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Abstract

Background—The Final Rule regulations were developed to allow exception from informed 

consent (EFIC) to enable clinical trial research in emergency settings where major barriers exist 

for informed consent. There is little known evidence of the effect of the Final Rule in minority 

enrollment in clinical trials, particularly in traumatic brain injury (TBI) trials. A clinical trial 

funded by the National Institute of Neurological Disorders and Stroke was conducted to study the 

effects of erythropoietin on cerebral vascular dysfunction and anemia in subjects with TBI. There 

were periods of time when EFIC was and was not available for enrollment into the study.

Purpose—To explore the effect of EFIC availability on TBI trial enrollment of minority versus 

non-minority subjects.

Methods—Minority status of screened (n=289) and enrolled (n=191) TBI subjects was 

determined for this study. We tested for the presence of a minority and EFIC availability 

interaction in a multiple logistic regression model after controlling for EFIC and minority group 

main effects and other covariates.

Results—An interaction between the availability of EFIC minority and non-minority enrollment 

was not detected (odds ratio: 1.22; 95% confidence interval: 0.29–5.16).

Limitations—Our study was conducted at a single site and the confidence interval for the EFIC 

and minority interaction term was wide. Therefore, a small interaction effect cannot be ruled out.

Conclusions—EFIC increased the odds of being enrolled regardless of minority status.
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Background

Informed consent is typically considered a fundamental aspect of ethical clinical research. 

Obtaining consent involves making potential subjects aware of the risks and potential 

benefits of the intervention and make a decision about their willingness or unwillingness to 

participate in the experiment based on this information.1, 2 Unfortunately, obtaining consent 

becomes impossible when subjects are severely impaired at the time of study entry, as is 

often the case in clinical trials in emergency settings.3–5 In these circumstances, study sites 

attempt to contact a legally authorized representative (LAR) to provide informed consent on 

behalf of the prospective participant. In emergency situations it is often critical that the 

representative be approached immediately due to time constraints for optimal interventions.6 

However, it may not be possible to reach appropriate LARs in a short time frame. In these 

cases, the study may not be feasible if informed consent is required.

In response to the necessity of research in many emergency settings, the US Food and Drug 

Administration (FDA) and the Department of Health and Human Services (HHS) developed 

regulations in 1996 that allow approval of clinical trials in which prospective informed 

consent for critically ill or injured subjects is not attainable7. With the intention to ensure 

protection of vulnerable populations, these regulations, known as the Final Rule, have 

specific requirements that allow exception from informed consent (EFIC). For instance, the 

rule is only applicable if subjects have life-threatening medical conditions, if attempts to 

obtain proxy consent within the therapeutic window have been made, and if the local 

community has been consulted about the research.1, 2, 8, 9 Community consultation involves 

a dialog between investigators and the community to discuss the risks and benefits of the 

proposed investigation, providing the opportunity for feedback to determine whether the 

study should be conducted in that community.10, 11 For example, a series of public meetings 

could be held in communities where the clinical investigation will be conducted and from 

which the subjects will be drawn to discuss the study protocol. Despite the burden imposed 

by its application, several studies have used EFIC successfully.8, 12–15 A multicenter trial of 

hypothermia in subjects with acute brain injury designed to achieve 33 degrees Celsius 

within 8 hours after injury, concluded that the implementation of EFIC in the study 

increased enrollment and decreased both randomization time and time to achieve the target 

temperature.16

Fear and mistrust are two of the main reasons enrollment of women and diverse racial/ethnic 

groups in clinical trials has remained low throughout history. Other reasons for low 

participation include health care provider barriers, language barriers, socio-cultural barriers, 

feasibility, and costs.17, 18 Regulations and policies have been developed through time in 

order to protect humans in medical experiments and encourage participation of diverse 

groups. Notably, the National Institutes of Health released “The NIH Guidelines on 

Inclusion of Women and Minorities as Subjects in Clinical Research” in 1994 to ensure 

inclusion of these groups in clinical research. Despite the implementation of these guidelines 

by the US government, ethnic minorities in clinical trials still remain underrepresented. 

Dula 19 argued that minorities’ fears due to the historical abuse of informed consent might 

make researchers’ entrance into minority communities challenging and thus it is difficult to 

comply with the Final Rule’s requirement of community consultation. Additionally, research 
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without consent could foster mistrust in minority populations since it could 

disproportionately affect this group. Institutional review boards have addressed these 

concerns by requiring representation of diverse communities in the community consultation 

process.

In 2006, the National Institute of Neurological Disorders and Stroke (NINDS) provided 

support to initiate a clinical trial in Houston, Texas to study the effects of erythropoietin on 

cerebral vascular dysfunction and anemia in subjects with Traumatic Brain Injury (TBI). 

Subjects with TBI were enrolled from 2006–2012. When this study started, subjects were 

enrolled using a prospective written consent from their family members. However, after IRB 

review and approval of the requirements for emergency research, the mechanism of 

enrollment was changed in August 2007 to allow EFIC. The advantage of having two 

modalities of enrollment in the same trial is the ability to compare these modalities in the 

same study population.

There is little known evidence of the effect of the Final Rule in minority enrollment in 

clinical trials, particularly in TBI trials. In this report, we studied whether there was a 

difference in minority enrollment in the Erythropoietin TBI trial between the periods of time 

when EFIC was available and when it was not.

Methods

Primary Hypothesis

Our primary hypothesis was that EFIC availability increases the likelihood of enrollment for 

minorities more than for non-minorities.

Study Population

A total of 200 subjects were enrolled into the Erythropoietin TBI trial between 2006 and 

2012. In order to be eligible for the study, subjects needed to have suffered a severe brain 

injury with a motor component of the Glasgow Coma Score (mGCS) <5, be at least 15 years 

of age, and be enrolled within 6 hours of injury. A CONSORT diagram of subjects who 

were included and excluded from this analysis is shown in Figure 1. A total of 895 subjects 

were screened in the emergency department at two sites: Memorial Hermann Hospital 

(MHH) and Ben Taub General Hospital (BTGH). The criterion for screening was a subject 

who was not following commands following a head injury. Because of the lack of 

demographic information available on the screened but not enrolled subjects at MHH as well 

as the small number of subjects enrolled from this site, all MHH subjects were omitted from 

this analysis (including 132 screened [14.8%], 8 enrolled [0.9%]). We also excluded 588 

BTGH subjects (65.7%) who failed to meet trial inclusion criteria or who met exclusion 

criteria, with the exception of those excluded due to refusing consent and 8 BTGH subjects 

(0.9%) who had other or unknown race/ethnicity. For the screened subjects, minority status 

was determined by an assessment that was made on admission from appearance, information 

from any relatives, significant others and friends as well as from medical records. For 

enrolled subjects, minority status was revised for 1 subject (0.5%) based on the individual 

subject’s self-identified race/ethnicity and/or that of family members, depending on the 
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status of the subject. All subjects were initially comatose, some died in the hospital and 

some never recovered to a stage where they could self-identify race/ethnicity. On the basis 

of the information received, subjects were categorized as African-American, Asian, White 

non-Hispanic, Hispanic, or Other. For the purposes of this paper, non-minority and minority 

groups were formed, where minority group was defined as Asian, Hispanic-Latino, or Black. 

White is defined as White non-Hispanic. Figure 2 illustrates the cumulative number (by 

month) of screened and enrolled subjects, with shaded regions indicating when EFIC was 

available. EFIC was not available at the beginning of the trial (May 2006 – July 11, 2007) 

and also for a short period of time in the middle of the trial (March 19, 2009 – August 9, 

2009). Between September 15, 2008 and March 19, 2009 the FDA put a clinical hold on 

erythropoietin due to adverse events in its use for other medical conditions, but then allowed 

resumption of the treatment trial at a lower dose. Five months after the trial was restarted the 

FDA allowed EFIC to resume. Thus, in total, EFIC was available for 50 months and not 

available for 20 months.

Statistical Methods

To test the primary hypothesis, we assessed whether the probability of minority participant 

enrollment when EFIC is available is greater than the probability of minority participant 

enrollment when EFIC is unavailable. Hence, we tested for the presence of a minority and 

EFIC availability interaction in a multiple logistic regression model after controlling for 

EFIC and minority group main effects and other covariates. The main effects were coded as 

EFIC availability (1=yes, 0=no) and minority group (1=yes, 0=no). Other covariates 

included violent mechanism of injury (1=yes, 0=no), female (1=yes, 0=no) and age. The 

covariates to include in the final model were chosen using the model building process 

described below.

To determine distributional differences in demographic characteristics between enrolled and 

non-enrolled subjects, chi-square tests were performed for discrete variables and the t-test 

was used for continuous variables. To assess whether any differences detected in EFIC 

enrollment could be explained by the unavailability of the family at the time of enrollment, 

we compared, by minority status, time from injury until hospital arrival, from hospital 

arrival until enrollment, and from hospital arrival until family arrival using the Wilcoxon 

rank sum test due to non-normality.

We also compared data from the community consultation process to determine if minority 

and non-minority communities differed in willingness to have the study conducted in their 

community using Fisher’s exact test. Communities were classified into either non-minority, 

mixed, or predominantly minority. Willingness was defined as a response of “agree” or 

“strongly agree” to the question “Are you willing for this study to be done in your 

community?”. Eight community meetings were held in city multi-service centers or in 

schools distributed throughout Houston. The meetings were in association with other 

planned activities, such as health fairs and community meetings with the Houston Police 

department, and represented diverse racial and ethnic groups. Two hundred forty-three 

surveys were returned from these meetings. Four community leadership groups, classified as 

non-minority, were also included: the Houston Fire Department Emergency Medical 
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Services, central nervous system basic scientists, Mothers Against Drunk Drivers, Gateway 

to Care, and Gulfcoast United Way. Fifty-two surveys were returned from these meetings.

Model Building—All covariates of interest were analyzed using univariate logistic 

regression models and tested at the alpha level of 0.25 to be entered into the multivariable 

model. The contribution of each variable in the multivariable model was determined by 

removing the variable of interest and comparing it to the full model using the likelihood 

ratio test at the 0.1 level of significance. A more detailed description of this approach is 

described in Hosmer and Lemeshow. 20 The area under the receiver operating characteristic 

curve (AUC) and the classification table were used to assess the adequacy of the logistic 

regression model.

All statistical analyses were performed using SAS version 9.2 (SAS Institute) with 2-sided 

statistical tests at a .05 significance level except the interaction term which was tested at the 

0.1 significance level. A significance level 0.1 is generally used in assessing interactions, 

given the acknowledgement that interactions tests would have lower power than tests of the 

main effects.

Results

Of the 289 subjects included in this analysis, 191 (66%) were enrolled into the study (Table 

1). Of these 289 subjects, 61% were screened during the time when EFIC was available and 

the majority were enrolled (81.2%; p<0.001). The number of Hispanic-Latino, Black, and 

Asian subjects was consistently higher than the White population among the enrolled (77%) 

and non-enrolled (73.5%) groups. Overall, the average age was 36 years, there were 75.8% 

minority, 85.5% male, and 9.7% who had violent injuries. There were no differences 

detected between enrolled versus screened but not enrolled by race, gender, mechanism of 

injury, or age.

There were no statistically significant differences detected in the time to the subject’s 

hospital arrival between minorities and non-minorities (p=0.17). Minority families arrived 

significantly later than non-minority families (median= 3.8 hours for minorities, median=2.3 

hours for non-minorities, p=0.02). The percentage of minority families that arrived later than 

6 hours after the estimated injury time (estimated at the time of arrival to the hospital) was 

higher than for non-minority families (minority families - 42%; non-minority families - 

24%; p=0.04).

Figure 2 displays the relationship between enrollment and EFIC availability, stratified by 

minority status. There are notable differences in the slopes of the cumulative enrollment line 

compared to the cumulative screened line when EFIC was not available (white, non-shaded 

areas). In contrast, the slopes are similar when EFIC was available (grey, shaded areas). This 

was consistent for both minority and non-minority groups.

Variables EFIC availability, minority status, and the interaction between EFIC availability 

and minority were included in all multiple logistic regression models. After the model 

building and variable selection process, the final model included EFIC availability, minority 

status, and the interaction between EFIC availability and minority status (violent mechanism 
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of injury, female, and age variables were excluded from the model). The model fit the data 

well (sensitivity=81% and specificity = 80% for 0.5 posterior probability cutoff, AUC = 

0.81).

Table 2a displays the results from the logistic regression analysis. An effect of the 

availability of EFIC on minority and non-minority enrollment was not detected (OR: 1.22; 

95% CI: 0.29–5.16). When EFIC was not available, the log-odds of minority enrollment was 

0.75. Alternatively, when EFIC was available, the log-odds of minority enrollment was 0.96. 

The logistic regression model was then fit without the interaction term (Table 2b). The odds 

of being enrolled during the time that EFIC was available were 17.1 times larger than the 

odds when EFIC was unavailable (OR: 17.1; 95% CI: 9.23–31.72).

In assessing the community consultation process, a difference in willingness for the study to 

be conducted in minority and non-minority communities was not detected (73/74=99% 

Agree or strongly agree in non-minority communities versus 203/215=94% in the mixed and 

minority communities, p=0.20, Fisher’s exact test). Separating the mixed community from 

the minority group, 80% (12/15) of the mixed group agreed or strongly agreed whereas 96% 

of the minority group was favorable to conducting the study in their community.

Discussion

TBI is one of the most common causes of brain damage in the United States where 1.7 

million are affected every year, and of these, about 52,000 die.21 EFIC has been found to be 

important for TBI trials when the intervention effectiveness is contingent on using it within 

a short period of time after injury and when it is unreasonable to expect that the intermediate 

steps between surrogate availability and prospective consent can be shortened.

Minorities, defined by Humes et al. 22 as the entire U.S population excluding non-Hispanic 

Whites alone, account for 36.3% of the United States population and the percentage is 

projected to be 53.7% by 2050.23 Studies have found that minorities affected with TBI have 

different demographic and injury characteristics and poorer functional outcomes than 

injured non-minorities. 24–28 The discrepancy in functional outcomes has been related to less 

medical care provided to minorities 26, 28, 29 and to socio-demographic and injury 

factors.24, 25, 30 Because minorities and non-minorities afflicted with TBI differ in many 

aspects, it is necessary that TBI research studies consider an adequate representation of both 

groups in order to improve the outcomes of the whole population.

In the current study, we did not find any evidence to suggest that there were any differences 

in the odds of being enrolled into a TBI study between minorities and non-minorities. As 

expected, we observed a significant increase in the odds of being enrolled using the EFIC 

mechanism. While EFIC was available, 81% of subjects were enrolled whereas 19% of 

subjects were enrolled while EFIC was not available. Our primary objective was to test for 

an interaction between EFIC availability and minority enrollment. We did not detect a 

statistically significant interaction. Although minority families arrived at the hospital 

significantly later than non-minority families, had a higher percentage of families arriving 

outside of the six-hour window (disallowing prospective subject enrollment and at least 

Yamal et al. Page 6

Clin Trials. Author manuscript; available in PMC 2015 April 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



partially increasing the percentage of minority subjects being enrolled under EFIC [Figure 

1]), EFIC similarly increased the odds of being enrolled in both minority and non-minority 

populations. We were concerned that the EFIC process might enroll minority subjects who 

would otherwise not consent. If that was the case we would expect to see an interaction 

between minority status and the availability of EFIC. The data suggest that the increase in 

enrollment using EFIC was unlikely to come at the expense of unwilling minority subjects 

and their families. This is consistent with our own data from community consultation that 

showed little difference in willingness to have the study conducted in their communities.

Other studies have looked at a similar question. Using informed consent in the first 9 months 

of their trial and EFIC in the remaining 33 months, Clifton et al. 16 observed that EFIC 

increased minority enrollment of subjects with acute brain injury from 20% when it was not 

available to 26% when it was. The authors compared the distribution of race before and after 

the EFIC mechanism was implemented, only among those subjects enrolled into the study. 

Sugarman et al. 31 studied whether racial and ethnic minority enrollment was 

disproportionate using EFIC under emergency circumstances. No differences were found; 

however, historical controls were used and race information was not collected for those who 

were screened but did not enroll.

Our study has several strengths. Our trial has periods of time when EFIC was available and 

when it was not available; hence, we have a means of comparing the two. Also, there are 

two different time periods without EFIC, not just a single period before the trial starts. 

Unlike the Clifton et al. 16 and Sugarman et al. 31 studies, we have racial/ethnic information 

for all screened subjects, not only those that were enrolled into the study. Considering the 

screened and enrolled subjects allowed us to study changes in the probability of enrollment 

and thus the effect of the availability of EFIC on minority enrollment. An additional strength 

is the similarity of the minority distribution in the TBI trial compared to the population of 

subjects screened. Due to a relatively small sample size, the confidence interval for the EFIC 

and minority interaction term was wide. A small interaction effect cannot be ruled out. 

There are many challenges to obtaining a larger sample size to test this hypothesis. 

Additionally, this study uses data from one clinical site and thus may have uncertain 

generalizability. However, the BTGH site in Houston, Texas serves a very large and diverse 

population (32.2% Caucasian, non-Hispanic-Latino, 41.5% Hispanic-Latino, 19.5% Black-

African American, 6.6% Asian, 2.8% other race/ethnicity, based on the 2010 population 

census).

Given that EFIC significantly increased enrollment and that there appears to be no adverse 

effects on minority recruitment, EFIC availability should be considered for TBI trials. While 

burdensome, EFIC requirements including community consultation are viable in the TBI 

setting.
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Figure 1. 
CONSORT diagram of screened subjects
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Figure 2. 
Cumulative enrollment of screened and enrolled subjects by month and minority status. 

Shaded and white regions indicate times when EFIC was and was not available, 

respectively.
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Table 1

Study characteristics of enrolled and not enrolled subjects

Screened but not enrolled (N=98) Enrolled (N=191) P-Value

Race

 Minority* 72 (73.5%) 147 (77.0%) 0.56

 White 26 (26.5%) 44 (23.0%)

EFIC Availability

 Available 20 (20.4%) 155 (81.2%) <0.001

 Unavailable 78 (79.6%) 36 (18.9%)

Gender

 Male 80 (81.6%) 167 (87.4%) 0.22

 Female** 18 (18.4%) 24 (12.6%)

Mechanism of Injury

 Violent 10 (10.2%) 18 (9.4%) 0.84

 Non-Violent 88 (89.8%) 173 (90.6%)

Mean±SD

Age 34.5±12.9 34.0±13.6 0.74

*
Minority defined as Asian, Hispanic-Latino, and Blacks.

**
One subject coded as an anatomical male living as female. Subject analyzed as male in this analysis.

Clin Trials. Author manuscript; available in PMC 2015 April 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Yamal et al. Page 13

Table 2

Table 2a. Logistic regression model estimates for likelihood of being enrolled into study including minority EFIC Availability 
Interaction.

Odds Ratio 95% CI P-Value

Minority 0.78 0.34 – 1.84

EFIC Availability 14.67 4.18 – 51.45

EFIC*Minority 1.22 0.29 – 5.16 0.78

Table 2b. Logistic regression model estimates for likelihood of being enrolled into study*

Odds Ratio 95% CI P-Value

Minority 0.87 0.42 – 1.69 0.63

EFIC Availability 17.1 9.23 – 31.72 <0.001

*
Since no interaction was detected, the model was refit without the interaction term.
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