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Abstract

Introduction: Representativeness of research populations impacts the ability to extrapolate
findings. The Burn Model System (BMS) National Database is one of the largest prospective,
longitudinal, multi-center research repositories collecting patient-reported outcomes after burn
injury..

Objective: This study aimed to assess if the BMS Database is representative of the population
that is eligible to participate.
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Design: Data on adult burn survivors who were eligible for the BMS Database from 2015 to
2019 were analyzed.

Setting: N/A

Participants: Burn survivors treated at BMS centers meeting eligibility criteria for the BMS
Database. Eligibility for the database is based on burn size and receipt of autografting surgery.

Interventions: N/A

Main Outcome Measure(s): Race, ethnicity, gender, and age were compared between
individuals who did and did not enroll. Regression analysis examined the correlation between
demographic characteristics and study enrollment.. Additional regression analysis examined the
association between enrollment and the intersection of race, ethnicity, and gender.

Results: A total of 982 adult burn survivors were eligible for the BMS database during the study
period. Of those who were eligible, 72.1% Enrolled and 27.9% were Not Enrolled. The Enrolled
group was more female and younger compared to the Not Enrolled group. In regression analyses,
Black/African American burn survivors were less likely and individuals identifying as female
were more likely to enroll in the BMS Database. Further, when looking at groups by race and
gender and ethnicity and gender, White men and women were more likely to enroll compared to
Black/African American men and women and non-Hispanic/Latino men were more likely to enroll
compared to Hispanic/Latino men.

Conclusions: This study found differences in BMS Database enrollment by race, ethnicity, and
gender. Further research is warranted to investigate causes for the disparities found in this study.
Additionally, strategies are needed to improve enrollment to ensure future representativeness.

Introduction

High-quality clinical research is a cornerstone of the development of evidence-based
practice guidelines. Clinical investigations should be aimed at ensuring that findings address
the needs of the entire target population. There is a vast amount of research demonstrating
disparities in healthcare access, quality, and acute and long-term outcomes based on

race, ethnicity, gender, age, and socioeconomic status—with minority groups faring worse
overall.1 Healthcare disparities for people in minority racial and ethnic groups have been
documented in rehabilitation medicine in general, as well as in the burn population.2= The
presence of these disparities emphasizes the importance of ensuring individuals from all
groups are equitably represented in research.

Racial and ethnic minorities may be less willing to participate in research in the United
States (U.S.) due to a variety of factors, including but not limited to, mistrust of the medical
system and historic mistreatment.>8 There is limited research specifically examining
consent rates of racial and ethnic minority groups compared to majority groups. Among
the few studies that have examined consent rates by race and ethnicity, results are mixed.’-2
Some studies have found minority groups to be less likely to participate and some cite no
differences or a greater amount of participation by Black/African American and Hispanic/
Latino individuals.>19-12 Notably, scientific research has historically excluded women
and older adults when setting enrollment criteria and identifying potential research study
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subjects.13-15 In recent years, however, important efforts by the National Institutes of Health
(NIH) and others have improved the enrollment of underserved populations in research.16-19

An exploration of the epidemiology of burns shows that some minority populations

are disproportionately at risk of sustaining a burn injury.29 Disparities within the burn
population show that minority individuals often experience worse outcomes.?1-23 For
example, research shows that African American burn survivors have increased odds of
mortality after burn injury and are at higher risk of morbidity compared with non-Hispanic
white individuals.?124.25 Sex and/or gender may also be a factor as there is evidence

that female burn survivors experience higher mortality and worse scores on some patient
reported outcome measures compared to male survivors.24-2% Not surprisingly, age also
influences outcomes, and elderly burn survivors have higher morbidity and mortality than
younger survivors.30-32

Conducting longitudinal research in the burn survivor population is a vital step in
understanding recovery and long-term outcomes to inform clinical care decisions. Moreover,
it is imperative that the burn survivor population is adequately represented in long-term
outcomes research to ensure that results are applicable to the entire target population.
Underrepresentation of certain groups of burn survivors may impact the extent to which
research findings can be applied to the burn population, leading to the development of
evidence-based practices that are not necessarily valid for all.

As one of the largest prospective, longitudinal, multicenter research data repositories for
burn survivors, the Burn Model System (BMS) National Database is a unique resource

to explore the representativeness of burn survivors who choose to participate in long-term
research. Therefore, the purpose of this research study was to compare demographic and
clinical characteristics of enrolled vs. not enrolled burn survivors who were eligible to
participate in the BMS Database. The authors hypothesized that there would be disparities
in enrollment by race, ethnicity, gender, and age. Therefore, the aim of this study was to
assess the extent to which the research population of the BMS Database is representative
of the patient population that is eligible to participate. This study fills a gap in the existing
literature by examining the extent to which burn research participants adequately represent
the larger burn survivor population. More specifically, the results inform the generalizability
of research using the BMS Database.

This study utilized data from the BMS Database, a prospective, longitudinal, multicenter
research study funded by the National Institute on Disability, Independent Living, and
Rehabilitation Research.32 The BMS Database was created in 1993 to examine functional
and psychosocial outcomes following burn injury. BMS centers applied for and were funded
through NIDILRR’s Disability and Rehabilitation Research Projects funding program. BMS
center grants fund centers for a five year period, with the most recent cycle funding four
centers from 2017—2022.33 The study population included all BMS Database eligible burn
survivors aged 18 or older who received acute burn care at a BMS site from January 2015

to December 2019. To be eligible to enroll in the BMS Database during this time period,
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burn survivors had to receive autografting for wound closure and meet one of the following
inclusion criteria:

1. 18-64 years of age with a burn injury =220% total body surface area (TBSA) OR
2. =65 years of age with a burn injury 210% TBSA OR

3. Any age with a burn injury to their face/neck, hands, or feet OR

4. Any age with a high-voltage electrical burn injury

For the purposes of this study, the data were divided into two groups: “Enrolled” includes
patients who consented and were enrolled into the BMS Database; “Not Enrolled” includes
patients who met BMS Database inclusion criteria but did not consent to enroll in the study.
A small set of demographic and clinical characteristics are collected for all patients who
meet inclusion criteria regardless of final study enrollment status. Written informed consent
is obtained from all participants. Each BMS site’s Institutional Review Board approves the
study and oversees data collection.

The set of de-identified data collected for all clinically eligible burn survivors includes BMS
site, inclusion criteria, age at the time of burn injury, gender (defined as male/female), race,
and ethnicity. Importantly, the BMS Database does not account for the gender spectrum and
uses the term “gender” to apply to the binary terms female and male (which are usually
designated as “sex” terms). In the BMS Database, race is reported in the categories of Black/
African American, Asian, Caucasian, American Indian/Alaskan Native, Native Hawaiian

or other Pacific Islander, more than one race, and other. For the purposes of analysis,

race categories were collapsed into Caucasian, Black/African American, Asian, and Other
(American Indian/Alaskan Native, Native Hawaiian or other Pacific Islander, more than

one race, and other). Ethnicity is reported as Hispanic/Latino and Not Hispanic/Latino.
Race and ethnicity data for unenrolled but eligible patients were added to data collection

in 2015. Further details regarding data collection, inclusion criteria, and data sites can be
found at http://burndata.washington.edu.33 This study conforms to all STROBE guidelines
and reports the required information accordingly (see Supplementary Checklist).

Data Analysis

Descriptive statistics compared demographic and clinical characteristics of the Enrolled

and Not Enrolled groups. To assess differences between the two groups, non-parametric
Wilcoxon Mann Whitney tests were used for continuous variables (age), with age coded

into categories (18-39, 40-59, 6079, and 80+) to account for non-linearity of the data.
Chi-square (gender and ethnicity) and Fisher’s exact tests (race, inclusion criteria, BMS site)
were used for categorical variables. Poisson regression analysis was used to evaluate the
association between enrollment status and demographic characteristics, controlling for BMS
site and inclusion criteria. Adjusted rate ratios (RR) and 95% confidence intervals, robust
standard errors and p-values are reported for all variables in the model. A p-value less than
0.05 was considered statistically significant. Model diagnostics examined fit and adequacy
of the model. Further, the raw data on race and ethnicity of the BMS Database eligible
population was compared to the U.S. population using the 2018 U.S. Census.
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A secondary analysis examined whether there were statistical differences between the
Enrolled and Not Enrolled groups by race and gender combined as well as ethnicity

and gender combined. Rates of enrollment of Black/African American women were
compared with White/Caucasian women; an analogous comparison was performed for men.
Additionally, rates of enrollment of Hispanic/Latino/a men and women were compared with
Not Hispanic/Latino/a men and women. Poisson regression analyses, similar to the main
analysis model, examined the association between enrollment status and the intersectional
groups described above.

Demographic Characteristics

A total of 982 burn survivors age 18-99 years old were eligible for the BMS Database
between January 2015 and December 2019 and were included in the study. Of those

who were eligible, 708 (72.1%) Enrolled and 274 (27.9%) were Not Enrolled. The
Enrolled group was significantly younger (45.8 vs. 48.8 years; p=0.03) with fewer men
(70.1% vs. 78.1%; p=0.01) than the Not Enrolled group. (Figure 1) There were no
significant differences in race or ethnicity between the Enrolled and Not Enrolled groups.
The distribution of BMS site and inclusion criteria were significantly different between
the groups (p<0.001). There were more hand/face/feet burns in the Not Enrolled group
compared to the Enrolled group (72.3% versus 64.5%; p<0.001). This data is shown in Table
1. Compared to the United States Census, the percentage of the Enrolled BMS Database
population is only representative of the U.S. Hispanic/Latino population. (Figure 2)

Regression Analysis

In the Poisson regression model, Black/African American race and gender were significant
predictors of enrollment into the BMS Database (Table 2). Ethnicity and age were not
found to be significant predictors of enrollment. Individuals who identified as Black/African
American were 0.82 times less likely than those identifying as White/Caucasian (p=0.005)
to enroll into the database and female burn survivors were 1.07 times more likely to enroll
as male burn survivors (p<0.04). In addition, burn survivors with electrical/high voltage/
lightning injury were 1.29 times more likely as those with other burn etiology to enroll
(p=0.02). The comparison was with older patients who had greater than 10% total body
surface area burns (Table 2). BMS site was not a predictor of enroliment in the BMS
Database.

Model diagnostics checked the fit and adequacy of the regression model. Overdispersion
was ruled out using negative binomial regression as a comparison model. Outlying or high
leverage points were also examined; no observations were removed from the model. Robust
standard errors were used to control for mild violation of underlying assumptions.

Secondary Analysis

Significantly more White women and men as well as Hispanic/Latina women enrolled in the
BMS Database compared to Black/African American women and men and Not Hispanic/
Latina women. (Figures 2 and 3) Additionally, regression analyses found that Black/African
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American women and men were 0.83 and 0.81 times less likely to enroll compared to their
White counterparts, respectively. Hispanic/Latino men were 0.75 times less likely to enroll
compared to non-Hispanic/Latino men. (Table 3)

Discussion

It was hypothesized that there would be significant disparities based on race, ethnicity,
gender, and age between the patient population that was eligible to be part of the BMS
Database and that which enrolled in the Database. After comparing Enrolled and Not
Enrolled burn survivors who met clinical eligibility to participate in a lifelong longitudinal
study of post-burn outcomes, race and gender were found to be significant predictors of
enrollment. Further, an examination of the intersectionality of race and gender as well

as ethnicity and gender among the eligible population showed significant findings. Black/
African American burn survivors were less likely to enroll than White burn survivors

and female burn survivors were more likely to enroll than men. White men and White
women were more likely to enroll compared to Black/African American men and women
and Hispanic/Latino men were less likely to enroll compared to Not Hispanic/Latino men.
Regarding age, while the Enrolled group was younger than the Not Enrolled group, age was
not a significant predictor of enrollment in the regression analysis.

In this study, burn survivors meeting inclusion criteria for the BMS Database who are Black/
African American were found to be 0.82 times less likely than White individuals to enroll.
There is a wealth of literature examining the long-term impacts of historical mistreatment of
Black/African Americans in research as well as current health disparities for this population,
which has understandably resulted in mistrust of healthcare and research institutions.3:6:34-36
Hispanic/Latino men were 0.75 times less likely to enroll in the BMS Database than Not
Hispanic/Latino men. A 2006 review of research studies, however, found nonsignificant
differences in consent rates by race and ethnicity indicating that these groups may be just

as willing to participate in research when given the opportunity.® Further, there is evidence
that minority burn survivors experience injury-related sequelae differently. Scar quality and
healing, for example, has been found to be impacted by skin color and those with darker skin
tones often experience worse scar quality.3” Along similar lines, Black/African Americans
have also been found to be more likely to develop severe contractures after their burn
injury.38 Given these differences, it is important to ensure equal representation of minorities
in studies especially those examining the long-term implications of injury.20-22.24.25

Burn survivors identifying as female were 1.07 times more likely than those identifying
as male to enroll in the BMS Database. Since females differ in anatomy and physiology
from people who are biologically male, there are important reasons why the inclusion

of both sexes is important in clinical research. Historically, male participants have been
overrepresented in research, so this finding suggests that the BMS Database is capturing
those who might have previously been overlooked for a study of this kind.3%-41 Within
the burn population, female survivors have been shown to have higher mortality compared
to their male counterparts.2426 In addition, burn injuries have been shown to negatively
affect women’s overall long-term health and quality of life more than men.28.29.42

Social determinants of health (e.g., socioeconomic factors, geography, education, access
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to nutritious food) may also be experienced differently by men and women, leading to
differences in their outcomes.#344 Further, when examining intersectional identities by race
and gender, female burn survivors who were Black/African American were less likely to
enroll than their White counterparts.

Regarding age, the results were mixed. The Enrolled group was significantly younger than
the Not Enrolled group, as the average age of the two groups were 45.8 years and 48.8 years,
respectively. However, age was not found to be a significant predictor of enrollment when
controlling for the other demographic variables as well as inclusion criteria and BMS site

in the regression analysis. Given known disparities among elderly injury populations, it is
important to ensure equitable inclusion of this population.

Although examining the impact of injury type on enrollment status was not the primary aim
of this study, results demonstrated that individuals with electrical injury were found to be
1.29 more likely to enroll as eligible burn survivors over the age of 65 years old with burns
size greater than or equal to 10% total body surface area. Electrical injuries are complicated
in nature and short-term as well as long-term sequelae have been documented.*>-47 There is
little evidence to aid in the understanding of why this population is more likely to participate
in this study. Electrical injuries are more likely to be experienced by young, White men and
it is possible that these individual demographic characteristics impact enrollment more than
the type of injury.*> However, the younger age group was not found to be more or less likely
than older age groups to enroll in the BMS database.

Disparities in enrollment are likely multifactorial and may be related to the individual
participant or the organization conducting the research. Individuals may not want to
participate based on concerns for their own safety and/or a mistrust of the healthcare
system. On the other hand, structural and organizational unconscious bias is often a factor

in various disparities and may impact enrollment. For instance, how much time a healthcare
professional spends explaining the enrollment process and benefits may be a factor. If

an individual is reluctant to participate for any reason, it may be that additional time is
needed to delve into reasons for this and address any concerns. It is important for clinicians
and researchers to understand and be able to identify cultural differences among potential
participants. Additionally, enrollment may be affected if the process is not presented in
someone’s primary language. Health literacy is also an important issue that may contribute
to health disparities, including clinical trial enrollment. An Institute of Medicine report titled
“Health Literacy: A Prescription to End Confusion” defines the term health literacy as “the
degree to which individuals have the capacity to obtain, process, and understand basic health
information and services needed to make appropriate health decisions”.#8 Given the results
of this study, there is an opportunity for the BMS to further investigate and address the
issues of representativeness in this longitudinal database and consider how this impacts the
interpretation of results.

Additionally, subject attrition in a study, whether pre-inclusion or post-inclusion is a
significant factor that not only diminishes the generalizability but may also produce bias
in study findings. Two previous studies examined post-inclusion participation in the BMS
Database and identified sociodemographic risk factors to identify individuals at high risk
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for attrition, and the resulting potential sources of bias in the database.4?0 The current
study goes a step further by examining and comparing eligible-enrolled participants with
those eligible but not enrolled in the BMS Database.. Identifying significant factors related
to recruitment and retention strategies and materials that are specifically designed for
individuals in the longitudinal database. Further, the BMS is currently working to enhance
the understanding of recruitment and retention barriers for minority groups by conducting
a qualitative study investigating reasons participants choose to enroll in the BMS Database.
Using one-on-one, semi-structured interviews, this study will assess barriers and facilitators
of participation in research and the outcome of this study will be the development of new
or modification of existing recruitment and retention strategies and materials specifically
targeted to burn survivors from specific underrepresented groups. In addition, the authors
recommend that future research with the BMS Database should consider reporting the
limitation that database participants are not necessarily representative of eligible subjects,
particularly in terms of race, ethnicity, and gender.

These efforts align with a broader movement within the field of research to ensure the
inclusion of underrepresented populations. The NIH has been addressing the inclusion of
underrepresented groups in clinical trials for more than a quarter of a century; it recently
updated and expanded policies for Inclusion Across the Lifespan and Inclusion of Women
and Minorities policies, which outline that studies should not be designed to exclude
individuals based on race, ethnicity, gender, or age unless there is a specific scientific or
ethical reason to do s0.16:17 Similarly, the Health Services and Research Administration
states in their 2019-2022 Strategic Plan that the organization will use evidence-based
research to address health disparities and the Food and Drug Administration is finalizing

a policy statement that enroliment of underrepresented populations in clinical trials should
be broadened.18:19 These practices aim to hold researchers accountable for transparency in
the design and conduct of research; to ensure studies are fair and equitable; and to guarantee
that results address the needs of entire disease populations. Thus, this study fits well into an
existing and expanding body of literature that is aimed at ensuring the equitable inclusion of
representative patient populations in research.

Study Limitations

An important limitation of this study is the circumscribed number of variables collected
on individuals who do not enroll in the BMS Database. Information on socioeconomic
status in addition to long-term patient reported outcomes are not collected for those who
do not enroll in the study, so it is not possible to compare the two populations beyond
basic demographic characteristics and clinical inclusion criteria that are appropriate to
collect on unenrolled eligible subjects. Further, we do not have any information on why
eligible participants choose not to participate. This information will be collected in the
future, however. The BMS Database was created in 1993 and variables used to define
race, ethnicity, and gender may not be representative of today’s norms. Race and ethnicity
categories are consistent with what is currently used in research studies examining other
trauma populations (https://www.tbindsc.org/ and https://www.nscisc.uab.edu/). Gender is
consistent with what is currently being used in the National Burn Repository.5! Additionally,
the BMS Database is limited in its geographical reach and therefore generalizability to the
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national burn population with centers in Boston, Massachusetts, Dallas, Texas, Galveston,
Texas, and Seattle, Washington. However, the BMS Database has been shown to be
representative of the general United States population.>? Due to the format of the inclusion
criteria variable, it is not possible to examine burn size as an isolated variable. Finally, the
retrospective study design potentially limits the interpretation and generalizability of the
results.

Conclusions

In this study, disparities in enroliment in the BMS Database by race, ethnicity, and gender
were found. Several groups of minority burn survivors were found to be less likely to
enroll than White burn survivors including Black/African American men and women as
well as Hispanic/Latino men. Female burn survivors were more likely to enroll than male
burn survivors. It is important for clinicians and researchers to recognize that the BMS
Database is limited in its representativeness of diverse populations; this should improve
the understanding of burn recovery and guide decisions about interventions and resource
allocation. The results of the current study underscore issues of transparency, equity, and
representativeness of data in the BMS Database and begin to shine a light on these issues
in burn and rehabilitation research more generally. More research is needed to determine
causality regarding the underrepresentation of various populations in the BMS Database and
future efforts are needed to address these disparities.
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Enrolled and Non-Enrolled Participants in the Burn Model System National Database by

Gender
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Figure 2:
Racial and Ethnic Demographics of Enrolled and Not Enrolled Burn Survivors in the Burn

Model System National Database Compared to the US Census34
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Comparison of Race Among Men and Women Eligible to Participate in the Burn Model

System National Database
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Table 1:

Demographic and Clinical Characteristics of Enrolled and Not Enrolled Burn Survivors in the Burn Model
System National Database

Enrolled (n=708) Not Enrolled (n=274) p-value  Total Eligible (n=982)

Age at time of burn injury, mean years (SD)  45.8 (16.2) 48.8 (18.1) p=0.03

Gender, % male (n) 70.1 (496) 78.1 (214) p=0.01 72.3 (710)

Race, % (n)

Black/African American 10.5 (72) 17.5 (43) p=0.07 12.7 (115)
Asian 1.9 (13) 2.4 (6) 2.0 (19)
Caucasian 81.0 (553) 73.2 (180) 78.9 (733)
Other 6.6 (45) 6.9 (17) 6.7 (62)

Ethnicity, % (n)
Hispanic/Latino 17.0 (115) 21.3(34) p=0.20 17.8 (149)
Not Hispanic/Latino 83.0 (563) 78.8 (126) 82.2 (689)

Inclusion criteria, % (n)

10%+ TBSA burned, 65+years 5.0 (35) 8.0 (22) p<0.001 5.8 (57)
20%+ TBSA burned, 19-64 years 24.2 (171) 17.9 (49) 22.4 (220)
20%+ TBSA burned, 0-18 years 2.3(16) 1.5(4) 2.0 (20)
Electric/high voltage/lightning 4.1(29) 0.4 (1) 3.1(30)
Hand/face/feet burn 64.5 (456) 72.3 (198) 66.7 (654)
BMS Site
A 32.8(232) 22.3(61) p<0.001  29.8 (293)
B 32.6 (231) 34.3(94) 33.1(325)
C 1.6 (11) 04 (1) 12(12)
D 33.1(234) 43.1 (118) 35.8(352)

“Other” race includes American Indian, Native Hawaiian or Pacific Islander, more than 1 race, and other Standard Deviation (SD)
Total Body Surface Area (TBSA)

Non-parametric t-tests (Wilcoxon Mann Whitney) was used for age; chi-squared tests were used for gender and ethnicity; Fisher’s exact tests were
used for race, inclusion criteria, and BMS site. P-value<0.05 is considered significant and significant values are bolded in the table.
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Poisson Regression Assessing Association between Enrollment and Characteristics of the Study Population

Adjusted Rate Ratios (95% Cl) | Robust S.E. | p-value
Age (compared to 18-39)
40-59 years 1.01 (0.95-1.08) 0.03 0.68
60-79 years 0.93 (0.84-1.03) 0.05 0.16
>80 years 0.77 (0.52-1.15) 0.16 0.20
Gender (compared to male)
Female 1.07 (1.00-1.14) 0.04 0.04
Race (compared to White/ Caucasian)
Black/African American 0.82 (0.72-0.94) 0.06 0.01
Other 0.88 (0.77-1.00) 0.06 0.05
Ethnicity (compared to nonHispanic)
Hispanic/Latino 0.91 (0.82-1.01) 0.05 0.08
Criteria (compared to 10%+ TBSA burned, 65+ years)
20%+ TBSA burned, 19-64 years 1.08 (0.87-1.34) 0.12 0.47
20%+ TBSA burned, 0-18 years 1.13(0.73-1.74) 0.25 0.59
Electric/ high voltage/ lightning 1.29 (1.04-1.59) 0.14 0.02
Hand/face/feet burn 1.10 (1.00-1.14) 0.11 0.36

Total Body Surface Area (TBSA)

Analysis also controlled for Burn Model System site

P-value <0.05 is considered statistically significant and significant results are bolded in the table.
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Poisson Regression Analyses Assessing Association Between Enrollment and a Combination of Race and
Gender as well as Ethnicity and Gender

Adjusted Rate Ratios (95% Cl) | Robust S.E. | p-value
Women (compared to White)
Black/African American 0.83 (0.71-0.98) 0.07 0.03
Men (compared to White)
Black/African American 0.81 (0.69-0.96) 0.07 0.01
Women (compared to NonHispanic/Latina)
Hispanic/Latina 1.00 (0.89-1.21) 0.06 0.98
Men (compared to NonHispanic/Latino)
Hispanic/Latino 0.75 (0.58-0.97) 0.10 0.03

p-value<0.05 is considered statistically significant and significant results are bolded in the table.
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