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Abstract

Objective: Clinical trials, which are mainly conducted in urban medical centers, may be less
accessible to rural residents. Our aims were to assess participation and the factors associated
with participation of rural residents in clinical trials.Methods: Using geocoding, the residential
address of participants enrolled into clinical trials at Mayo Clinic locations in Arizona, Florida,
and the Midwest between January 1, 2016, and December 31, 2017, was categorized as urban or
rural. The distance travelled by participants and trial characteristics was compared between
urban and rural participants. Ordinal logistic regression analyses were used to evaluate whether
study location and risks were associated with rural participation in trials. Results: Among 292
trials, including 136 (47%) cancer trials, there were 2313 participants. Of these, 731 (32%) were
rural participants, which is greater than the rural population in these 9 states (19%, P < 0.001).
Compared to urban participants, rural participants were older (65 ± 12 years vs 64 ± 12 years,
P= 0.004) and travelled further to the medical center (103 ± 104 vs 68 ± 88 miles, P < 0.001).
The proportion of urban and rural participants who were remunerated was comparable. In the
multivariable analysis, the proportion of rural participants was lower (P < 0.001) in Arizona
(10%) and Florida (18%) than the Midwest (38%) but not significantly associated with the
study-related risks. Conclusions: Approximately one in three clinical trial participants were
rural residents versus one in five in the population. Rural residents travelled further to access
clinical trials. The study-associated risks were not associated with the distribution of rural and
urban participants in trials.

Background

Rural residents, who comprise approximately 19% of the US population, are prone to health
disparities [1, 2]. At birth, they have a shorter life expectancy than urban residents [3].
About 70% of the gap between urban and rural life expectancy, which has increased over
time, is accounted for by heart disease, unintentional injuries, cerebrovascular disease,
chronic obstructive pulmonary disease, and lung cancer, which in turn, may partly reflect
differences in behavioral and health care factors, including higher smoking and obesity rates
and lower access to health care [3]. For example, from 2011 to 2015, the age-adjusted rate of
cancer deaths per 100,000 individuals was 180.4 in rural areas but 157.8 in large metropoli-
tan areas, which may be partly explained by reduced access to health care or financial resour-
ces for rural individuals [4]. Whether this geographic disparity is explained by limited access
to a broad range of health care resources, such as quality care or access to clinical trials, is
unclear.

Especially beneficial for patients with complex conditions, clinical trials provide access to
potentially effective options before they are approved for routine use [5]. Centers that offer
trials may also have better outcomes because they are more likely to have multidisciplinary
teams that provide state-of-the-art management. It is suggested that rural participants have
limited access to clinical trials, which are predominantly conducted at urbanmedical centers
[6–9]. Indeed, the 174,503 clinical trial sites in the US Food and Drug Administration (FDA)
Bioresearch Monitoring System between 2002 and 2007 were highly clustered around urban
areas with health care and/or social service facilities [7]. However, to our knowledge, few
studies have systematically evaluated the distribution of urban and rural residents among
patients who participate in trials. Among 36,995 cancer patients from all 50 states enrolled
in phase 3 and 2/3 trials in the Southwestern Oncology Group, 19.4% of patients were rural
residents; rural and urban patients had comparable outcomes [10]. This proportion (19.4%) is
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comparable to the corresponding proportion in the US rural
population [2], which suggests that contrary to the impression
[6–9], urban and rural patients have comparable participation
rates in clinical trials supported by the National Cancer
Institute, which incorporate community outreach programs.
However, that analysis was limited to patients with cancer.
Because the rural population (%) varies from 0% in the
District of Columbia to 50.65% in Mississippi, the proportion
of rural patients in trials and the population should be compared
state wise. Other factors, such as the study risks, travel burden,
and financial benefits that influence the willingness to participate
in trials, also need to be considered [11]. For example, among
elderly people from an underserved population, financial
compensation and transportation were the primary concerns
about participation in research, respectively, in urban and rural
groups [12].

To address these questions, the aims of this study were to 1)
compare the proportion of rural and urban people who partici-
pate in clinical trials at an academic medical center with three
geographically diverse practice sites, which deliver health care
to both urban and rural populations; 2) compare the proportion
of rural residents in clinical trials with the corresponding pro-
portions in the overall population and our overall practice; and
3) assess whether participant age, sex, and selected factors that
are associated with the willingness to participate in trials (e.g.,
study risks, remuneration, and travel burden) influence the par-
ticipation of rural versus urban participants. These are impor-
tant questions because lower rates of participation among rural
residents and other minorities affect the generalizability of trial
results [13]. Indeed, the National Institutes of Health have
emphasized the need to include special populations, including
rural participants, in clinical trials [9].

Materials and Methods

Experimental Design

This project was approved by the Mayo Clinic Institutional
Review Board (IRB). We identified participants enrolled in 292
industry-sponsored clinical trials activated between January 1,
2016, and December 31, 2017, at three Mayo Clinic campuses
– Arizona, Florida, and the Midwest. The Midwest includes
Mayo Clinic in Rochester, Minnesota, and the Mayo Clinic
Health System locations in Minnesota, Wisconsin, and Iowa.
As of March 15, 2019, 2874 participants had been enrolled into
these trials and of these, 456 (16%) participants were excluded for
1 or more reasons:

1. Twenty-one participants did not have a medical record number
and 1 participant did not provide an address.

2. One hundred and nineteen patients had participated in two or
more studies. In these patients, only the first study was consid-
ered for data analysis.

3. To reduce the risk that the data were skewed, 315 participants
who were residents of countries outside the USA or states
(e., Alabama, Arkansas, California) that are outside the primary
catchment area for anyMayo Clinic location (please see below),
and 32 participants who reside in a state that is outside the pri-
mary catchment area for the specificMayo Clinic location were
excluded from analysis.

Of the remaining 2386 participants, residential geocoding,
which was based on the longitude and latitude of the residential
address, was possible in 2313 participants [14]. For Mayo Clinic
in the Midwest, the catchment area for trial participants included
Minnesota, Iowa, Illinois, Wisconsin, North Dakota, or South
Dakota. For Mayo Clinic in Florida, the corresponding catchment
area was Florida and Georgia. At Mayo Clinic in Arizona, the
catchment area was Arizona. The residential address was catego-
rized as urban or rural based on the census definition [2].
Urbanized areas of 50,000 or more people and urban clusters of
at least 2500 and less than 50,000 people were considered urban
while rural encompasses all population, housing, and territory
not included within an urban area. The approximate distance
between the residential address and the medical center was
expressed as airline miles. To account for the shorter distance
between lines of longitude and the latitude in Mayo Clinic in
the Midwest, the estimated miles were calculated by assuming a
relationship of 60 miles per degree of longitude at Mayo Clinic
in Florida and in Arizona and 55 miles per degree at Mayo
Clinic in Rochester and the Mayo Clinic Health System at La
Crosse, Wisconsin.

Data Analysis

The characteristics of these studies was extracted from the Mayo
Clinic IRB and PTrax (Clinical Trial Participant Tracking system,
Mayo Clinic) databases [15]. The risks associated with studies were
extracted from the IRB database and categorized as follows: 1) blood
draws, 2) use of drugs or biologic agents; 3) use of drugs or biological
agents requiring US FDA review; 4) use of medical or educational
records; 5) ionizing radiation; 6) any invasive procedures; 7) use
of medical devices; 8) use of medical devices that require FDA
review; 9) use of recombinant DNA or human gene transfer; 10)
infectious agents; and 11) human stem cells, embryos, or their deriv-
atives. The remuneration to study participants was categorized as
fixed (e.g., per study visit), expense-based (e.g., based on miles trav-
elled and/or expenses for boarding and lodging), or both. There are
different classifications for urban versus rural areas. Some, such as by
Rural-Urban Commuting Area (RUCA), are partly defined by the
proportion of the population that commutes to a metropolitan loca-
tion [16]. Because the distance commuted is an endpoint of this
study, we used the United States Census data from 2010 to deter-
mine the urban and rural composition. This system is based on pop-
ulation size, land use, and the distance between a location and the
nearest urban area but does not, by contrast to RUCA, incorporate
the proportion of the population that commutes to urban area(s)
[17]. The proportion of all Mayo Clinic patients (Midwest,
Florida, and Arizona) who were rural residents was estimated in
a random sample of 10% of all Mayo Clinic patients (i.e., those
who had a primary care provider at Mayo Clinic) in 2017.

Statistical Analysis

Continuous variables were compared using the Wilcoxon rank
sum or Kruskal–Wallis test as appropriate. Categorical data were
analyzed with the χ2 test. The proportion of rural residents in the
population of these states was compared with the proportion of
rural participants in trials and separately with the proportion of
rural Mayo Clinic patients using the 1-sample binomial test; for
the purpose of analysis, this was regarded as fixed and known.
Ordinal logistic regression was used to predict whether the risks
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associated with studies predicted the proportion of rural partici-
pants in each trial (dependent variable) [18, 19]. Among studies,
the proportion of rural residents varied considerably, from 0%
to 100%. Ordinal regression models are an extension of binary
logistic regression models. By contrast to the latter, ordinal models
are semi-parametric models in which the dependent variable and
predictor variables are respectively treated nonparametrically and
parametrically. The dependent variable (i.e., proportion of rural
residents) is considered as a rank variable, which allows the para-
metric function for the log(odds) (of being at a higher versus lower
value) to be estimated. The models only evaluated risks that were
each associated with studies that enrolled more than 100 partici-
pants. There were eight models corresponding to the individual
risks (i.e., blood draws, drugs or biologic agents, drugs or biologic
agents that require FDA review, medical or educational records,
ionizing radiation, any invasive procedures, medical devices, and
medical devices that require FDA review) and another model
included all risks. Each model was adjusted for the proportion
of participants in Arizona and Florida (Midwest acting as refer-
ence), to account for differences in proportion of urban versus
rural residents at the three locations. All values have been
expressed as mean ± SD unless stated otherwise. The statistical
analyses were performed with JMP Pro, version 14.0.0. (SAS
Institute Inc).

Results

Characteristics of Trials

Of the 292 trials, 212 (73%), 90 (31%), and 77 (26%) were con-
ducted at Mayo Clinic locations in the Midwest, Arizona, and
Florida, respectively (Table 1). A majority (i.e., 253 trials [87%])
were conducted as a single-site study. The remainder were con-
ducted at two or three Mayo Clinic sites. Of the 292 trials, 285
(98%) posed greater than a minimal risk to participants
(Table 1) and 136 (47%) were cancer trials. The most frequent risks
associated with these trials include blood draws 265 (91%), use of
drugs or biological agents 250 (86%), and use of medical or educa-
tional materials 209 (72%). Compared to rural participants, urban
participants were more likely to participate in trials that were
evaluating medical devices which required FDA review (74
[59%] vs 51 [41%]; P = 0.02) or ionizing radiation (672 [71%]
vs 277 [29%]; P = 0.04). Two hundred and twenty trials (76%)
offered to reimburse expenses and/or remunerate participants.
The remuneration was a fixed, typically, per-visit (106 trials
[36%]), expense-based (88 trials [30%]), or both (26 trials [9%]).

Rural or Urban Residential Status

The residential addresses were geocoded and categorized as urban
or rural in 2313 of 2386 (97%) trial participants; this proportion
ranged from 37 of 42 (88%) for participants from South Dakota
to 1130 of 1155 (98%) for participants from Minnesota
(Table 2). Based on geography (US Census 2010), 96% of the 9
states overall are considered as a rural area while only 731
(32%) participants resided in a rural area (Table 3). This propor-
tion ranged from 26 of 266 (10%) in Arizona to 96 of 157 (61%) in
Wisconsin (Table 3). The proportion of rural clinical trial partic-
ipants was different across the Mayo Clinic locations, being greater
(P< 0.001) in the Midwest (634 of 1663 participants; 38%) com-
pared to Arizona (26 of 266 participants; 10%) and Florida (71 of
384 participants; 18%) (Table 1; Figs. 1 and 2).

Demographic Features

Trial participants at Mayo Clinic in Florida were older (66 ± 11
years) than participants in Arizona (64 ± 11 years) and the
Midwest (64 ± 12 years) (P< 0.001). The proportion of women
was also different (P< 0.001) among sites, being lower in
Florida (156 of 384 participants; 41%) than in Arizona (145 of
266; 54%) and the Midwest (826 of 1663; 50%).

Across all sites, rural participants were older than urban trial
participants (65 ± 12 years vs 64 ± 12 years; P = 0.004). These
differences were most pronounced in the Midwest, where rural
and urban participants were aged 65 ± 12 years and 63 ± 12 years,
respectively (P< 0.001). By contrast, the age of rural and urban
participants was comparable in Arizona and Florida (P = 0.3
and P = 0.6, respectively). Overall, 1182 (51%) participants were
aged 65 and older and 163 (7%) participants were aged 80 years
and older (Fig. 2). In the Midwest, 322 (51%) of rural versus
445 (43%) of urban participants were aged 65 years or older
(P = 0.002); 65 (10%) of rural and 68 (7%) of urban participants
were aged 80 years or older (P = 0.008). However, at Mayo Clinic
locations in Arizona and Florida, these proportions were not dif-
ferent between urban and rural participants.

Compared to the 7 minimal risk trials, the participants in the
285 greater than minimal risk trials were older (65 ± 12 years vs
63 ± 9 years; P < 0.001). However, the proportion of women was
not different (P= 0.1) betweenminimal and greater thanminimal
risk trials. The proportion of rural and urban trial participants
who were remunerated for participating in a trial was not
different (P = 0.2). The proportion of rural participants in
cancer and noncancer trials was comparable (30 ± 28% and
28 ± 30%; P = 0.2).

Comparison of Residential Status in Trial Participants vs
Mayo Clinic Patients and United States Census Data

Based on the population size and density, 11,039,118 (19%) people
of the population in these 9 states resided in a rural area (Table 3).
Compared to the proportion of rural residents in these 9 states, a
greater proportion of Mayo Clinic patients were rural residents
(36% vs 19%; P< 0.001) (Table 3). Similar differences were
observed for all states except for patients from Arizona, North
Dakota, and South Dakota.

The proportion of rural trial participants was greater than the
rural population in these 9 states (32% vs 19%; P< 0.001) (Table 3).
Similar differences were observed for all states except Arizona and
North Dakota. Overall, the proportions of rural clinical trial par-
ticipants and rural Mayo Clinic patients were 32% and 36%,
respectively. These differences varied among states. Compared
to the proportion of rural Mayo Clinic patients, the proportion
of rural clinical trial participants was lower (P< 0.05) in
Minnesota (33 vs 37%) and Iowa (45 versus 58%), greater
(P< 0.01) in Wisconsin (61 vs 50%), and comparable in
Arizona, Florida, Georgia, Illinois, North Dakota, and South
Dakota.

Distance Travelled by Urban versus Rural Clinical Trial
Participants

Rural participants travelled further than urban participants overall
(103 ± 104 vs 68 ± 88 miles; P< 0.001) (Table 4; Fig. 3) and at each
site (i.e., Arizona, Florida, and Midwest).
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Relationships Between Proportion of Rural Participants, Risks
of Studies, and Residential Status

All the models in Table 5 were adjusted for proportion of partic-
ipants in study location (Midwest acting as reference). The risks

were considered individually in models 1–8 and concurrently in
model 9.

Compared to the Midwest, the proportion of rural participants
in clinical trials was lower in Arizona and Florida (estimate [stan-
dard error] = −2 [0.3], and −1 [0.3]; P< 0.001) (models 1–9,

Table 1. Study characteristics

Feature Trials, no. (%) Participants, no.
Urban participants,

no. (%)
Rural participants,

no. (%) P valuea

Location

Arizona 90 (31) 266 240 (90) 26 (10) <0.0001

Florida 77 (26) 384 313 (81) 71 (18)

Midwest 212 (73) 1663 1029 (62) 634 (38)

Type of study risk(s)

Minimal risk 7 (2) 285 191 (67) 94 (33) 0.6

Greater than minimal risk 285 (98) 2028 1391 (69) 637 (31)

Study risks

Blood draws 265 (91) 1779 1222 (69) 557 (31) 0.6

Use of drugs or biological agents 250 (86) 1576 1091 (69) 485 (31) 0.2

Use of drugs or biological agents requiring FDA review 43 (15) 269 182 (68) 87 (32) 0.8

Use of medical or educational records 209 (72) 1676 1144 (68) 532 (32) 0.8

Use of ionizing radiation 152 (52) 949 672 (71) 277 (29) 0.04

Any invasive procedure(s) 145 (50) 1029 715 (69) 314 (31) 0.3

Use of medical devices 55 (20) 735 483 (66) 252 (34) 0.06

Use of medical devices that require FDA review 16 (5.5) 125 74 (59) 51 (41) 0.02

Use of recombinant DNA or human gene transfer 3 (1) 13 8 (62) 5 (38) 0.6

Infectious agents 2 (0.7) 4 2 (50) 2 (50) 0.4

Human stem cells, human embryos, or their derivatives 1 (0.3) 1 1 (100) 0 (0) 0.5

Remuneration 221 (76) 1518 1052 (69) 466 (31) 0.2

FDA, US Food and Drug Administration.
aχ2 test comparing the proportion of rural versus urban clinical trial participants by location, type of study risk(s), study risks, and remuneration.

Table 2. Residential status of clinical trial participants at Mayo Clinics in Arizona, Florida, and Midwest

State (participant’s residential
address)

Total,
no.

Non-geocoded,
no.

Geocoded,
no.

Geocoding,
%

Urban areaa,
no.

Urban clusterb,
no.

Rural,
no.

Rural,
%

Arizonac 275 9 266 97 229 11 26 10

Florida 356 12 344 97 271 17 56 16

Georgiad 46 6 40 87 17 8 15 38

Minnesotae 1155 25 1130 98 537 218 375 33

Iowae 235 6 229 97 64 62 103 45

Illinoise 75 2 73 97 43 8 22 30

Wisconsine 162 5 157 97 41 20 96 61

North Dakotae 40 3 37 93 15 5 17 46

South Dakotae 42 5 37 88 5 11 21 57

All 9 States 2386 73 2313 97 1222 360 731 32

aUrban area has a population of 50,000 or more.
bUrban cluster has a population of at least 2500 and less than 50,000.
cParticipants from Arizona only were enrolled in a clinical trial at Mayo Clinic in Arizona.
dParticipants from Georgia were enrolled in a clinical trial at Mayo Clinic in Florida.
eParticipants in these states were enrolled in a clinical trial at Mayo Clinic in the Midwest.
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Table 5, Fig. 1) but not significantly associated with study-
related risks.

Discussion

This study was assisted by geocoding and a unique application
(PTrax) that is used to consent participants and track their flow
through the trials at Mayo Clinic. In contrast to IRB progress
reports, which are typically updated annually, the PTrax system
tracks enrollment in real time. Among 2313 people who partici-
pated in 292 cancer and noncancer clinical trials at our institution,
rural participants, aged 65 years average, travelled further to reach
a medical facility. Despite that, approximately 1 in 3 trial partici-
pants were rural residents, which is greater than the corresponding
proportion (20%) in the population. The proportion of rural trial
participants (32%) was numerically comparable to the proportion
of all rural patients at our institution (36%), probably because
physicians in the clinical practice refer a majority of patients
who participate in clinical trials [20, 21]. Patients who are engaged
in a health system are also more likely to complete follow-up in a
clinical trial [22]. The study remuneration and risks did not affect
the ratio of rural:urban participants in trials.

Clinical trials are a robust source of scientific evidence that are
vital to discovering new options for the diagnosis and treatment of
disease. It has been suggested that rural participants have limited
access to clinical trials as the majority of them are conducted in
urbanmedical centers [6–9]. Of the several definitions for the word
rural [8], this study used the United States Census Bureau defini-
tion for a rural area, that is, “any population, housing, or territory
not in an urban area” [2]. Urbanized areas have a population of
50,000 or more, while urban clusters have a population of at least
2500 and less than 50,000 [2]. According to this relatively
broad definition, all three primary Mayo Clinic locations, includ-
ing Rochester, Minnesota, are located in an urban area. However,

residents in the surrounding rural communities have access
to—and receive their primary care—at an urban Mayo Clinic
location.

Participation in trials is characterized by three stages or transi-
tions: trial availability, patient interest, and patients consented
[23]. An analysis of 7735 clinical trials observed that between
1991 and 2001, the proportion of academic clinical sites in clinical
trials decreased steadily from70%ofUS sites in 1991 to 35% in 2001;
while the number of academic clinical sites was static, the number of
non-academic sites increased considerably [24]. Most academic
medical centers are located in urban areas, and arguably less acces-
sible to rural residents [7]. Indeed, of the 50 topNational Institutes of
Health-funded research centers in 2020 [25], 49 are located in urban
areas according to the United States Census Bureau; only 7 are
located in counties where the rural population is 10% or greater.
The latter group includes the University of Wisconsin at
Madison, Wisconsin (12%), University of Michigan at Ann
Arbor, Michigan (16%), Mayo Clinic Rochester, Minnesota
(16%), University of Massachusetts Medical School, Worcester,
Massachusetts (18%), University of Iowa, Iowa City, Iowa (18%),
University of North Carolina at Chapel Hill, Chapel Hill, North
Carolina (28%), and University of Virginia, Charlottesville,
Virginia (45%). In this study, rural residents participated in trials
even though, on average, they travelled 35 miles further than urban
participants to reach aMayo Clinic facility. Similarly, rural residents
travel about 8 miles further than urban residents to access health
care in the USA [26]. Four times as many rural than urban residents
travel 30 miles or further to access health care [26]. The time com-
mitment and inconvenience of participation in clinical trials are
greater for rural than urban residents [11], especially when trials
include multiple in-person follow-up visits. Indeed, among elderly
people in an underserved population, the primary concerns about
participation in research related to financial compensation and
transportation in urban and rural groups [12].

Table 3. Rural/Urban status: comparison of clinical trial participants at Mayo Clinic with US population

State
(participant’s
residential
address)

Proportion of rural area or population
(US Census 2010) Proportion of

rural residents
among Mayo
Clinic adult

patients, no.; %

Proportion of rural
residents among

clinical trial partici-
pants at Mayo

Clinic
2016–2017, no.; % P valuea P valueb P valuec

Geography,
%

Population size and
density, no.; %

Arizonad 98 651,358 (6,392,017); 10 899 (9467); 10 26 (266); 10 0.9 0.5 0.9

Florida 86 1,661,466 (18,801,310); 8 1478 (9558); 15 56 (344); 16 <0.0001 <0.0001 0.7

Georgiae 92 2,415,502 (9,687,653); 25 432 (1027); 42 15 (40); 38 <0.0001 0.03 0.6

Minnesotaf 98 1,417,614 (5,303,925); 27 14,567 (39,760); 37 375 (1130); 33 <0.0001 <0.0001 0.02

Iowaf 98 1,096,099 (3,046,355); 36 2551 (4412); 58 103 (229); 45 <0.0001 0.002 0.0001

Illinoisf 93 1,477,079 (12,830,632); 12 415 (1699); 24 22 (73); 30 <0.0001 <0.0001 0.3

Wisconsinf 97 1,697,348 (5,686,986); 30 10,284 (20,617); 50 96 (157); 61 <0.0001 <0.0001 0.005

North Dakotaf 99 269,719 (672,591); 40 362 (870); 42 17 (37); 46 0.1 0.2 0.6

South Dakotaf 99 352,933 (814,180); 43 286 (637); 45 21 (37); 57 0.1 0.03 0.1

All 9 States 96 11,039,118 (63,235,649); 19 31,274 (88,047); 36 731 (2313); 32 <0.0001 <0.0001 NA

aOne sample binomial test comparing proportion of rural population (US Census 2010) and proportion of Mayo Clinic adult patients.
bOne sample binomial test comparing proportion of rural population (US Census 2010) and proportion of rural clinical trial participants.
cχ2 test comparing proportion of Mayo Clinic adult patients and proportion of rural clinical trial participants.
dParticipants from Arizona only were enrolled in a clinical trial at Mayo Clinic in Arizona.
eParticipants from Georgia were enrolled in a clinical trial at Mayo Clinic in Florida.
fParticipants in these states were enrolled in a clinical trial at Mayo Clinic in the Midwest.
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Fig. 1. Distribution of the residential address of trial participants. These participants resided in nine states (Minnesota, Wisconsin, Illinois, Iowa, North Dakota, South Dakota,
Florida, Georgia, and Arizona). (Source: ArcMap 10.7, ESRI).
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Fig. 2. Characteristics of urban and rural participants and study risks. Panel A. Proportion of rural (gray) and urban (black) trial participants (left) at the three Mayo Clinic sites,
(middle) among women andmen, and (right) among the elderly. Panel B. Distribution of rural and urban participants among trials associated with specific risks. FDA, US Food and
Drug Administration.

Table 4. Distances travelled by trial participants at Mayo Clinic residing in urban and rural areas

Mayo Clinic
location All participants, no.

Urban
participants,
no. (%)a

Rural
participants,
no. (%)a

Distance travelled, miles

P valuec
All

participantsb
Urban

participants
Rural

participants

Arizona 266 240 (90) 26 (10) 29 ± 35 27 ± 33 50 ± 44 0.003

Florida 384 313 (82) 712 (18) 67 ± 76 65 ± 78 76 ± 63 0.002

Midwest 1663 1029 (62) 778 (38) 90 ± 102 79 ± 96 108 ± 108 <0.0001

Overall 2313 1582 (68) 731 (32) 79 ± 94 68 ± 88 103 ± 104 <0.0001

Values are mean ± SD unless stated otherwise.
aPercentages are row percentages.
bP< 0.0001; Kruskal–Wallis test comparing distance travelled by clinical trial participants by the 3 Mayo Clinic locations.
cWilcoxon rank sum test comparing the distance travelled by rural and urban participants at each Mayo Clinic location.
Seventy-three subjects whose addresses were not geocoded were excluded (e.g., PO BOX address).

Fig. 3. Distance in miles travelled by rural and urban participants to reach trial location. Mean distance and standard deviation represented by orange and blue lines, respec-
tively, in rural and urban participants.
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Table 5. Multivariable ordinal logistic regression models to predict proportion of rural clinical trial participantsa

Model
Participants
from Arizonab

Participants
from Floridab

Risk factors

Blood drawc

Drugs or bio-
logical
agentsc

Drugs or biological
agents requiring FDA
reviewc

Medical or edu-
cational
recordsc

Ionizing
radiationc

Any inva-
sive proce-
durec

Medical devi-
cesc

Medical devices
requiring FDA
reviewc

Model 1 −2 (0.3); <.0001 −1 (0.3); .0002 0.1 (0.4); .8 NA NA NA NA NA NA NA

Model 2 −2 (0.3); <.0001 −1 (0.3); .0003 NA −0.3 (0.3); .3 NA NA NA NA NA NA

Model 3 −2 (0.3); <.0001 −1 (0.3); .0003 NA NA 0.3 (0.3); .4 NA NA NA NA NA

Model 4 −2 (0.3); <.0001 −1 (0.3); .0003 NA NA NA 0.2 (0.2); .4 NA NA NA NA

Model 5 −2 (0.3); <.0001 −1 (0.3); .0003 NA NA NA NA −0.3 (0.2); .2 NA NA NA

Model 6 −2 (0.3); <.0001 −1 (0.3); .0002 NA NA NA NA NA 0.2 (0.2); .3 NA NA

Model 7 −2 (0.3); <.0001 −1 (0.3); .0002 NA NA NA NA NA NA 0.2 (0.3); .4 NA

Model 8 −2 (0.3); <.0001 −1 (0.3); .0002 NA NA NA NA NA NA NA 0.3 (0.4); .5

Model 9 −2 (0.3); <.0001 −1 (0.3); .0002 0.5 (0.5); .3 −0.5 (0.5); .3 0.3 (0.3); .3 0.08 (0.2); .8 −0.3 (0.2); .2 0.3 (0.2); .1 0.004 (0.4); .9 0.1 (0.5); .8

FDA, US Food and Drug Administration; NA, not applicable.
aValues are “parameter estimate (standard error); P value.” Models 1–8 are for individual risk factors; Model 9 includes all risk factors.
bReference group = participants at Mayo Clinic in the Midwest.
cRisk factors.
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In 2015, only 18% of people aged 65 or older were driving
motorized vehicles, perhaps owing to cognitive and physiological
decline [27, 28]. Conceivably, the need to travel a longer distance to
access a clinical trial might impose a greater burden in older people.
However, in this study, rural participants were slightly older than
urban participants (65 vs 64 years). The COVID-19 pandemic has
fostered the utilization of technology-enabled solutions such as
digital consent, virtual visits, and collection of data at home, often
with remote sensors, which obviate the need for on-site visits, and
may increase the access to clinical trials in the rural population in
the future [29–32].

In this study, 221 (76%) trials offered to reimburse expenses
and/or remunerate participants. Although financial bonus is wel-
comed by participants, it is not usually the only reason to partici-
pate [11]. Participants weigh risks and personal benefits of trials,
discuss their decisions with people they trust, and may also have a
genuine interest to contribute to progress in science [11]. The pro-
portion of urban participants was greater in trials that used ioniz-
ing radiation or medical devices that required FDA review.
However, these factors did not remain significant after adjusting
for location. This analysis did not evaluate the participants’ percep-
tion of study risks, which influences their willingness to participate
in a study [11]. Some interventions that are considered as risks
(e.g., ionizing radiation or blood draw) may be regarded favorably
by participants as a benefit of access to new or existing treatment
with readily available services, and a chance to learn more about
their condition [11].

Ultimately, lower rates of participation among rural residents
and other minorities affect the generalizability of trial results.
For instance, people of color often have a larger knowledge gap
regarding clinical trials [33] and were underrepresented in impor-
tant clinical trials that led to FDA oncology drug approvals [13].
This is a major problem given the large economic, educational, cul-
tural, and social disparities between rural and urban areas [8].
Indeed, rural residents tend to be less healthy and arguably need
greater access to trials than their urban counterparts [8]. Other fac-
tors that may hinder participation of rural patients in clinical trials
include low health literacy, inadequate information about trials or
understanding of the idea of clinical trials, negative perceptions
about trials, fear of participating in trials, and lack of confidence
in medical research [34–37]. Some of these factors also limit the
access of rural patients to clinical care (e.g., adjuvant chemotherapy
after colon cancer surgery) [38]. Besides these patient-related fac-
tors, rural physicians may be less aware, willing, or able to accrue
patients into trials [36]. Trial investigators at majormedical centers
seldom reach out to individuals in medically underserved com-
munities [39].

Limitations

Other factors that influence participation in clinical trials were not
assessed in this study. The socioeconomic status can be evaluated
with the Housing-based Socioeconomic Status index, which is
derived from the home address, and predicts self-rated health,
advanced care planning, nursing home utilization, and other indi-
ces [40, 41]. Cultural differences between patients and health care
providers, which can lead to miscommunication and mistrust and
reduce the willingness of rural residents to participate in clinical
trials, were also not assessed [42]. Selected chronic conditions
(e.g., hypertension, obesity, heart and cerebrovascular disease,
chronic obstructive pulmonary disease) are more common in rural
than urban residents [8]. Since these conditions are often exclusion

criteria in clinical trials, they may limit the enrollment of rural res-
idents in trials [33]. In assessing the relationship between partici-
pant remuneration and urban versus rural status, the remuneration
was categorized broadly rather than in granular detail (e.g., based
on the quantum of actual expense reimbursement). A more granu-
lar assessment might uncover significant association(s) between
reimbursement and participation. The approval process, funding,
and timeline for enrolling participants are less predictable for non-
industry supported than industry-supported clinical trials. Hence,
this study was limited to industry-supported clinical trials.

In this sample of patients from geographically distributedMayo
Clinic sites, approximately 1 in 3 clinical trial participants resided
in a rural area compared to 1 in 5 residents in the population. Rural
residents travelled further to access clinical trials. The study-asso-
ciated risks were not associated with the distribution of rural and
urban participants in trials.
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