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ABSTRACT
Objective The study aimed to assess systematic 
differences in the characteristics of patients that 
consented for the trial compared with the broader pool of 
eligible patients in a large, pragmatic orthopaedic trauma 
trial.
Design A retrospective observational study performed 
from April 2017 to March 2018.
Setting Academic trauma centre in Baltimore, USA.
Participants There were 642 eligible adult trial 
participants with an operative fracture to the appendicular 
skeleton and were indicated for blood clot prophylaxis. The 
median age of the sample was 50 years (IQR: 31–63), and 
60% were male.
Primary outcome measure The primary outcome 
was the refusal to enrol in the trial. Demographic and 
injury covariates were included in iterations of latent 
class models. The final model was selected based on a 
minimum Bayesian information criterion.
Results The final model identified three clusters with 
five covariates predictive of cluster membership (age, 
neighbourhood-based socioeconomic status, alcohol use, 
multiple fractures, multiple surgeries). The three clusters 
were associated with 22% (Cluster 1), 38% (Cluster 2) 
and 62% (Cluster 3) refusal rates, respectively. Members 
of Cluster 3 (n=84) were most commonly between 66 and 
80 years of age (49% vs 6% (Cluster 1) and 21% (Cluster 
2)), of high neighbourhood-based socioeconomic status 
(85% vs 63% (Cluster 1) and 8% (Cluster 2)), with isolated 
fractures (100% vs 80% (Cluster 1) and 92% (Cluster 2)), 
and were less likely to have multiple surgeries compared 
with the other clusters (28% vs 47% (Cluster 1) and 35% 
(Cluster 2)).
Conclusion In this study, the likelihood of refusing to 
participate in the trial ranged from 22% to 62% in the 
three identified clusters. Elderly age, high socioeconomic 
status, and less severe injuries defined the cluster that 
was most likely to refuse trial participation.
Trial registration number NCT02984384.

InTRODuCTIOn
In clinical research, randomised controlled 
trials (RCTs) are considered the gold stan-
dard in evaluating the effectiveness of treat-
ments. However, lags in enrolling participants 

can delay the availability of evidence, increase 
the costs of the research, and compromise the 
generalisability of results.1 Identified barriers 
to enrolment can include challenges at the 
site level, including fewer eligible partici-
pants, competing studies, or lack of a clin-
ical equipoise, but can also include patient 
levels factors, such as the perceived burden 
of the research, stress due to randomisation, 
a propagation of questionnaires and medical 
testing, and additional clinical visits.2 3 The 
high refusal rate observed in many clinical 
trials, particularly given the systematic differ-
ences between study participants and the 
eligible study population, has the potential 
to impact the external validity of the research 
findings.

The reported refusal rates into randomised 
orthopaedic trials typically range from 8% to 
20%, although this rate can decline to more 
than 50% when surgical interventions are 
compared with non-surgical interventions.4 
One such study reported a refusal rate of 
more than 90%.5 These rates of trial refusal 

Strengths and limitations of this study

 ► A nine-member patient stakeholder advisory com-
mittee was instrumental in the design of this study 
and the interpretation of the study findings.

 ► The study uses latent class analysis to investigate 
the systematic differences in patients based on their 
participation in a clinical trial.

 ► This study adds to a paucity of data on factors asso-
ciated with clinical trial participation, particularly in 
the trauma population.

 ► The study was only performed at one centre and 
may have limited generalisability to other centres 
and other trials.

 ► Over half of participants that refused to participate 
did not provide a reason for this refusal, limiting our 
ability to compare reasons for refusals with cluster 
membership.
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are consistent with the oncology trial literature, for which 
an estimated 45%–95% of eligible adult patients declined 
participation in the clinical trial, with higher refusal rates 
for racial and ethnic minorities.6–8 A review of nearly 300 
cardiology trials found median refusal rates to be less than 
17%. Participation rates were the highest when consent 
occurred in the acute care setting, for studies conducted 
outside the USA, and in studies sponsored by industry.9 In 
surgical RCTs, refusal rates have been found to be higher 
among participants who are older, of a minority group, and 
more ill, while evidence regarding the impact of education 
varies.10 While the disparities in research participation have 
been investigated in multiple clinical areas of research, 
there is a paucity of data specific to patients with traumatic 
injuries. Despite the psychological distress associated with 
a traumatic injury,11 refusal rates for trauma trials may 
be much lower than what has been reported in oncology 
literature. Several recently completed trials of orthopaedic 
trauma patients reported refusal rates of less than 15%.12–14

A large, pragmatic trial comparing aspirin versus low 
molecular weight heparin to prevent blood clots in ortho-
paedic trauma patients presented an opportunity to assess 
systematic differences in the characteristics of patients 
that consented for the trial compared with the broader 
pool of eligible patients. The study aimed to assess 
systematic differences in the characteristics of patients 
that consented for the trial compared with the broader 
pool of eligible patients in a large, pragmatic orthopaedic 
trauma trial. The secondary objective of this study was to 
resolve if the patient’s reason for refusal was predictable 
based on these contributing factors. Based on the surgery 
and oncology literature,2 10 we hypothesised that patients 
of ethnic minorities, of lower socioeconomic status, and 
elderly patients would be more likely to refuse participa-
tion in the clinical trial.

MeThODS
Study design
In this retrospective cohort study, we used a latent class 
analysis to identify patient factors predictive of trial 
participation. Latent class analysis can be used to identify 
unobserved groups, or clusters, in a dataset, which can be 
described based on observed parameters.15 The PREVEN-
Tion of CLots in Orthopaedic Trauma (PREVENT 
CLOT): A Randomised Pragmatic Trial Comparing the 
Complications and Safety of Blood Clot Prevention Medi-
cines Used in Orthopaedic Trauma Patients is a trial 
currently being conducted at 21 sites in the USA and 
Canada. This study linked 1 year of PREVENT CLOT 
screening data (April 2017–March 2018) from a single 
clinical site, a large academic trauma centre, with hospital 
records to extract demographic and injury characteristics 
on all eligible participants.

Study participants
Patients were eligible for inclusion in PREVENT CLOT if 
they: (1) were 18 years of age or older, (2) had a planned 

operative or non-operative pelvis or acetabular fracture, 
or any operative extremity fracture proximal to the meta-
tarsals or metacarpals, and (3) were at an increased risk 
of a blood clot from their orthopaedic injury and would 
receive a prophylactic blood thinner regimen per stan-
dard of care. Patients were excluded if they: (1) presented 
to the hospital more than 48 hours from injury, (2) had 
received more than two doses of venous thromboembo-
lism (VTE) prophylaxis, (3) were on long term blood 
thinners, (4) had a VTE within the last 6 months, (5) had 
an allergy to the study medications, (6) had an under-
lying chronic clotting disorder, (7) had end-stage renal 
disease, (8) were pregnant or lactating, (9) did not speak 
either English or Spanish, or (10) were a prisoner at the 
time of screening.

By virtue of the types of injuries studied, often resulting 
from high energy mechanisms such as motor vehicle 
crashes, high falls, and blast injuries, some eligible 
patients were unable to provide consent for the study 
due to associated traumatic brain injury or intubation 
status. Including these patients was integral to ensuring 
the generalisability of the research findings. However, 
in these situations, the research staff member sought 
consent from a legally authorised representative.

If the patient met the eligibility criteria, a member of 
the research staff would approach the eligible partici-
pants or their legally authorised representatives to discuss 
the study and request consent to participate. The research 
staff endeavoured to answer all questions posed by the 
eligible study participants and their caregivers to ensure 
an understanding of the protocol. After introducing the 
study and reviewing the consent form, the research staff 
member posed several questions to assess the partici-
pant’s (or representative’s) comprehension of the study, 
the responsibilities of participation, and alternatives to 
participation.

Primary outcome and included covariates
The primary outcome was the refusal to enrol in the 
PREVENT CLOT trial. Several covariates were consid-
ered as predictors of cluster membership in iterations 
of the latent class analysis. Participant age was catego-
rised as 40 years and under, 41–65 years, 66–80 years, 
and over 80 years of age. The race of study participants 
was distinguished as white, African-American, Asian, or a 
fourth ‘other’ category. We also included diabetic status, 
frequent alcohol use, hypertension, and smoking status 
(defined as a current smoker, former smoker, or never 
smoker). Health insurance was coded as employer-based 
insurance, Medicaid, Medicare and Tricare. The injuries 
were classified by upper versus lower extremity fractures, 
which included pelvis and acetabulum fractures. The 
number of fractures and the number of surgeries were also 
reported. Finally, socioeconomic status was determined 
by converting the patient’s ZIP +4 code of their home 
address in the hospital records to an Area Deprivation 
Index (ADI) value.16 ADI was developed by the Health 
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Table 1 Description of patient characteristics (n=642)

Characteristic N (%)
Refused 
(%)

Age, years

  <40 252 (39) 33

  41–65 254 (40) 30

  66–80 97 (15) 51

  >80 39 (6) 59

Sex

  Male 382 (60) 32

  Female 260 (40) 42

Race

  White 430 (67) 36

  African-American 186 (29) 33

  Asian 9 (1) 55

  Other 17 (3) 53

Smoking status

  Current 180 (28) 28

  Former 142 (22) 38

  Never 320 (50) 40

Hypertension 193 (30) 41

Alcohol use 335 (52) 31

Diabetes 75 (12) 36

Neighbourhood-based 
socioeconomic status (quintiles)

  1 (highest) 204 (32) 42

  2 205 (32) 38

  3 95 (15) 35

  4 68 (11) 24

  5 (lowest) 67 (11) 30

Type of health insurance

  Employer-based 452 (71) 35

  Medicare 122 (19) 46

  Medicaid 43 (7) 19

  Uninsured 21 (3) 40

  Tricare 4 (1) 50

Fracture location

  Upper extremity 398 (62) 37

  Lower extremity or pelvis/
acetabulum

244 (38) 35

Multiple fractures 81 (13) 22

Multiple surgeries 254 (40) 30

Resources and Services Administration and represents 
a geographic area-based measure of the socioeconomic 
status experienced by a neighbourhood as a composite 
score of 17 variables, including income disparity and 
percent of the population aged 25 and older with at least 
a high school diploma. For this study, ADI values were 
stratified into quintiles. Missing values for ADI (n=6) were 
imputed using multiple imputation.17 While not included 
in developing the latent classes, the patient’s reason for 
refusing to participate in the trial was recorded and used 
in the secondary analysis.

Statistical analysis
In the latent class analysis, a sequence of models, from 
one to 10 clusters, were indexed with various iterations 
of candidate covariates to determine the optimal model 
based on a minimum Bayesian Information Criterion 
(BIC).18 The conditional probability of cluster member-
ship for each included covariate was reported. We used 
χ2 tests to determine the association between cluster 
membership and the documented reason for the refusal 
to participate in the trial.

Sample size
While there is no formally agreed on sample size calcu-
lation for latent class analyses, several parameters influ-
ence the accuracy of the estimates. These parameters 
include the prevalence of the outcome, the number of 
items included in the analysis, the number of clusters to 
be fit, and the interclass distances between the clusters.19 
Based on simulation modelling by Tein et al and the prev-
alence of our outcome (36%),19 the study’s samples size 
of over 600 eligible study participants was estimated to 
provide 80% power for a model including five or fewer 
clusters, 15 or fewer predictor covariates, an interclass 
distances of Cohen’s d ≤0.8, and model selection based 
on a minimum BIC.

Patient and public involvement
The patient stakeholder advisory committee of the 
PREVENT CLOT trial includes trauma patients, care-
givers, members of patient advocacy organisations, clini-
cians, as well as payor representatives. The members of 
the advisory committee were involved in the interpreta-
tion of the findings, critical revision of the manuscript, 
and translating the conclusions into improved recruit-
ment practices for the trial.

ReSulTS
Of the 642 patients that were eligible for participation in 
the trial, 233 patients (36%) refused participation. The 
median age of the sample was 50 years (IQR: 31–63), and 
60% were male (table 1). Two-thirds of the sample was 
white, and 30% were African-American. Over half of the 
sample reported regular alcohol use (n=335), 30% were 
hypertensive, 28% were current smokers, and 12% were 
diabetic. Seventy-one per cent of the eligible participants 

had employer-based insurance, and one-third lived in a 
top socioeconomic quartile neighbourhood, based on 
the ADI.

Based on a minimum BIC, the final model identified 
three clusters with five covariates predictive of cluster 
membership (table 2). The predictors included age, 
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Table 2 Probability of membership to one of three 
identified clusters

Cluster 1 Cluster 2 Cluster 3
Total 
(%)

Probability 
of refusing 
participation

22% 38% 62% 36

N 176 382 84

Characteristic

Age

  >80 1% 16% 12% 6

  66–80 5% 5% 37% 15

  41–65 46% 42% 28% 40

  <40 48% 36% 24% 39

Socioeconomic status (quintile)

  1 (highest) 32% 2% 42% 32

  2 31% 6% 43% 32

  3 13% 49% 6% 15

  4 11% 25% 5% 11

  5 (lowest) 14% 17% 4% 11

Alcohol use 71% 3% 36% 52

Multifracture 20% 8% 0% 13

Multiple surgeries 47% 35% 28% 40

Table 3 Reasons for refusing to participate in the trial by cluster membership (n=106)

Refusal reason Overall (%) Cluster 1 (%) Cluster 2 (%) Cluster 3 (%) P value

Lack of interest 35 35 35 35 0.99

Treatment preference 21 26 12 21 0.52

Caregiver resistance 13 19 12 10 0.48

Preferred surgeon to select 8 0 12 12 0.13

Fear of research 8 10 6 9 0.90

Overwhelmed 8 10 6 9 0.90

Fear of side effects 3 0 18 0 <0.01

LAR refused 3 3 12 0 0.04

In other studies 2 0 0 3 0.43

Follow-up burden 1 0 0 2 0.66

LAR, legally authorised representative.

neighbourhood-based socioeconomic status, alcohol use, 
multifracture injuries, and having multiple surgeries. The 
three clusters were associated with 22% (Cluster 1), 38% 
(Cluster 2%) and 62% (Cluster 3) refusal rates, respec-
tively. Members of Cluster 3 (n=84), who were most likely 
to refuse participation in the study, were most commonly 
between 66 and 80 years of age, of high socioeconomic 
status (first or second quintile), with isolated fractures, 
and were less likely to have multiple surgeries compared 
with the other clusters. Members of Cluster 2 (n=382) 
had the highest probability of being in the lower third or 
fourth neighbourhood-based socioeconomic quintile and 

had a low likelihood of alcohol use. Members of Cluster 
1 (n=176) had a high probability of alcohol use, multiple 
fractures and multiple surgeries.

When refusing to participate in the trial, over half 
(55%) of the eligible participants did not provide a reason 
for their refusal (table 3). Thirty-five per cent of eligible 
participants that refused participation expressed a lack of 
interest in research, while 21% stated a treatment pref-
erence. Members of Cluster 2 were most likely to refuse 
participation due to a fear of medication side effects 
(p<0.01) or have their legally authorised representative 
refuse participation (p=0.04). Refusal due to a preference 
for the treating surgeon to select their treatment was only 
reported by members of Clusters 2 and 3 (p=0.16).

DISCuSSIOn
In this study, we identified three clusters of eligible trial 
participants, and their likelihood of refusing to participate 
in the trial, based on observed characteristics. The cluster 
of eligible study participants most likely to refuse partic-
ipation in the trial had members that were commonly 
between 66 and 80 years of age, of higher neighbour-
hood-based socioeconomic status, and sustained less 
severe injuries. The cluster of eligible study participants 
most likely to consent for the trial were more likely to 
have multiple fractures and multiple surgeries. In the 
majority of the refusals, eligible participants would not 
provide a reason for their refusal or expressed a general 
lack of interest in research. However, patient preferences 
for a treatment arm and lack of interest in participation 
was consistent with reasons for refusal reported in the 
surgical literature.10

The overall rate of refusal of 36% was much lower than 
what has been reported in the oncology literature,6–8 
but higher than the refusal rates observed in previous 
surgery or orthopaedic research,4 9 and nearly double the 
rates of recent large orthopaedic trauma trials.12–14 The 
previous surgery, orthopaedic, and orthopaedic trauma 
trials compared interventions specific to the surgical 
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procedure.4 9 12–14 By contrast, the PREVENT CLOT trial 
compares prophylactic regimens for prevention of a post-
operative complication. Several factors may have led to 
the higher refusal rates in PREVENT CLOT compared 
with the other large orthopaedic trauma trials. The 
PREVENT CLOT trial compares low molecular weight 
heparin to aspirin for the prevention of blood clots. In 
the first few days after a fracture, trauma patients likely 
place great importance on their surgical treatment and 
direct less attention towards preventing a postoperative 
complication. Patients may also believe they have more 
control over preventing a postoperative complication 
than the nuances of their surgical treatment, and there-
fore, less likely to leave the prophylactic regimen to 
chance. Trauma patients, particularly older patients, also 
likely have some familiarity with aspirin and may have a 
preference for or against that medication which influ-
ences their trial participation decision.

Reviews of clinical trials have found that racial minorities 
were reported to be less likely to participate in a clinical 
trial.6 20 By contrast, race was not selected as a predictive 
covariate in our latent class analysis. The study location 
was a public hospital located in a neighbourhood largely 
populated by people of a racial minority. The hospital 
and its affiliated university have made a concerted effort 
to integrate with the local community. The similarities in 
trial participation rates across patients of different races 
in this study may be a result of these community integra-
tion initiatives. Eligible participants that were between 
66 and 80 years of age, of higher neighbourhood-based 
socioeconomic status, and less severely injured, were 
the most likely to refuse participation. It is possible that 
wealthy patients may feel more empowered to refuse study 
participation. The correlation between increased patient 
age and the probability of refusing to participate in a clin-
ical trial has been previously reported.8 10 In PREVENT 
CLOT, the informed consent process is administered by 
research staff who, at this study site, were typically between 
20 and 35 years of age. The age gap between the enrolling 
research staff member and the eligible participant may 
negatively affect participation. In addition, less severely 
injured patients may also be less likely to participate in 
research if they perceive it will delay their discharge.

Members of Cluster 2 were unique in their refusals due 
to a fear of medication side effects. The higher propor-
tion of patients with a lower neighbourhood-based socio-
economic status in this cluster may align with lower 
health literacy levels, and is consistent with previous 
research.20 Side effects for low molecular weight heparin 
include bleeding and irritation from the injections. The 
side effects due to aspirin are arguably less frequent and 
more benign. As the VTE prophylaxis standard of care for 
orthopaedic trauma patients at this site was low molecular 
weight heparin, participating in the trial gives the partici-
pant a chance of receiving a prophylactic medication with 
a more limited side effect profile.

Members of Cluster 1 were the most likely to have 
multiple fractures and have multiple surgeries, suggesting 

they were the most severely injured. Eligible partici-
pants were excluded from PREVENT CLOT once they 
have received the third dose of a VTE prophylaxis. This 
restriction creates a time pressure to consent. For more 
severely injured patients, the time pressure often requires 
a patient’s caregiver to be involved in the decision to 
enrol. Many caregivers may be uncomfortable making the 
decision to enrol on behalf of the eligible participant and 
refuse to enrol in the trial on those grounds. Similarly, 
Cluster 3, and its more elderly members may also have 
a caregiver involved in study enrolment decision and, 
similar to Cluster 1, observed refusals by the caregiver.

With an awareness of these identified clusters, there 
are several modifications to the enrolment procedures 
that may reduce refusals in the future. Generally, patients 
are more likely to participate in research when they 
understand the study, believe that it is important, and 
feel connected to the information.21 For more elderly 
eligible participants, research staff may want to involve 
the treating surgeon in the consent process to reduce the 
generational gap. If a study participant expresses concern 
regarding medication side effects, it is essential to ensure 
that the participant is fully aware of both the benefits and 
harms associated with each medication. In circumstances 
where the caregiver must make the decision to partici-
pate, the consent process should be delayed as long as 
possible to enable to study participant to be an active 
participant in this decision.

For many clinical researchers, the decision of an 
eligible patient to participate in a trial that compares 
two approved, commonly used treatments and includes 
detailed follow-up assessments on the patient’s post-treat-
ment well-being represents a rational choice.22 Consul-
tation with the PREVENT CLOT patient stakeholders 
in the interpretation of these data highlights an alterna-
tive viewpoint. In the days following a traumatic injury, 
admitted patients must cope with pain, fatigue, anger, 
hunger and distress. This is a time of immense personal 
vulnerability. Refusing to participate in a trial may be 
influenced by that vulnerability, as well as the patient’s 
perceived empowerment, experience and perspective. 
Members of Cluster 3 had relatively less severe injuries 
and therefore, may experience less vulnerability—conse-
quently feeling more empowered to refuse trial partici-
pation. Cluster 3 members were also more likely to be of 
higher neighbourhood-based socioeconomic status and 
presumably less economically vulnerable. Participating in 
a study may be perceived as a pathway to expensive care a 
patient may otherwise not be able to afford. In addition, 
older patients, such as many members of Cluster 3, likely 
have more experience with the healthcare system than 
younger patients. More experienced patients are more 
aware of how arduous medical recovery can be and have 
greater familiarity with medication side effects. This accu-
mulation of challenging medical experiences can cause 
an informed shift in a patient’s reference for recovery, 
and thus discourage any encumbrance to recovery, 
such as participating in a trial. This is an area for future 
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exploration in the trauma population through the devel-
opment of studies of consent processes nested in enrol-
ment into the main study.

These insights into trial participation must be inter-
preted within the limitations of the study design. While 
the PREVENT CLOT trial enrols participants at 21 
sites, due to limitations in data access and the resources 
required to extract data on patients that refused partici-
pation in the trial, this study only included data from a 
single centre. Furthermore, there may be characteristics 
of the treatments and design of PREVENT CLOT that 
limits the generalisability of the study findings to ortho-
paedic trauma trials. In this study, socioeconomic status 
was calculated using the neighbourhood-based ADI. 
The ADI is a well-established US census-based measure 
that provides a composite view of socioeconomic disad-
vantage.23–25 However, the socioeconomic status of the 
individual patient may not be consistent with the socio-
economic disadvantage of their neighbourhood. When 
refusing to participate in the trial, over half of the eligible 
participants failed to provide a reason for this refusal, a 
finding that is consistent with the general surgical litera-
ture.10 This lack of information on the reason for refusal 
limited our statistical power to detect differences in the 
reasons for trial refusal based on cluster membership.

Overall, the refusal rate for the PREVENT CLOT trial 
at this site was 36%. Of the three identified clusters, 
refusal rates ranged from 22% to 62%. Only five of the 
12 candidate covariates were found to be predictive of 
cluster membership based on the best model fit. These 
findings suggest that there are limited systematic differ-
ences between patients that enrol versus decline to partic-
ipate in the PREVENT CLOT trial, at this site. While 
these findings are promising for the generalisability 
of PREVENT CLOT, they also provide valuable insight 
towards enhancing the consent experience for eligible 
patients. Furthermore, the results will inform the design 
of the recruitment process in future studies.
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