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Abstract

Preterm birth is a priority health problem in the U.S. One in ten babies in the U.S. is born before 37 weeks gestation, which
results in lengthy hospitalizations and sometimes lifelong health problems. Obtaining adequate prenatal healthcare is
essential for reducing prematurity. However, access to primary care is a challenge for many American women who reside
in rural communities where there are significant provider shortages, travel distances, and limited public health support
services. Mobile technology and community health workers (CHW) are two resources that have shown potential for
reducing these rural access barriers. The purpose of this study was to pilot test an evidence-based clinical intervention
using concierge mobile technology with CHW reinforcement to reduce preterm birth. The study objectives were to
examine the intervention for its feasibility, preliminary effectiveness, and costs in preparation for a larger study. This
was a quasi-experimental two-group design. Participants (N = 114) were recruited from a rural Midwestern state and
were in the study from enrollment through 36 weeks. Intervention participants received usual medical care plus a smart
phone loaded with concierge mobile technology. They also had weekly CHW contact. Control participants received usual
medical care and a prenatal information packet. Results showed the intervention was feasible based on acceptance and
fidelity. It also showed potential for leveraging patient activation. Return on investment analysis showed the intervention
was cost-effective and although those in the intention group had improved birth outcomes, the differences were not
statistically different than controls. Enrollment and attrition were challenges and the authors make recommendations to
improve the processes for a larger study.

Introduction Mobile technology has been used successfully as a clinical
intervention for weight loss, sexual health promotion, and
smoking cessation. There are also publicly available prenatal
healthcare websites (e.g., Text4Baby) that provide general
information. Reports indicate that women accessing prenatal
websites may feel more confident in their preparation for
motherhood [12-14]. Mobile technology is widely available.

Prematurity exacts a significant social and economic toll
in the U.S., and is a priority public health problem [1]. Each
year, 1 in 10 babies is born prematurely before 37 weeks
gestation [2,3]. Premature/low birth weight infants can
experience complicated health problems that often require

lengthy hospitalizations costing more than 10 times that of More than 67% of rural Americans own smart phones

uncomplicated newborns [4]. Preterm can also result in life- [15,16], and 62% use their phones to get information about
long problems such as intellectual disabilities, learning delays, health conditions [17]. The problem has been that not all
vision or hearing loss, behavior problems and neurological

) mobile technology users are well-informed about accessing
disorders [5].

evidence-based health information [18].
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nurse practitioners, physician assistants), long travel distanc-
es, and limited public health or support services [6,7]. Mobile
technology and community health workers (CHW) are two re-
sources that show potential for reducing rural access barriers
by extending provider outreach across distances and enhanc-
ing patient communications and education [8-11].
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Figure 1: Pilot Feasibility Design.

CHWs are another emerging healthcare resource for un-
derserved and rural communities. CHWs typically are indige-
nous to the community, require minimal training, can provide
culturally appropriate health counseling and education, and
help patients connect with health services or providers, as
well as to necessary social support services [9,19-21].

This article describes the pilot/feasibility testing of an
evidence-based clinical intervention using concierge mobile
technology and CHW reinforcement to reduce rural preterm
births. The conceptual framework was based on Social Cogni-
tive Theory [22] that posits improved knowledge and access
to information can change one’s health beliefs and behaviors.
Consistent with the purpose of pilot/feasibility studies, our
primary objective was to test processes needed for a larger
study based on intervention acceptance, enrollment, and fi-
delity [23-26]. Our secondary objective was to explore prelim-
inary intervention effectiveness as measured by adherence to
medical care, patient activation, and birth outcomes (i.e., ges-
tation and birth weight). The third objective was to examine
financial costs of the intervention extending 30 days post-de-
livery and based on return on investment analysis.

Materials and Methods

Design, Sample, and Procedures

The study was approved by the institutional review
board of an academic medical center. This 15-month pilot
feasibility used a two-group quasi-experimental design
(Figure 1). Participants were in the study from enrollment to
36-weeks gestation. Intervention participants received usual
medical care plus a smart phone pre-loaded with a HIPAA-
compliant concierge messaging platform. Concierge aspects
of the mobile technology included personalized messaging
to each participant based on their name, trimester, assessed
health risks (i.e., smoking, alcohol or substance use, and
BMI), and preferred language (English or Spanish). Weekly
text messages contained evidence-based prenatal self-care
information and deep-dive hyperlinks. The bi-lingual CHW
contacted participants weekly via short message service
(SMS) and/or voice phone for appointment reminders, social

service assistance, and to discuss weekly text messages or
answer questions. Control participants received usual medical
care and prenatal informational packets.

The setting for this study was two rural counties in Ne-
braska-a predominately rural Midwestern state in the U.S.
We enrolled 114 participants over a nine-month period. The
sample size was based on the pragmatics of recruitment
(e.g., budgetary constraints, patient flow) and the neces-
sities for examining feasibility [25]. Clinic nurses from five
rural primary care clinics and two rural community service
agencies screened patients for eligibility and made refer-
rals to the study coordinator. Inclusion criteria were 1% or
2" trimester of pregnancy, Spanish or English speaking, and
an assigned primary care provider. Those requiring more
than usual medical care (i.e., chronic hypertension, heart
disease, uncontrolled diabetes) or significantly predisposed
to preterm birth (i.e., multiple fetuses or history of preterm
birth) were excluded. The CHW phoned eligible patients that
had been referred to the study within a few days of the clinic
visit to schedule the home visit for consent and enrollment.
We used a quasi-experimental design that did not involve
randomization due to time limitation on the mobile technol-
ogy contract. Thus, we first recruited our intervention partic-
ipants to ensure their completion of the intervention before
the service ended.

Measures

We collected demographics, health risk data (smoking,
alcohol/substance use, BMI) and insurance data at the time
of enrollment. For objective one (i.e., feasibility), we admin-
istered the Client Satisfaction Questionnaire (CSQ-8) [27] at
36 weeks to measure intervention acceptance. We examined
enrollment by measuring recruitment efficiency and attrition.
Intervention fidelity was measured by the total text message
hyperlink hits and total phone contacts or chats with the
CHW. These data were collected through our mobile technol-
ogy vendor’s internal database analytics.

For study objective two (i.e., intervention effectiveness),
we used the ratio of kept-to-scheduled appointments to
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measure adherence to medical care. These data were
collected from participants’ clinic records. We administered
the Patient Activation Measure (PAM) [28] at 36-weeks as
a retrospective pretest to avoid response-shift bias [29-
31]. Birth outcomes for preterm (< 37 weeks) and low birth
weight(< 2500 grams) came from hospital delivery notes.

For study objective three (financial costs), we used return
on investment analysis. Mother and infant total charges
were collected from hospital billing records and financial
departments. Data also included primary payer, primary
payment, secondary payer, secondary payment, patient
payments, primary diagnosis, and diagnosis description.

Data Analysis

Chi-square (x?) and likelihood ratio tests (LRT) described
group differences in demographics, health risks, and insur-
ance. T-tests analyzed differences in BMI, age, and weeks
pregnant. Mann-Whitney U tests compared birth weight and
gestational weeks between groups. The LRT tested group
differences on 1) Low versus normal birth weight and 2)
Preterm versus full term gestation. ROI related intervention
costs (hospital charge data) to expected monetary benefits
(difference in average inpatient costs between groups). Inter-
vention costs included technology service ($3.00/participant/
month), CHW time/salary ($251.25/participant); and smart
phones use ($20.00/participant/month).

Results

Of 114 consented participants, n = 37 had missing birth
outcome data leaving a final sample of N = 77 (n = 40/68
intervention [59%]; n = 37/46 control [80%)]). Overall, the final
sample was mostly white race (97.3%); married with spouse
present (62.7%); insured (51.3% private, 39.5% government);

and employed (50% full-time, 13.2% part-time). There were
34.7% with more than a high school diploma, and 42.5%
were Hispanic/Latino ethnicity. Most were non-smokers
(94.7%) and only one self-reported 30-day alcohol use. None
reported 30-day substance use but one tested positive on a
urine drug screen. There were 32.9% overweight and 25.8%
categorized as obese to morbidly obese. Groups differed on
only two variables: controls were older (M =30.1 vs. M =27.3
intervention, p = 0.018) and enrolled earlier in their gestation
(M =13.7 vs. 16.5 weeks intervention, p = 0.019).

Objective One: Intervention Feasibility

Acceptance: Intervention participants had higher CSQ-8
scores (M = 3.59, SD = 0.3 vs. control M = 3.22, SD = 0.7),
but not significantly. Intervention participants valued regular
and personalized contacts through CHW texts and phone
calls (e.g., “...personalized text messages were very helpful
and | learned so much”, “I liked how easy it was and to be
reminded [about appointments and my health] every week”).

Study enrollment

Enrollment was hindered by delays following referral. It
generally required 2-3 days for the CHW to make successful
phone contact and schedule the home visit for consent and
enrollment. The delays were mostly due to incorrect phone
numbers or disconnected phones. When home visits were
successfully scheduled, it was not uncommon for patients to
have forgotten the appointment (and request rescheduling)
or to be no-shows. None of the referred minors agreed to ob-
tain parental consent and thus, could not be enrolled in the
study. A few of the undocumented Hispanic and Sudanese re-
ferrals could not be enrolled due to reading barriers.

We had study attrition (N =77/114; n =40/68 intervention,
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n = 37/46 control) due to missing birth outcome data.
Many participants moved or relocated without notification;
however, attrition did not bias statistical findings. Study
completers (i.e., participants with birth outcome data) did
not differ in attrition from non-completers (i.e., participants
with missing data) (control M = 21.3%; intervention M =
23.1%) (p = 0.83). Completers and non-completers were
similar on 12 of 15 demographic variables with the exception
of insurance (non-completers were significantly more likely
to be uninsured or on government insurance (p = 0.009); risk
behaviors (non-completers were significantly more likely to
smoke (p = 0.013); and race/ethnicity (non-completers were
significantly more likely to be Hispanic/Latino (p = 0.006).

Fidelity

The intervention participants had a large percentage of
hyperlink hits and chats especially during the first months
after enrollment (Figure 2 and Figure 3), with English-only
speaking participants were likely to hit the hyperlinks. The
CHW had frequent telephone calls (n = 210) with the 36 par-
ticipants and the majority (N = 203 calls) involved medical ap-
pointment reminders, preparing participants for office visits,
and referrals for social support services. The average number
of calls was 5.83 per participant, with a range of 1 — 10 per
participant.

Objective Two: Preliminary Intervention Effi-
cacy

Birth outcomes

Intervention participants had more full term deliveries,

longer gestation births, and more normal birth weight infants
than did the controls but the differences were not statistically
significant (Table 1).

Patient activation

Both groups increased scores (p < 0.001), with interven-
tion participants showing a higher increase in PAM scores,
but not-significantly (Table 1). Individual item analysis of the
PAM showed the biggest improvements for intervention par-
ticipants occurred in confidence regarding 1) Knowing when
to appropriately seek medical care (item 5) and 2) Having the
ability to figure out solutions when new problems arise in
their health (item 12).

Adherence to medical care

The intervention participants had fewer kept appoint-
ments but not significantly (Table 1).

Objective Three: Financial Analysis

Financial analyses was from the providers’ perspective.
Program costs included technology service, CHW, and provi-
sion of a smart phone. Per member per month (PMPM) cost
of the technology varied by the enabled features of the ser-
vice and size of the user base. For this study, we used a PMPM
of $3.00, which included the ability to chat within the tech-
nology app. The CHW received two weeks of training and allo-
cated 0.3 FTE of time toward patient management. Based on
CHW compensation, we calculated these costs to be $251.25
per intervention participant. The average cost of providing a
smart phone to participants was $20 per month.
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Table 1: Outcomes Comparison between Control and Intervention Groups.

Group Mean (SD)
Weeks Gestation Control 39.13 (1.6)
Intervention 39.43 (1.1)
Total 39.29 (1.4)
Birth Weight (pounds) Control 7.46 (1.1)
Intervention 7.34(0.9)
Total 7.4 (1)
N (%) Control
Preterm or Fullterm Preterm 2 (5.4%)
Full Term 35 (94.6%)
Total 37
Low Birthweight Low 1(2.7%)
Normal 36 (97.3%)
Total 37
PAM Increase Control 0.15(0.3)
Intervention 0.19(0.2)
Total 0.18 (0.2)
Percent Adherence to Control 95.06 (6.8)
Medical Visits Intervention 93.85 (8.3)
Total 94.44 (7.5)

N Range p-value
37 33.5-41.9

40 36-41

77 33.5-41.9 0.349
37 4-9.3

40 4.8-9.9

77 4-9.9 0.444
N (%) Intervention | Total p-value
1(2.5%) 3

39 (97.5%) 74

40 77 0.508
1(2.5%) 2

39 (97.5%) 75

40 77 0.955
21 -0.2-0.8

35 -0.2-0.9 p <0.001
56 -0.2-0.9 0.124
35 78.6-100

37 73.3-100

72 73.3-100 0.556

Table 2: Return on Investment analysis by estimated inpatient cost savings per participant and Option based on $520 cost

savings per participant.

Option | Intervention description
A Mobile Technology service only
B Mobile Technology service, CHW training, and CHW

program management

Return on investment (ROI) analysis was stratified by two
plausible options. Option A assumed the only intervention
cost was mobile technology calculated at $27 per participant.
Option B incorporated CHW training and patient manage-
ment costs and mobile technology service cost (5251.25 per
participant). It should be noted that the intervention does not
change under each option; only the cost items to be count-
ed toward the intervention relative to usual care change. For
example, Option A implicitly assumes that the intervention
group will receive CHW support, but this is not included as a
separate cost item in Option A because the provider may not
need to allocate new FTE for a CHW to carry out the inter-
vention. In contrast, Option B assumes that the provider will
need to hire or re-allocate new FTE for a CHW to undergo the
training and patient management activities. ROl reports the
anticipated benefits (in dollars) net of program cost relative
to program cost. We based the program’s monetary benefit
on inpatient treatment cost savings between the interven-
tion and control groups. Inpatient costs were estimated us-
ing charges collected from hospital partners. The minimum
acceptable ROl is determined by the expected ROl from the
next best alternative use for program funds (i.e., the oppor-
tunity cost rate of funding the program). For this analysis, we

Intervention cost per participant
$27.00
$251.25

Return on Investment (%)
1,859%
90%

assumed an opportunity cost rate of 5%; however, in prac-
tice, this rate will vary across organizations.

We calculated average differences in inpatient costs be-
tween intervention and control groups in addition to cost
differences after adjusting for outliers or selected patient
characteristics. (NOTE: The intervention group had more
C-Sections [n = 13 vs. n = 9 for control and an infant admit-
ted to intensive care for three days). Excluding outlier pa-
tients (highest 5% of charges), the average difference in costs
was $1,547 between intervention and control groups. This
decreased to $834 after adjusting for age, primary payer
(Medicaid, commercial insurance, self-pay), and C-section
operation. Therefore, we estimated ROI on the basis of this
range of cost savings, (i.e., $834 to $1,547). This range pro-
vides information on the sensitivity of ROI to differences in
program healthcare cost savings. Because charges may vary
across hospital providers, we also examined cost savings for
a single delivery site and found a 20.6% lower average cost
for intervention participants than control participants. How-
ever, results were not statistically significant due to low sam-
ple sizes in stratified analyses.

Table 2 shows that returns are highest for Option A be-
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cause of the low PMPM cost of providing mobile technology
service with chat enabled. However, relative to an opportu-
nity cost rate of 5%, the program is cost-effective under both
options.

Discussion

Pilot results showed that concierge mobile technology
with CHW support can promote prenatal self-care among
rural women. Intervention satisfaction and fidelity were high,
and the intervention appears to be cost-effective. Patient
activation was improved, indicating that the intervention
can enhance self-care confidence and behaviors through
improved knowledge. This is consistent with recent research
showing mobile phones to be an emerging health technology
that can positively modify health behaviors [8,10,32].

Our feasibility findings contribute to a better understand-
ing of intervention delivery and sampling issues, as well as the
effectiveness of the intervention among rural populations-all
of which are essential for larger scale studies [23,26]. Enroll-
ment challenges can be addressed for a larger study by having
the CHW meet with eligible patients at the clinic immediately
following their visit. Office nurses said they were too busy and
needed quicker turnover on rooms, which precluded them
from doing consent and enrollment. Thus, having a separate
space at the office so that the CHW could consent and enroll
would improve the process. This may also help in recruiting a
more at-risk population (e.g., undocumented women, unin-
sured, single mothers) who can be difficult to reach. Attrition
due to missing data was another challenge. We lost contact
with a large percentage of our enrolled patients, and believe
this was related to the transient nature of the sample, and
the use of a dedicated smart phones for the study. Non-com-
pleters (i.e., those with missing data) were higher risk (i.e.,
Hispanic, without insurance or on government insurance,
and smokers), and we lost contact with this group because
they moved, changed providers, or stopped answering their
dedicated phones. A larger study would only need to provide
smart phones for those who need one. Indeed, we learned
during the course of the study that 86% of our sample already
owned a smart phone. Requiring them to carry two phones
(i.e., theirs and a study phone) was cumbersome and many
reported forgetting to carry it and/or check messages. The
loss of five study phones was associated with attrition. Finally,
we learned at study conclusion that some of our clinic part-
ners began implementing more diligent follow-up protocols
with all of their patients-many of whom included our control
participants. This was a positive practice change for the clin-
ics, but had unintended results for the study and most likely
for the control group, which was recruited last.

Additional research is needed with a more at-risk popu-
lation (i.e., minors, undocumented women) who can benefit
from the intervention and a larger sample to draw conclu-
sions about intervention effectiveness and financial implica-
tions as compared to usual prenatal care. It is especially im-
portant to examine patient activation as an outcome because
improved PAM scores are a reliable predictor of health care
service utilization and health behaviors up to four years [33-
35]. Indeed, the strongest relationship between age and acti-
vation improvements is for those under 40 years of age [34].
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