute to greater consideration for health equity at decision-making levels. 
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