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Abstract

Background: Web-based health behavior change programs can reach large groups of disparate
participants and thus they provide promise of becoming important public health tools. Data on
participant rurality can complement other demographic measures to deepen our understanding of
the success of these programs. Specifically, analysis of participant rurality can inform recruitment
and social marketing efforts, and facilitate the targeting and tailoring of program content. Rurality
analysis can also help evaluate the effectiveness of interventions across population groupings.

Methods: We describe how the RUCAs (Rural-Urban Commuting Area Codes) methodology can
be used to examine results from two Randomized Controlled Trials of Web-based tobacco
cessation programs: the ChewFree.com project for smokeless tobacco cessation and the Smokers'
Health Improvement Program (SHIP) project for smoking cessation.

Results: Using RUCAs methodology helped to highlight the extent to which both Web-based
interventions reached a substantial percentage of rural participants. The ChewFree program was
found to have more rural participation which is consistent with the greater prevalence of smokeless
tobacco use in rural settings as well as ChewFree's multifaceted recruitment program that
specifically targeted rural settings.

Conclusion: Researchers of Web-based health behavior change programs targeted to the US
should routinely include RUCAs as a part of analyzing participant demographics. Researchers in
other countries should examine rurality indices germane to their country.

Background

One of the strengths characterizing Web-based health
behavior change programs is the ability to reach partici-
pants based in disparate geographic locations. This is par-
ticularly important when a set of conditions obtains: (a)
when individuals in rural settings are found to have seri-
ous modifiable health behaviors; (b) when rural individ-
uals have more limited personal income to pay for
personal care and/or transportation to care; and (c) when

there are fewer per capita clinic-based health professionals
[1]. Although the rural use of the Internet still lags behind
usage levels observed for urban areas, Internet usage
nonetheless is increasing rapidly [2,3]. In fact, recent data
indicates that the adoption rate of broadband Internet
services in rural settings is now on parity with urban areas
[3]- These trends are encouraging and support using Web-
based delivered interventions as one viable approach to
reach underserved rural Americans [4]. When describing
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these interventions, it would be helpful to routinely
describe participant rurality in addition to other demo-
graphic characteristics. This data can inform recruitment
and social marketing efforts, and facilitate the targeting
and tailoring of program content.

Fortunately, there is a convenient, empirically-based
methodology called RUCAs (Rural-Urban Commuting
Area Codes) that can help US researchers accomplish this
goal. In this report, we examine the use of RUCAs in two
exemplar randomized controlled trials of Web-based
tobacco cessation programs: one for smokeless tobacco
cessation and the other for smoking cessation to better
understand the nature of the population of users for these
two intervention trials. We also provide examples of how
RUCAs can be used to better understand the reach of
behavior change programs delivered via the Internet.

Methods

Measuring rurality using RUCAs

There is no one universally agreed upon definition of
rurality [5,6]. In their presentation of a handful of differ-
ent taxonomies for rurality, Hart et al. [7] have recom-
mended use of a flexible, non-monolithic approach to the
measurement of rurality that seeks to capture those facets
of the urban:rural continuum most relevant to the topic
being considered. These researchers describe the develop-
ment work supported by the University of Washington
and the Economic Research Service (with additional fund-
ing through the federal Office of Rural Health Policy,
Health Resources and Services Administration) that
resulted in the development of the 33-category RUCA tax-
onomy that takes into account both the size of settlement
(census-tract data) and the functional relationships
between places (tract-level work-commuting data) [8,9].
In an effort to be more usable and comprehensive, RUCA
developers subsequently mapped census tract RUCAs
onto the US Postal Service ZIP code areas. [10,11] (see
Table 1).

Because ZIP codes offer a finer-grained unit of analysis
than counties, the ZIP code version of RUCAs is able to
differentiate between rural portions of metropolitan
counties and urban portions of non-metropolitan coun-
ties. RUCAs are now widely used for policy and research
purposes [12-15]. Interested researchers can obtain freely-
available downloadable copies of the ZIP code version of
RUCASs from the University of Washington Rural Health
Research Center [10] along with information about ways
that RUCAs categories can be aggregated to best facilitate
different rurality analyses [10]. One online document on
the website highlights the fact that because census-tract
data and tract-level work-commuting data change over
time — sometimes substantially - it is critical to use the
RUCA version that relates to the time when participant
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Table I: Detailed list of rural urban commuting areas codes

| Metropolitan area core: primary flow within an Urbanized
Area (UA)

1.0 No additional code

1.1 Secondary flow 30% through 49% to a larger UA
2 Metropolitan area high commuting: primary flow 30% or
more to a UA

2.0 No additional code

2.1 Secondary flow 30% through 49% to a larger UA
3 Metropolitan area low commuting: primary flow 10%
through 29% to a UA

3.0 No additional code
4 Large rural area core: primary flow within an Urban
Cluster (UC) of 10,000 through 49,999 (large UC)

4.0 No additional code

4.1 Secondary flow 30% through 49% to a UA

4.2 Secondary flow 10% through 29% to a UA
5 Large rural high commuting: primary flow 30% or more to
alarge UC

5.0 No additional code

5.1 Secondary flow 30% through 49% to a UA

5.2 Secondary flow 10% through 29% to a UA
6 Large rural low commuting: primary flow 10% through 29%
to a large UC

6.0 No additional code

6.1 Secondary flow 10% through 29% to a UA
7 Small rural town core: primary flow within an Urban
Cluster (UC) of 2,500 through 9,999 (small UC)

7.0 No additional code

7.1 Secondary flow 30% through 49% to a UA

7.2 Secondary flow 30% through 49% to a large UC

7.3 Secondary flow 10% through 29% to a UA

7.4 Secondary flow 10% through 29% to a large UC
8 Small rural town high commuting: primary flow 30% or
more to a small UC

8.0 No additional code

8.1 Secondary flow 30% through 49% to a UA

8.2 Secondary flow 30% through 49% to a large UC

8.3 Secondary flow 10% through 29% to a UA

8.4 Secondary flow 10% through 29% to a large UC
9 Small rural town low commuting: primary flow 10%
through 29% to a small UC

9.0 No additional code

9.1 Secondary flow 10% through 29% to a UA

9.2 Secondary flow 10% through 29% to a large UC
10 Isolated small rural areas: primary flow to a tract outside
a UA or UC (including self)

10.0 No additional code

10.1 Secondary flow 30% through 49% to a UA

10.2 Secondary flow 30% through 49% to a large UC

10.3 Secondary flow 30% through 49% to a small UC

10.4 Secondary flow 0% through 29% to a UA

10.5 Secondary flow 10% through 29% to a large UC

10.6 Secondary flow 10% through 29% to a small UC

ZIP code data was collected and program participation
occurred [10]. For example, RUCA version 1.11 is based
on commuting patterns for 1990 and the 1998 ZIP code
year whereas RUCA version 2.0 is based on commuting
patterns for 2000 and the 2004 ZIP code year. The 2006
version of RUCA ZIP code data have recently been
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released for downloading on the University of Washing-
ton website [10].

RUCA aggregation

We used a common aggregation of RUCA codes that
describes locations as one of four types: urban, large rural/
town, small rural/town, and isolated small rural/town
(see Table 2). Using these groupings, the 2004 US popu-
lation estimates show that the population is distributed as
follows: 81.0% urban, 9.6% large rural, 5.2% small rural,
and 4.2% isolated small rural [10]. The three rural group-
ings can be combined into an aggregate rural group to
yield the useful dichotomous description of locations as
being either urban or rural. Alternative aggregations of
RUCAs could also be considered to more narrowly define
groups. For instance, only the 10.0 RUCAs codes could be
used to define what might be called "very isolated and
small" or the RUCAs could be used in combination with
information on paved road travel time to the nearest city
[10] to define what might be termed "isolated and remote
small" (RUCAs codes 10.0 and 10.2-10.6 which describe
60 minutes or greater from a city).

Example I: Using RUCAs in the ChewFree.com trial

The prevalence of chewing tobacco use is markedly higher
in rural counties compared to metropolitan areas [16,17].
Rural chewers wanting assistance to quit have relatively
few local resources to help then quit using chewing
tobacco [18,19]. The ChewFree.com project, a rand-
omized controlled trial of two Web-based smokeless
tobacco cessation websites (an Enhanced condition and a
Basic control condition), recruited 2325 participants from
across the US during the years 2004-2005. Ethics
approval for the research was obtained through the Com-
mittee for the Protection of Human Subjects/Institutional
Review Board of Oregon Research Institute. All partici-
pants provided their informed consent online.

The recruitment methodology, participant exposure to
program content, and outcome results are described else-
where [20-22]. ChewFree participants (2507 of 2523)
with valid ZIP codes included in the analysis were drawn
from 49 states as well as one individual from the District
of Columbia and another from the Armed Forces Pacific.

Table 2: RUCAs aggregation

Groups RUCA codes

Urban 1.0, I.1,2.0,2.1,3.0,4.1,5.1, 7.1,
8.1, 10.1
4.0,4.2,5.0,52,6.0,6.1
7.0,72,73,74,8.0,82,83,84,
9.0,9.1,9.2

10.0, 10.2, 10.3, 10.4, 10.5, 10.6

Large rural/town
Small rural/town

Isolated small rural/town

http://www.biomedcentral.com/1471-2458/7/228

In addition to the advantages of being available 24x7,
Web-based interventions can deliver video content as a
way to model the use of behavioral strategies and to pro-
vide stories or testimonials that can help build participant
motivation to effect a behavior change. In addition, selec-
tive use of video when combined with other forms of
interactivity may well encourage longer and more fre-
quent visits (building participant engagement and expo-
sure to helpful program content) [20].

Participants who were randomized to the Enhanced Con-
dition (N = 1260) of the ChewFree.com program had the
option of reviewing online videos. The default setting for
showing video or not was initially determined by an
unobtrusive measure of the speed of each participant's
Internet connection. In addition, each participant could
subsequently override these default settings and change
his/her program preferences about viewing the videos.
Because successful delivery of video in Web-based pro-
grams requires broadband (high-speed) Internet access
[23] and the prevalence of broadband use is less in rural
settings, we examined the relationship between Chew-
Free.com participant rurality and their type of Internet
access (broadband vs. dial-up). This analysis is limited to
participants in the Enhanced condition for whom RUCA
categories could be calculated and for whom data on the
speed of Internet access was measured at baseline. For pur-
poses of this analysis, we followed the recommendation
of Danaher et al. [23] and operationally defined broad-
band as throughput speeds of at least 384 Kbps.

Example 2: Using RUCAs in the Smokers' Health
Improvement Program (SHIP) trial

In their recent report describing smoking trend data based
on the Behavioral Risk Factor Surveillance System
(BREFSS), Doescher et al. [24] observed that "...rural resi-
dence itself is a risk factor for smoking and that many
well-known risk factors for smoking, such as male gender
and low socioeconomic status, are especially important
among persons residing in rural locations" (p. 115). A
growing number of Web-based interventions have
focused on helping participants quit smoking [25-29].
The Smokers' Health Improvement Program (SHIP)
project used online recruiting methods (Google and
Yahoo ad campaigns) to enroll a total of 2318 smokers
from the US and Canada to participate in the SHIP rand-
omized controlled trial. Ethics approval for the research
was obtained through the Committee for the Protection
of Human Subjects/Institutional Review Board of Oregon
Research Institute. All participants provided their
informed consent online.

For purposes of this analysis, we excluded individuals
from Canada and those individuals for whom ZIP code
data were invalid or incomplete which yielded the final
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sample of 2263 smokers drawn from all 50 states and the
District of Columbia. Participants were assigned to one of
two Web-based programs: (a) the QSN treatment condi-
tion which offered a tailored, video-enriched program for
preparing to quit, quitting, and maintaining nonsmoking
that was derived from a previously-described pilot study
[30]; and (b) the Active Lives control condition that pro-
vided a personalized physical activity program to help
participants become more fit which, in turn, would help
them quit smoking.

Results

[llustrative example data on participant rurality in the
Web-based smokeless tobacco cessation trial (Chew-
Free.com) and the Web-based smoking cessation trial
(SHIP) are displayed in Table 3. Owing in large part to
large sample sizes and successful randomization, there
were no observed differences in rurality between condi-
tions within the ChewFree.com trial (y2(3, N = 2507) =
0.55, p =.91) and the SHIP trial (¥2(3, N =2263) =0.12,
p = .99). When we collapsed data across conditions and
aggregated RUCA categories to permit an examination of
the rural:urban dichotomy, results in both trials indicated
that participation differed significantly by rurality: the
ChewFree.com trial (yx2(1, N = 2507) = 192.67, p < .001)
and the SHIP trial (y2(1, N =2263) =830.60, p <.001).

In Table 4 we consider participant rurality in each of the
two trials using the broader context of the percentage of
US population in the same RUCAs groupings [10]. While
the rurality of smokers in the SHIP trial closely mirrored
the national population distribution, the rurality of
smokeless tobacco users in the ChewFree.com trial dif-
fered significantly from the population distribution -
both when examining all four RUCAs groups presented in
Table 4 (y2(3, N = 2507) = 511.80, p < .001) and also
when the data were collapsed into a rural:urban dichot-
omy (x2(1, N = 2507) = 478.50, p < .001) with almost
twice as many rural participants than would be expected
from the distribution of rurality in the US population
(36.2% vs. 19.0%, respectively). These Chewfree.com

http://www.biomedcentral.com/1471-2458/7/228

results reflect both smokeless tobacco usage patterns and
ChewFree.com's targeted marketing effort.

We also examined type of Internet access and rurality
among participants in Enhanced condition in Chew-
Free.com program. Results (see Table 5) showed roughly
equivalent dial-up vs. broadband access among urban
participants. In contrast, among rural participants, there
was a clear gradient such that dial-up access increased its
relative percentage share as the home location became
more rural, a result that underscores the importance of
taking into consideration the bandwidth constraints of
many rural Internet users.

Discussion

Web-based health behavior change programs are well-
suited to reach persons in many settings, including rural
locations. Their potential public health impact is particu-
larly important for rural locations wherein access to
behavior change services (e.g., tobacco cessation services)
is limited by relatively low income, lower rates of health
insurance, and the poor availability of health care [24,31].
If the target population is known to be segmented accord-
ing to rural:urban settings, then describing the study sam-
ple according to its RUCA characteristics can facilitate our
understanding of the extent to which interventions
reached their intended audience [32,33]. RUCAs can also
provide valuable feedback to help refine marketing cam-
paigns for Web-based interventions [33]. For example, we
found that recruitment to the ChewFree.com research
project benefited from using a mixture of both Internet-
based marketing and ‘"earned-media" promotions
through more traditional media channels (e.g., newspa-
pers and radio) many of which were based in rural settings
[21]. In addition, RUCAs can be used to target as well as
tailor program content and health messages [34].

Considering tobacco cessation, it is important to note that
although Doescher et al. [24] recently reported the rural
vs. urban distribution of smoking behavior by counties, to
date we do not have finer-grained data that describes the

Table 3: Participant rurality in two Web-based tobacco cessation trials

ChewFree smokeless tobacco cessation trial (N = 2507)

SHIP smoking cessation trial (N = 2263)

RUCA groups Enhanced Condition Basic Condition QSN Active Lives Control
Urban 806 907 910
64.3% 63.4% 80.1% 80.5%
Large rural/town 203 119 116
16.2% 15.9% 10.5% 10.3%
Small rural/town 146 6l 58
11.7% 12.3% 5.4% 5.1%
Isolated small rural/town 98 46 46
7.8% 8.4% 4.1% 4.1%
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Table 4: Distribution of rural participants in two Web-based tobacco cessation trials and the US population

RUCA groups ChewFree smokeless tobacco SHIP smoking cessation trial US population
cessation trial
(N =2507) (N =2263)
Urban 63.9% 80.3% 81.0%
Large rural/town 16.1% 10.4% 9.6%
Small rural/town 12.0% 5.3% 5.2%
Isolated small rural/town 8.1% 4.1% 4.2%

number of smokers or smokeless tobacco users by ZIP
codes. Thus, for tobacco cessation and very likely for
many other important health behaviors, RUCAs do not
yet provide us with the denominator to describe the per-
centage of eligible participants reached by Web-based
tobacco cessation interventions [35]. Nonetheless, ZIP
code-based RUCAs datasets for age, race, sex, population,
and income (planned), and travel distance time to cities
with a population of 50,000 or more can also be used to
fine-tune the research. Likewise, additional analyses could
combine RUCAs with other geocoded datasets such as the
ZIP code-based Consumer Health Profiles available
through the Office of Cancer Communications of the
National Cancer Institute [36,37], proprietary market seg-
mentation datasets from Claritas, Inc[38,39], and US Cen-
sus Bureau data on defined region, division, and state
[40]. Finally, it is helpful to consider ways that RUCAs can
mesh with other geography-based tools such as spatial
analysis [41].

One noteworthy limitation of the current report is that it
uses a taxonomy that applies only to US locations. Not
only do US-based Web interventions attract participation
from other countries [e.g., [27]], but Web-based interven-
tions obviously can be hosted in and marketed to partici-
pants in countries other than the US. In this regard, other
countries have their own measures for categorizing rural-
ity that could potentially be usefully employed to describe
participation in their Web-based programs. Examples
include the use of Rural and Small Town (RST) designa-

Table 5: Rurality by type of Internet access for the Enhanced
Condition in the ChewFree.com smokeless tobacco cessation
trial

RUCA groups Dial-Up (N = 722) Broadband
(N =510)
Urban 428 367
53.8% 46.2%
Large rural/town 117 8l
59.1% 40.9%
Small rural/town 98 44
69.0% 31.0%
Isolated small rural/ 79 18
town 81.4% 18.6%

tions as a part of the Metropolitan Area and Census
Agglomeration influenced Zones (MIZ) in Canada
[42,43], the Accessibility/Remoteness Index (ARIA+) in
Australia [44], and the Carstairs area deprivation meas-
ures in the UK [45,46].

Conclusion

Because RUCAs linked to ZIP code data can be down-
loaded at no cost, there appear to be few barriers to
obtaining the considerable benefits associated with rou-
tinely reporting RUCA-measured rurality along with other
key indices of participant demographics in reporting
results of Web-based health behavior change programs
targeted to US participants. Using data drawn from two
Web-based RCTs we highlighted examples showing ways
that RUCAs can be used as an integral evaluation compo-
nent.
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