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ABSTRACT
Purpose: The purpose of this innovative, developmental grant was to develop a Fast Health Interoperability
Resources (FHIR) compliant, mHealth application to improve screening, brief intervention, and referral to
treatment for risk and protective factors in pregnant women.
Scope: Perinatal outcomes in the United States consistently rank lower than other developed countries and fail
to meet the Healthy People 2010 and 2020 goals. Research suggests that pregnant women and their infants
have improved outcomes with attention to risk and protective factors, and technology has the potential to
provide comprehensive assessment and treatment for risk and protective factors during pregnancy.
Methods: StartSmartTM was developed through an iterative process based upon Davis’ Technology
Acceptance Model with prototype development, alpha testing, and beta testing that incorporated patient and
provider feedback in each phase. StartSmartTM includes screening, decision support, and brief interventions
for the following factors: weight status and related conditions (underweight, overweight/obese, gestational
weight gain, gestational diabetes mellitus), substance use (alcohol, drugs, tobacco), emotional conditions
(anxiety, depression, domestic violence), and protective factors (immunizations, prenatal vitamins, physical
activity, sleep). Development of the prototype included consultation with expert clinicians, scientists, and
patients to optimize screening of pregnant women for prenatal risk and protective factors as well as generating
clinical decision support, tailored patient recommendations, and provider prompts for brief motivational
interviewing counseling. The process included foundational needs assessments (focus groups and individual
interviews) with providers and pregnant women. After the prototype was developed, patients and providers
were interviewed to provide feedback on StartSmartTM. Refinements were made and a beta test of the refined
version was conducted. Also, a systems engineer with workflow expertise observed the use of StartSmartTM in
the clinic setting and conducted process mapping to understand the impact on patient flow as well as workload
for medical assistants and front desk staff. Future interoperability with electronic health records was tested by
establishing StartSmartTM connectivity with a publicly available and FHIR-compliant server.
Results: A prototype of decision support prenatal screening technology based upon the SBIRT framework was
developed with patient and provider feedback. Alpha testing of the prototype was used to refine and improve
acceptability and usability. Beta testing revealed patient and provider satisfaction with the screening
technology and the individualized patient education materials.
Key Words: decisions support, SBIRT, tailored patient education, Davis’ Technology Acceptance Model,
prenatal screening
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PURPOSE
Objectives:
1. The first aim of the project included developing a prototype mHealth technology, StartSmartTM, based upon
an expanded Screening, Brief Intervention, and Referral to Treatment (SBIRT) model.
2. The second aim included alpha testing and refinement of StartSmartTM based upon patient and provider
feedback.
3. The third aim was to beta test and refine based upon patient interviews and providers surveys regarding
acceptability and usability.
SCOPE
Background and Prevalence
Many conditions and lifestyle factors during pregnancy impact a woman’s health as well as the health of her
child – some effects lasting long after birth.1 Despite advancements in perinatal healthcare, infant morbidity
and mortality have seen little improvement in this country2 and rates of severe maternal morbidity have
continued to rise.3 Evidence points to a link between poor perinatal outcomes and pregnancy health risks
such as mental health conditions, substance use, and chronic diseases, including obesity and diabetes, during
pregnancy.4 Protective factors that can influence pregnancy outcomes include immunizations, nutrition,
physical activity, and sleep, yet pregnant women are not consistently counseled on these.5 Adherence to
perinatal guidelines is limited due to time constraints and clinic demands.6 Chart reviews of 25,408 pregnant
women7 reported lower incidence of pregnancy health risks compared to national statistics8 (smoking 13%
compared to national average of 19%; depression 3% compared to 11%, and postpartum depression 2%
compared 12%), suggesting under recognition of perinatal health risks in busy practices.7
Pregnancy health risks: Mood disorders can cause serious health conditions by compromising the immune,
cardiovascular, neuroendocrine, and central nervous systems, leading to adverse birth outcomes such as
preterm delivery.9 Psychobiological markers of stress during the first trimester result in delayed fetal
maturation, and researchers hypothesize that maternal stressors, such as anxiety and/or depression, may
impact the offspring’s growth and development long-term.10 Accumulating evidence suggests that maternal
psychological and social stress during pregnancy is associated with behavioral, cognitive, and interactional
difficulties as a result of these fetal health alterations.10,11 A recent review revealed that gestational depression
may have negative effects on the developing fetus (hyperactivity, irregular fetal heart rate), newborns
(increased cortisol and norepinephrine levels, decreased dopamine levels, altered electroencephalogram
[EEG] patterns, reduced vagal tone, stress/depressive-like behaviors, and increased rates of premature deaths
and neonatal intensive care unit admission), and children (increased salivary cortisol levels, internalizing and
externalizing problems, and central adiposity).12 Research also suggests that failure to prevent or alleviate
anxiety and depression during pregnancy contributes to the chronicity of mental illness across generations.13-17
Studies show one in six pregnant women are exposed to domestic violence, and higher rates of depression
and post-traumatic stress disorder have been found in these women after delivery.18 Children living with
mothers abused during pregnancy displayed more behavioral problems, especially depression and anxiety.19
Maternal substance use during pregnancy can result in devastating outcomes.
Prenatal alcohol exposure has been linked to birth defects of major organ systems, growth disorders, and
damage to multiple structures in the brain resulting in permanent and lifelong disabilities.20 Maternal smoking
can cause premature birth and/or intrauterine growth restriction resulting in low birth weight, and increases the
risk for maternal conditions such as placenta previa, placental abruption, decreased maternal thyroid function,
and ectopic pregnancy.21 Clinical studies indicate prenatal exposure to heavy marijuana use may lead to
cognitive and behavioral outcomes in childhood and altered executive function in adolescence.22 With the
legalization of recreational marijuana use in Colorado, it is unknown how many pregnant women may be
exposing their fetus to marijuana.
Maintaining a healthy weight (body mass index [BMI]) prior to and during pregnancy and eating a healthy diet
can lower the risk of gestational diabetes, preeclampsia, birth defects, intrauterine growth restriction, and later
chronic disease.23 While obesity itself as a risk factor cannot be resolved during pregnancy, gestational weight
gain can still be mitigated to improve perinatal outcomes.24 In addition, the rising prevalence of gestational
diabetes mellitus could soon affect one in five pregnant women,25,26 and it is feared that identification and
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treatment will be cost prohibitive to the health care system.27,28 Increasing evidence supports a 30-50% risk of
subsequent diabetes in women with gestational diabetes mellitus and a high risk of metabolic disease in offspring, particularly if born with excess adiposity.29-31
Protective factors that can influence pregnancy outcomes include immunizations, nutrition, physical activity,
and sleep. Vaccines recommended during pregnancy include the inactivated influenza vaccine (IIV) during
influenza season (can be given any trimester) and the tetanus, diphtheria, and accellular pertussis (Tdap)
vaccine (ideally given between 27-36 weeks to protect the newborn from potentially fatal infections).32,33
Colorado ranks second in the U.S. for refusal of vaccine administration,34 highlighting the potential to improve
this important health indicator during the prenatal period. A healthy diet is essential for optimal pregnancy
outcomes as well. Folic acid is particularly important for healthy fetal development in the first few weeks after
conception,35 and has been shown to reduce the risk of some birth defects, such as spina bifida.36 Most women
of reproductive age do not have adequate dietary folate intake, and daily folic acid supplementation is
necessary to ensure adequate folate levels.37 However, many women do not take prenatal vitamins or folic acid
during early pregnancy, with compliance ranging from 9-55%, depending on race/ethnicity, education, income,
and other characteristics.38 Prenatal physical activity is associated with adequate gestational weight gain,39,40
improved course of delivery,41,42 reduced incidence of gestational diabetes mellitus,39 preeclampsia,43 and
many psychological benefits.44,45 Disturbed maternal sleep is associated with an inflammatory process,
gestational diabetes mellitus, hypertension, depression, longer labors, and cesarean section delivery.46
Context
Evidence suggests that decision-support technology, self-management, and behavior change programs have
the potential to increase healthy behaviors.47-49 The use of computer algorithms to tailor interventions and
education based on user data can make information more relevant, engaging, and effective.47-49 Technology
can facilitate decision support for both clinicians and patients.50-53 Technology decision support has been
shown to significantly improve screening and referral for maternal depression compared to clinician
reminders,54 as well as significant improvements in patient outcomes for brief interventions for smoking during
pregnancy.55 Self-administered and computer-administered instruments have been found to elicit more
accurate responses than face-to-face interviews with both the general population and specifically pregnant
women.56,57 A study screening pregnant women on sensitive information and risky behaviors including smoking
cigarettes, using drugs, drinking alcohol, and intimate partner violence reported a higher prevalence of these
behaviors using technology than reported in published studies using other reporting means.58 Pregnant women
were more likely to report positive responses to sensitive topics when using a computer screen.58
A systematic review59 suggested decision-support technology improves patient outcomes in ambulatory care
settings. Despite advances in technology, the review emphasized the need for further research to: (1) expand
decision support technology to include multiple conditions simultaneously, (2) determine which members of the
team should receive clinical decision support, (3) assess what impact technology has on clinical outcomes, and
(4) evaluate how technology is best integrated into the workflow and deployed across diverse settings.
Extending the reach of technology is mobile health (mHealth), defined as wireless and mobile technologies
designed to improve research, health care services, and health outcomes.
Purpose
The purpose of this grant was an iterative development of mHealth technology that facilitates self-administered
screening of pregnant women and automates decision support to improve brief motivational interviewing (MI)
counseling and referral for treatment when indicated.
Setting and Participants
This project took place at the University of Colorado Hospital (UCH). The University of Colorado Health System
(UCH and four partner institutions) has 4,500 deliveries per year. A heterogeneous mix of patient and provider
types were used to assure development of a system for diverse payer mix populations including 41% private
insurance and 59% Medicaid. Providers included obstetricians, family practice, and certified nurse midwifes.
Pregnant women were invited to participate in the development, refinement, and assessment of acceptability of
the prenatal screening application. Inclusion criteria are: pregnant women who are 18 years of age or older,
English-speaking, and who are attending their first or second prenatal appointment. Exclusion criteria include:
pregnant women who are monolingual in a language other than English or have a health condition that
interferes with completing the assessment such as cognitive impairment. Translation and validation with
pregnant Spanish-speaking women will occur later. High-risk pregnancy conditions will be factored into the
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treatment algorithms by referring the high-risk women to specialty treatment via the tailored recommendations
and will not prohibit a woman from participating in the study. Demographics were collected on participants in all
phases of the study and include standard prenatal screening questions for marital status, ethnicity,
socioeconomic status, number of pregnancies and births. Client measurements of height, weight, blood
pressure, immunization status, and glucose tolerance test laboratory findings will be entered by clinic staff.
METHODS
Design
Aim 1: Prototype Development
Iterative Development Process
The prototype development of StartSmartTM was a user-centric, data driven approach based upon the Davis’
Technology Acceptance Model with end users who are engaged in technology development from initial
concept through alpha and beta testing.60 Fast Healthcare Interoperability Resources (FHIR), is a standard for
electronic exchange that provides a framework and standards for the exchange, integration, sharing, and
retrieval of information from electronic health records (EHRs). The prototype was FHIR compliant for future
integration with EHRs. StartSmart uses a comprehensive Screening, Brief Intervention, and Referral to
Treatment (SBIRT) approach with decision support and individualized patient education at the point of care, for
the assessment and treatment for pregnant patients.61 The SBIRT framework has primarily been used for
perinatal substance use disorders and to some extent mood disorders.62 An extended SBIRT model was used
to develop StartSmart which: (a) screens for prenatal risk/protective factors, (b) uses motivational interviewing
in a brief intervention to improve risk/protective factors, and (c) refers/treats when problems are identified62
Figure 1. Iterative development using the Davis’ Technology Acceptance Model (TAM)
The TAM 60 guided the development of
StartSmartTM to facilitate an innovative and
standardized SBIRT approach to screening,
brief intervention, and referral of pregnant
women (see Figure 1). The system was
developed with end users’ input to facilitate
ease of use and increase usefulness.
StartSmartTM generates individualized
patient handouts and provider prompts in an
effort to aid clinical decision-making, guide
provider counseling, and improve adherence
to recommendations.
Focus groups and individual interviews with
pregnant women and providers were
conducted to learn about women’s
experience with prenatal screening,
resources provided, referrals, and visits with
specialists.5 Findings informed the design
and development of the technology. Clinical
guidelines, expert consultations, and feedback from patients and providers were included during prototype
development. Applying the SBIRT approach, the screening measures, cut points, frequency of screening and
the recommended interventions for each level are outlined for each risk/protective factor in Table 1.
Pregnant women and experts in prenatal care, including OBs, CNMs, and family practice clinicians who
worked with the target population provided input on the development of StartSmartTM. Provider Content
Experts provided input on screening instruments, algorithm, and recommendations for StartSmartTM to ensure
they were consistent, realistic, and evidence-based. Individual interviews and a focus group with four clinicians
and scientists were conducted to discuss the development plans. Screening and treatment algorithms were
developed with this input for the technology experts to implement (Table 1). Providers identified pregnant
women from their practice to participate in development. Patients who agreed to participate were consented by
the research team. Patient Content Experts were shown the proposed materials and asked about the best
approach to screening questions, informing them about risks, and promoting adherence to the
recommendations. Interviews took 40- 45 minutes, the focus group took 1.5 hours and experts received a $50
honorarium.
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Table 1. Screening Instruments: Variables, Measures, and Decision Algorithms using SBIRT Framework
Domain#
Screen
No/Low Risk
Moderate Risk
High/Severe Risk
Treatment Approach
Positive reinforcement
Brief intervention
Referral to specialty treatment
Emotional Conditions
Anxiety
Generalized Anxiety
GAD-2: ≤ 3
GAD-7: 6-10
GAD-7: ≥10
(once per
Disorder (GAD)63*:
GAD-7:< 5
Options:
Options:
trimester; 2-5
1st use GAD-2; if >3
Options:
-Brief intervention
-Refer to Promise Clinic and/or
minutes)
follow with GAD-7
-Positive reinforcement
-Educational handouts on anxietya
Perinatal Clinic at Health Depta
Depression
Suicidality (Question 9): Escort to
Patient Health
PHQ-2: ≤ 3
PHQ-9: 10-1465
emergency department
(once per
Questionnaire
PHQ-9: ≤ 9
Options:
trimester;
(PHQ)64*:1st use PHQOptions:
-Educational handouts on
PHQ-9: ≥15 without suicidality
2-5 minutes)
-Positive reinforcement
depressiona
Options:
2; if score >3 follow
with PHQ-9
-Refer if patient prefersa
-Refer to Promise or Perinatal Clinica
Intimate
Abuse Assessment
AAS < 1 finished
AAS > 1 Currently safe
AAS > 1 Unsafe or requests help
Partner
Screen (AAS)66*:
AAS>1 follow with
Options:
Options:
Violence
1st use AAS-2;
Safety assessment (11
-Educational handout with a safety
Referral to shelter and legal
items)
plan is givena
assistance.
(once alone; 2if score >1 follow with
5 minutes)
AAS-5
-Information on resourcesa
Information on resources given
Substance Use
Alcohol
1st National Institute on
No alcohol <1
Audit-C: 1-2
Audit-C: > 3
(each visit; 2-5
Drug Abuse (NIDA)
Options:
Options:
Options:
minutes NIDA
Quick screen*; if
-Positive reinforcement
-Brief intervention re. harm
-Health Team Works (referral list) a
quick screen)
positive follow with
-Reassess next visit
-Families Firsta
Audit-C67,68*
Drugs
NIDA Quick screen*
Quick screen <1
Quick screen: 1-2
Quick screen > 3
(each visit; part
Options:
Options:
Options:
of NIDA quick
-Positive reinforcement
- Brief intervention re. harm
-Health Team Works (referral list) a
screen)
-Reassess next visit
-Families Firsta
Tobacco
NIDA Quick Screen
Quick screen < 1
Quick screen 1-2
Quick screen > 3
(each visit; part
Options:
Options:
Options:
of NIDA quick
-Positive reinforcement
-Counseling on risks & handoutsa
-Colorado Quit Linea
screen)
-Reassess next visit
-Stress management resourcesa
Obesity and Related Conditions
Underweight
Pre-pregnancy body
BMI 18.5-24.9 kg/m2
BMI <18.5 kg/m2
BMI <18.5 kg/m2 + eating disorder
(all prenatal
mass index (BMI);
Options:
Options:
Options:
visits)
Gestational weight gain -Reinforce healthy
-Discuss GWG 28-40 lbs
-Refer to counselinga
(GWG)
weight gain (25-35 lbs)
-Nutritional handouta
-GWG 28-40 lbs
Overweight or
Pre-pregnancy BMI;
BMI 18.5-24.9 kg/m2
BMI 25 - 29.9 kg/m2
BMI > 30 kg/m2
Obesity
GWG
Options:
Options:
Options:
-Reinforce healthy
-Discuss GWG 15-25 lbs
-Referral nutrition/activity counselinga
(all prenatal
visits)
weight gain (25-35 lbs)
-Nutritional and activity handoutsa
-GWG 11-20 lbs
GDM
50g Oral Glucose
50g OGTT results < 135
50g OGTT results ≥ 135 mg/dL
50g OGTT results ≥ 200 mg/dL
(1st visit: If BMI
Tolerance Test
mg/dL
100g 1 abnormal: Fasting ≥95; 1-hr ≥
Fasting ≥95 OR 100g 2 abnormal:
≥30kg/m2 or
(OGTT); if results
Options:
180; 2-hr ≥ 155; 3-hr ≥ 140
Fasting ≥95; 1-hr ≥ 180; 2-hr ≥ 155;
-Reinforce diet and
3-hr ≥ 140
risk factors;
≥ 135 mg/dL proceed
Options:
activity
Week 28: all)
to 3-hour 100g OGTT
-Set self-management goals around
Options:
diet and activitya for next visit
-Referral to endocrinology/medication
Protective Factors
Immunizations
Have you had the
Yes
No (interested in being vaccinated)
No (not interested in being
(Tdap 3rd
Tdap/influenza
Options:
Options:
vaccinated)
vaccine?
-Reinforce importance
-Discuss risks & answer questionsa
Options:
trimester;
-Discuss risks and give handoutsa
influenza during
-Administer inactivated
flu season)
influenza/Tdap
-Follow-up at next visit
Prenatal
1st visit: Are you taking
Yes
No (interested in taking)
No (not interested in taking)
Vitamin
a prenatal vitamin?
Options:
Options:
Options:
-Reinforce; prescription
-Discuss risksa; prescription
-Refer to dietitiana
(all prenatal
After 1st visit:
Adherence: 0-1
visits;
Adherence: 2-3
Adherence > 4
2 minutes)
Adherence question*
Options:
Options:
Options:
-Reinforce importance
-Discuss risksa
-Refer to dietitiana
Physical
Godin-Shepherd69*
> 150 minutes/week
30-149 minutes/week
<30 minutes/week
Activity
Options:
Options:
Options:
-Reinforce behaviors
-Set self-management goals
-Refer to intervention to promote
(all prenatal
-Warn unsafe activities
-Troubleshoot barriers
physical activity among sedentary
visits;
for pregnant women
-Reinforce positive behaviors
womena
2 minutes)
-Referral if desired
-Highlight starting slow, encourage
-Highlight unsafe activities
walking, activities to avoid
Sleep
Insomnia Severity
Score 0-14 None or
Score 15-21: Clinical insomnia,
Score 22-28: Clinical insomnia,
(all prenatal
Index (ISI)70*
subthreshold insomnia
moderate
severe
visits;
Options:
Options:
Options:
2 minutes)
-Positive reinforcement
-Educate on sleep hygiene/habitsa
-Referral Sleep Centera
Nurse/Family
First live birth
If not eligible, not
If eligible referred to Nurse Family Partnershipa
Partnership
Low income & <28wks
referred
(first visit)
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Figure 2. Tablet-based screening

FHIR-compliant technical development
of the StartSmartTM prototype was
completed with the screening
questions, programming of algorithms,
and tailored recommendations based
upon on findings from research,
content expert interviews, as well as
the clinical utility and integration with
prenatal practice. StartSmartTM was
written at the 6th grade reading level.
Using a tablet computer, each screen
has a single question that must be
answered before moving on to the next
(Figure 2). Pregnant women entered self-report data, and the clinic medical assistant (MA) entered
measurements (e.g., height, weight, blood pressure, immunizations, laboratory findings) after the pregnant
woman completes the screening. Staff then generated individualized handouts, including a provider summary
(Figure 3), individualized patient education including a graphic depiction of gestational weight gain (Figure 4),
and resources. The tailored recommendations based upon treatment algorithms formed the basis for the
provider-patient counseling using the SBIRT framework to increase the patient’s understanding of any health
risks and provide options for brief intervention and referral as needed. Referral processes followed those
outlined in the last column of Table 1.
Figure 3. Provider Summary

Figure 4. Patient Weight-related Education

Aim 2: Alpha Testing and Refinement
Design
Alpha testing of StartSmartTM used qualitative methods including provider and patient interviews. Data were
used to refine the technology.
Procedures
Alpha testing of the StartSmartTM technology was conducted with expert clinicians and pregnant women from a
midwifery clinic and an obstetrical clinic. Research staff asked the pregnant women at their first or second
prenatal visit to participate in the testing of a new technology to improve prenatal care. A member of the
research team enrolled the patient and walked them through navigating the screening questions. Those
agreeing to participate signed an electronic informed consent on the first screen of the StartSmartTM
technology and then completed the screening questions (8-10 minutes to complete) on the touch-screen tablet.
A research team member worked with staff to complete standard clinic measures and enter the woman’s
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height, weight, BP, immunizations, and labs before generating the patient and provider handouts. Handouts
consist of a patient and provider summary for risk and protective factors, individualized recommendations
including a graphic depiction of gestation weight gain, along with a list of local resources. These summaries
were printed and given to the care provider prior to his or her encounter with the patient. Individualized
recommendations based upon algorithms developed from the evidence were provided to the participant along
with counseling prompts to the provider. After the prenatal visit, the risk summary and brief intervention
recommendations were sent home with the patient and findings documented in the patient’s chart.
Data Collection
Interviews with pregnant women and providers were conducted to assess usability. Data suggests the majority
of usability problems will be detected with 3-4 subjects and 7 will identify the majority of problems with
usability.71 The interview questions were guided by the SBIRT theory and attention to usefulness and
usability72 of the technology and took between 15 and 20 minutes. If safety was a strong concern such as with
domestic violence or suicidality, clinic staff were to escort the patient to the emergency room on site for
evaluation. None of the patients screened required this level of support.
a) Pregnant women were interviewed by a research team member after completing the StartSmartTM
screening using the “think aloud technique,”73 a cognitive engineering method used to inform the design
of clinical information systems. Participants were asked about any challenges they had with navigation
and layout (e.g., if they understand where to go, if a link did not work, or if they navigated in a way they
did not expect) and utility (e.g., pages were slow to load, material difficult to understand, questions that
were confusing). Pregnant women were asked about the best approach to help them understand the
risks and promote adherence to the guidelines. A research team member asked if the screening
questions, graphics, and patient handouts were clear and understandable. If questions or
recommendations were confusing or not clear, pregnant women were asked what could make the
questions easier to understand or more applicable to their culture or people like them.
b) Providers were interviewed about their experience with StartSmartTM and handouts after using the
prototype. Providers were asked to give feedback on the screening questions, brief MI interventions, and
referral to treatment algorithms as well as the patient education materials. Providers were asked about
the feasibility of using the materials to provide the brief intervention or referral to treatment, and about
training needs to inform implementation of the technology for beta testing.
Aim 3: Beta Testing - Refinement, Feasibility, and Acceptability
Design
A mixed methods approach was used for beta testing to assess feasibility, usability, and acceptability of the
technology for screening, brief intervention, referral, and to assess the women’s intentions regarding the
recommendations. Evaluation of usability and acceptability based upon the Technology Acceptance Model
included user (patient and provider) perceptions of usefulness and usability or ease-of-use.60
Implementation
Dr. Paul Cook (SBIRT trainer and MI expert) collaborated with the research team to design provider training
materials for lunch-and-learn workshops focused on implementing the technology and counseling patients
using MI to screen, provide the brief intervention, and refer to specialty care, if indicated, for each risk and
protective factor. Provider training materials (presentations, manuals, and handouts) were developed using
case-based scenarios and role-playing sessions with time allotted for demonstrating the use of the technology,
answering questions, role-playing techniques for discussing sensitive topics, and helping providers to develop
confidence in using MI for the targeted conditions and specialist referrals when needed. Providers and clinic
support staff were trained on: (1) the use of the StartSmartTM technology in practice, including the touch-screen
interview and printout generation procedures and (2) discussion with the patient regarding the prenatal
screening findings (emotional conditions, substance use, weight status and related conditions, and protective
factors). Dr. Cook collaborated with the research team to deliver training. Providers were confident in providing
MI counseling but were concerned with workflow when implementing the technology. Workshops were
conducted at the clinic and also video recorded to accommodate various schedules. Ongoing case coaching
by the research team took place monthly with providers during implementation to problem solve
implementation of the technology, work flow issues, and use of MI counseling. Providers were coached on use
of the tailored patient education materials to triage patient risks and focus their time on the top priorities.
Providers were comfortable with MI counseling and focused most of their attention on workflow.
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Participant enrollment for beta testing of the StartSmartTM technology was conducted in a midwifery clinic and a
community obstetrics clinic. A member of the research team was present at the clinic to enroll the participants
and obtain consent. Those agreeing to participate signed an electronic informed consent on the first screen of
the StartSmartTM technology and then completed the screening questions (8-10 minutes to complete). The
clinic’s medical assistant (MA) entered the woman’s data (height, weight, BP, immunizations, and labs) but
required research staff assistance in generating the patient and provider handouts. The printed risk summaries
were given to the care provider prior to his or her encounter with the pregnant woman, saving the clinicians’
time in completing the assessments. A member of the research team facilitated implementation of the
technology by helping the patient navigate the screening, coaching the MA on entering patient measurements,
and generating the decision support/education materials that outline the recommendations. The research team
provided ongoing coaching on the use of StartSmartTM with clinic champions to ensure integration with work
flow. The plan for independent clinic implementation of the technology screening was challenging and the clinic
required ongoing research team support.
A pregnant woman’s risk summary was based upon responses to screening questions, which informed the
brief MI counseling to increase the pregnant woman’s understanding of her health risks and provide specific
options for collaborative goal setting and care planning. The individualized recommendations were based upon
algorithms developed from the evidence-prioritized topics for provider counseling. In addition, provider prompts
were generated for screening items that scored above the threshold to guide clinician counseling. Providers
were given handouts to discuss risks, priorities, and options with the women using MI techniques.
Data Collection
After refinement of StartSmartTM based upon feedback from Aim 2, the revised mHealth application was
implemented in the clinics for a three-month trial period. Patient interviews occurred in months 2, 3 and 4.
a) Pregnant women feasibility and acceptability was evaluated during StartSmartTM implementation.
1. Acceptability was evaluated by conducting exit interviews with the pregnant women who participate in
the electronic screening/brief intervention/referral counseling after the clinics had been using the
revised system for at least one month. After completing their prenatal appointment, women were
asked to complete a short exit interview. Women were queried regarding the ease of use, clarity of
questions, understanding of risks, and feedback on individualized handouts and the impact they had
on their intentions to change behaviors, implement brief interventions, or follow through with a referral
if applicable. They were asked for feedback about the provider-patient brief intervention, resources
and recommendations, as well as their intent to change related to the provider counseling, decision
aids, and referrals, if applicable. The exit interviews took 10 - 20 minutes.
2. Feasibility was evaluated by the proportion of new prenatal patients who completed data submitted
via StartSmartTM compared to the total number of new patients. At the completion of the three-month
implementation trial period, user data were obtained from StartSmartTM and compared to the total
number of new prenatal clients seen over the three-month period.
b) Provider and clinic staff acceptability was evaluated at the completion of the three-month trial by online
surveys and StartSmartTM use records.
1. Usability and ease of use survey based on the Technology Acceptance Model was administered via
online survey. Valid measurement scales were used based upon their ability to predict user
acceptance of technology, 6 items on perceived usefulness and 6 items on ease of use. The scales
have high convergent, discriminant, and factorial validity60.
2. Additional items were added to the survey including: feedback on the quality of the training
materials; additional needs related to screening, educating, or referring; experiences with the
StartSmartTM technology including attitudes and barriers to use of technology for screening/brief
intervention/referrals; intent to continue to use StartSmartTM; and effect on clinic flow. Space was
provided for comments.74
3. Acceptability was measured by the number of new prenatal patients who completed data submitted
via StartSmartTM electronic screening after implementation in the clinic compared to the total
number of new patients.
4. The number of pregnant women who screened positive for all variables of interest will be used to
power a future randomized clinical trial.
c) Workflow was explored by Dr. Ozkaynak through observations at each site during their prenatal visits
when StartSmartTM was used to understand the impact on patient flow, workload for MAs and front desk
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staff. Information gained during observations was used to educate staff on the optimal implementation of
the technology.
d) Future interoperability with EHRs was tested by establishing StartSmartTM connectivity with a publicly
available and FHIR-compliant server established for these development purposes.75 A trial of hypothetical
StartSmartTM data was transmitted and stored on the test server.
Data Analysis
Qualitative data from both interviews and focus groups with providers and pregnant women were transcribed
verbatim as they were obtained and uploaded into ATLAS.ti software to facilitate management of the data.
Content analysis was conducted using a modified constant comparative method of analysis.76 Analysis began
with microanalysis coding the transcripts line by line. Codes were examined to unitize the data clusters. Data
clusters were examined for overall themes regarding the suggested changes needed for the technology
navigation, screening questions and patient education materials. Data informed the development/refinement of
the technology prototype.76 Quantitative data from provider surveys, StartSmartTM user data, and participant
screening responses were analyzed using descriptive statistics.
RESULTS
Prototype development. The expert clinicians (Table 2) provided guidance on the preferred screening
instruments, resources and practice guidelines for the areas of concern. Most experts (5 of 6) were very
satisfied with the proposed plan for screening. One suggested adding screening for intimate partner violence
(IPV). A midwife stated, “One of our patients was murdered by her husband in the past two months, so we feel
strongly about screening for IPV.” The team consulted with Jacqueline Campbell, PhD, RN and Professor at
Johns Hopkins, an expert on IPV and the safest way to screen and provide resources to this population. We
were advised to include the findings of IPV screening on the clinician summary sheet and to embed the
resources in the middle of the resource sheet so that the clinician could point them out to the patients who
screened positive without calling attention to the issue if the abusive partner was accompanying her to the visit.
We were advised to omit IPV information from the educational handouts for the patients. The mental health
expert provided insight into the algorithm for referral for IPV, “We need a low threshold to refer to a mandated
reporter. The [provider] does not want to be the reporter. We need to get the woman to a social worker for
reporting and resources.” The clinicians acknowledged they are mandated reporters, but they wanted a system
in place where the social worker makes the call.
One of the midwives suggested including a graph of the maternal weight gain to aid in understanding of weight
gain in during pregnancy. The midwife provided examples of graphs that she had used in her previous
practice. There was much discussion among providers around this topic, one stating “Weight is a touchy
issue.” Providers expressed concern over the terminology obese and suggested using overweight moderate
and high risk. Providers decided to include the graph but avoid the use of obesity in the education materials.
The use of an initial quick screen (Patient Health Questionnaire [PHQ] 2 Screen) followed by comprehensive
screening (PHQ 9) as the most efficient approach to assess depression was recommended. Clinicians liked
the summary sheet with prompts for motivational interviewing to counsel the patient. Clinicians suggested
identifying specific prenatal visits for the screening, “We have the proposed timing for screening at every
trimester consistent with guidelines, but in my experience if we identify a specific visit, it is going to be more
successful. So, at the new prenatal visit, at the 28-week visit, and the 36-week visit. Otherwise, it will be
forgotten.” Other thoughts on the timing of screening for substance use were expressed, “The proposed
frequency of screening at each visit for substance use is a lot. We currently screen at the first visit and that is it.
There is a subset of patients that will be offended that we keep asking.” After discussion, consensus was
reached on screening once a trimester. Clinicians liked the support for motivational interviewing counseling.
The patients (see Table 2) reviewed the proposed screening questions and educational materials, and
provided mostly favorable comments and a few suggestions for improvement. One of the participants with
gestational diabetes stated that more information on the diabetic diet and resources were needed. Other
comments suggested that the substance use and IPV questions were important questions to ask patients. One
commented, “I am glad you asked about substance use, we need help when we are pregnant.” Another patient
commented, “No one has asked me about this [IPV] before, this is important to ask.” One woman commented,
“This is all good, but I don’t believe in immunizations.” Feedback from patients and providers informed
revisions to the technology. No changes contrary to evidence were made based upon patient feedback.
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Table 2. Demographics of Providers and Patients
Phase One
Providers (n=8)

Patients (6)

Specialty

Discipline

Gender

Race/ethnicity

Area of Expertise

GDM Scientist (NIH funded PI)

RN, PhD

female

Hispanic

GDM, overweight

Obstetrician, mental health
Clinic administrator

MD
CNM

male
female

Hispanic
White

SUD disorder in pregnancy

ND

female

White

SUD in pregnancy laws

MD

female

White

GDM, obese
Anxiety, depression,
IPV
SUD, IPV Immunization
refusal
Screened negative

SUD in pregnancy

SW

female

White

Sleep disorders

IPV (NIH funded PI)

RN, PhD

female

IPV

SW

female

Phase Two
Providers (n=9)

Patients (n=7)

Specialty

Discipline

Gender

Race/ethnicity

Visit

Midwifery

CNM, PhD

female

Hispanic

ROB

Midwifery
(administrator)

CNM, DNP

female

Black

ROB

Midwifery

CNM, DNP

female

Eastern Indian

ROB

obstetrician

MD

female

White

ROB

Midwifery (culturally sensitive care)

CNM, MPH

female

White

ROB

Midwifery (new)

CNM, MS

female

African immigrant

ROB

Midwifery (new)

CNM, MS

female

White

ROB

Midwifery

CNM, MS

female

Family Practice

FNP, MS

female

Alpha Testing. Six additional clinicians (e.g., midwives, MDs, administrators, and nurses) used the
screening instrument and provided feedback on the questions, graphics, navigability, and workflow. Overall
feedback was positive (Table 3). Administrators reported that StartSmart was useful to promote adherence to
national guidelines. A nurse suggested that the graphics depicting a healthy baby while asking about
substance use could influence the response to those questions since patients are aware that drug and alcohol
use during pregnancy can lead to an unhealthy baby. She suggested using another graphic would minimize
the influence of social desirability. Another suggested, “The education materials need to explain that substance
use may have legal implications after the delivery (e.g., babies who test positive at delivery are reported to
social services).” The providers were positive about the summary sheet and the educational materials for
patients. One provider stated, “I like having the resources for referral on one page.” One clinician also
commented that the graphics were not appropriate for the Native American or African American populations.
Table 3. Expert Consultants Feedback on Prototype Development Plans
Phase One: Prototype Development
Provider
Overall, providers approved of the screening tools, graphics, algorithm, education
materials, and support for MI.
Add intimate partner violence (IPV) screening; omit education materials; embed
the resources.
Include weight gain graphic; avoid use of obese terminology.
Use National Institutes of Drug Abuse (NIDA) quick screen for first step.
Pregnant Women
Overall, patients approved of the screening questions, approach to screening,
and education materials.
Include more resources on diabetic diet.

Revisions Made based upon feedback
Changes as outlined below.
Consulted with Dr. Campbell at Johns
Hopkins and followed her recommendations
on IPV screening, education, and
resources.
Add weight gain graph. Edited language on
weight counseling.
Added NIDA quick screen as an initial step,
algorithm skips additional questions if
negative.

Expanded patient education on diabetic diet
and resources.
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During the alpha testing using the think aloud technique, patients commented about the navigability and
usability. Many of the patients reported favorable responses (Table 4). Multiple participants reported that the
app and questions were "good" and that in general use of it was "easy." An ethnically diverse participant
stated, “The tablet-based screening is a better way to ask about [IPV] because in my culture we are not
allowed to talk about it, but we can answer the question on the tablet.” Another participant said, "Even though
there were a lot of questions, I don’t think there was a question not worthy of answering or asking".
Users encountered a few problems when completing the screening including sensitivity of touch screen,
navigation, and layout. “So, I am trying to go back, and I push back, but it is stuck.” There was confusion
regarding the physical activity questions with the type of physical activity (strenuous, moderate, and mild) and
the time frame each question was referencing. Multiple participants suggested that the physical activity
questions should appear on the same screen. "To me, it would make more sense if they [physical activity
questions] were all on the same page." Another participant recommended, "You could also make the boxes
bigger, because the questions and the boxes only take up a third of the screen so if you made the font size in
the boxes bigger maybe. Because my fingers are big, and I accidentally touched both boxes that resulted in
the wrong answer."
Suggestions for improvement included question clarity, improved layout, and navigation. One participant
stated, “When the question is the same length, it’s hard to tell if it’s switched screens so I think that it’s the
same question, and I don’t realize the words have changed.” It has moved on to the next question. “Maybe if it
flashed... or maybe if they were like numbered? Just so you can tell that it’s switched [questions]." Other
suggestions were to be clearer on what time period the questions were referring to, such as, “Before pregnant
or right now?" Another patient stated, “How many times have you been pregnant is a little confusing. Like zero
before this one, or one because I'm currently pregnant? I'm not really sure how to answer this question."
Table 4. Patient and Provider Feedback and Revisions
Phase Two: Alpha Testing
Provider Feedback
Overall, screening and education materials are acceptable, support for MI useful,
and summary is helpful and support evidence based practice.
Concerns about workflow.
Graphics not appropriate for Black or Native American populations.
Pregnant women in third trimester don’t sleep well.
Graphics on substance use questions encourage the right response.
Pregnant Women “Think aloud interviews”
Overall, navigation was smooth, approach acceptable, and education materials
useful.
Some navigation and sensitivity issues in early interviews.
Some formatting suggestions including size of buttons and physical activity
questions on one screen.
Tablet-based screening appropriate for sensitive topics. In my culture we cannot
talk about this but it is okay to answer on the tablet.

Revisions Made based upon feedback
Additional training for providers and research staff for
support with workflow.
Plans for future cultural adaptation for Black and Native
American populations.
Patient education rephrased, many women in third
trimester of pregnancy have trouble sleeping…
The happy healthy babies were removed from the pages
that asked about substance use.
We added a progress bar indicating how many questions
were left to answer.
Adjustments to sensitivity were made.
Industry standards are currently used, will explore this
further in future work. Reformatted exercise questions to
one page.

Beta testing.
Patient Exit Interviews
Following verbatim transcription of the patient exit interviews they were coded qualitatively. Ten main codes
emerged relating to the StartSmart screening tool and the screening process. They were Acceptability,
Communication, Cultural Acceptability, Education materials, Impression, Negative, Neutral, Positive, Screening
tool and Suggestion. To aid in the revision of the screening tool, interview data was used to determine which
aspects of the process and tool should be targeted for improvement. Overall, a few screening questions
related to physical activity were identified by patients as needing improvement. Additional suggestions included
the need for branching logic depending on how far along a woman is in her pregnancy, modifying answer
options in the case of the sleep question to allow for patients to indicate too much sleep rather than too little,
adding a progress bar and revisions to time frame for questions (i.e., including this pregnancy, how many times
have you been pregnant?). All of these changes were incorporated. Finally, pregnant women were asked if the
provider used the education materials in the counseling and if they were likely to make changes that were
suggested. Overall patient responses were positive, "She went over it and everything seemed to look normal,
so there was nothing really that needed to be addressed....I wanna say maybe [we spent] about two minutes.
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She asked me if I had any questions, and I let her know 'no'." Another responded, "Yes the provider reviewed
the information with me and it was helpful." Another patient responded about the consistent messaging
between the handouts and her WIC appointments, "when I go over to my WIC I'm told I'm gaining more weight
than I'm supposed to be for this pregnancy, so I mean we kinda had a longer discussion about that." Patients
also responded that they were unsure about the impact of the counseling on their plans for behavior change.
Feasibility
De-identified patient responses were collected for select testing days on three separate months. Demographics
of participants screened revealed a diverse sample (see Table 5). Feasibility being reported as the proportion
of new prenatal patients who completed the electronic screening to the total number of new patients. Follow up
interviews were also completed with 15 patient users, whose responses were analyzed with the help of Atlas.ti
qualitative analysis software. The following indicate results of all analysis.
Table 5. Demographics for Screening Participants
Age
Times Pregnant
BMI
Race/Ethnicity
Hispanic
Black
Caucasian
Asian/Pacific Islander
Other
Two or More

Mean
27.59
2.26
28.36

Standard Deviation
5.15
1.15
6.49

1
6
3
2
6
2

5%
30%
15%
10%
30%
10%

Range
20-38 years
1-4
19 - 40

Feasibility calculations (Table 6) did reveal slight improvements in usage from 33 % to 46% of patients as the
project progressed, which the research team attributes to repeated attempts to engage the providers and
quickly troubleshoot any workflow problems as they arose.
Table 6. StartSmartTM User Data
Testing Month
March
April
May

Patients Screened
3
5
6

Total new OB patients
9
14
13

Feasibility
33%
36%
46%

Screening Data
Screening outcomes were assessed for the four broad intervention categories: Emotional health, Weight
Status, Substance Use, and Protective Factors. Patient risk categories were assigned either low, medium or
high risk based on their individual screening responses and the screening algorithm. Totals for each
intervention category across risk levels are provided in Table 7. There were 11 instances of High risk, five for
protective factors, four for weight status and 2 for substance use; 29 documented instances of Medium risk,
thirteen for protective factors, ten for weight status, five for emotional health, and one for substance use; and
36 instances of low risk. Individuals who screened as high risk for any factor were counseled and referred.
Those of medium risk received provider counseling only.
Table 7. Summary of Screening Risk Factors by Category
Risk Level

Low
Medium
High

Emotional
Health
14
5
0

Weight Status

Substance Use

5
10
4

16
1
2

Protective
Factors
1
13
5

Total*
36
29
11

*Note: Since patients risk level was assessed for each category rather than being reported as one overall risk
level per patient the total column represents the number of instances that risk level was assigned to a patient
and is therefore greater than the total number of patients.
Provider Surveys
At the conclusion of patient data collection, employees of the University Nurse Midwives Faculty Practice were
invited to complete an online follow up survey. The survey consisted of 28 questions that utilized both 5 point
and 7 point Likert scales to measure engagement with and perceptions of StartSmart use in the clinic setting
with 12 specifically targeted usefulness and ease. Twenty-eight participants completed the survey (Table 8).
Responses indicated that providers and staff found the tool to be both easy to use and useful (Table 9).
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Table 8. Provider Descriptive Statistics
Role in Clinic
Obstetrician
Certified Nurse Midwife
Medical Assistant
Other
Total
Time in Clinic
Full time
Part time
Total
Average Number of Patients per Week
1-25
26-50
51-75
76-100
>100
Total
Used StartSmart
Never
One time
Two to five times
>5 times
Total

Number of Providers
2
10
12
4
28
21
7
28
Number of Providers
8
6
4
5
5
28
Number of Providers
15
4
3
6
28

Respondents who used StartSmart during the pilot testing were invited to respond to the questions about
usefulness and ease. Responses indicated that providers and staff found the tool to be both useful (Table 9)
and easy to use (Table 10).
Table 9. Provider Survey Results on Usefulness
Tasks quicker

Extremely likely
Quite likely
Slightly likely
Neither
Slightly unlikely
Quite unlikely
Extremely unlikely

1 (8%)
3 (23%)
3 (23%)
3 (23%)
1 (8%)
2 (15%)
0

Improve job
performance
1 (8%)
3 (23%)
2 (15%)
5 (38%)
2 (15%)
0
0

Table 10. Provider Survey Results on Ease of Use

Extremely likely
Quite likely
Slightly likely
Neither
Slightly unlikely
Quite unlikely
Extremely unlikely

Increase
productivity
0
4 (30%)
1 (8%)
3 (23%)
4
1 (8%)
0

Enhance
effectiveness
1 (8%)
3 (23%)
4 (30%)
4 (30%)
1 (8%)
0
0

Make job
easier
0
3 (23%)
3 (23%)
4 (30%)
3 (23%)
0
0

Useful in my
job
1 (8%)
3 (23%)
3 (23%)
4 (30%)
2 (15%)
0
0

Easy to
become
skillful
4 (30%)

Easy to use

Learning to use
easy

Easy to get it to
do what I want

Clear &
understandable

Flexible to
interact with

3 (23%)
6 (46%)
4 (30%)
0
0
0
0

3 (23%)
5 (38%)
1 (8%)
4 (30%)
0
0
0

3 (23%)
6 (46%)
2 (15%)
2 (15%)
0
0
0

3 (23%)
4 (30%)
1 (8%)
4 (30%)
1 (8%)
0
0

2 (15%)
2 (15%)
0
0
0

3 (23%)
6 (46%)
2 (15%)
2 (15%)
0
0
0

Qualitative data revealed the providers did not have any additional training needs but they were concerned
about implementation of the technology with minimal disruption to their workflow, one stated, “we need to fine
tune the flow in the clinic”. Overall comments were positive including the following, "StartSmart was a helpful
resource", "I love the idea of StartSmart. It helped me to efficiently ask about things I otherwise wouldn't have
time for". Finally, a suggestion for future development was offered, "I have concerns about the amount of paper
that is generated and would prefer to use a system like this only if it is able to send the patient emails with the
information."
Workflow issues were a challenge in implementing the technology. The tablet-based screening was to be
handed to the patient by the front desk staff at check-in to complete while waiting for her appointment. The
support staff who completed the weight, height, blood pressure, immunizations, and labs were to enter those
into the technology and generate the provider summary and individualized educational materials prior to the
provider entering the clinic room. As anticipated, initially there were a fair number of concerns and a significant
amount of resistance on the part of the support staff when they were asked to add additional tasks to their
current workflow. Universal adoption of this approach to screening along with integration of the technology with
the medical record to eliminate the need for double entry may overcome these barriers and facilitate adoption.
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In addition, alternative workflow approaches may assist with staff adherence and patient completion such as
texting the patient the link to StartSmartTM prior to their visit.
Using the rapid, responsive, relevant research approach,40 suggestions from workflow observations as well as
feedback from pregnant women and providers were used to refine the technology’s graphics, screening
questions, tailored recommendations, resources, provider training and workflow recommendations. All
suggestions from patient and provider interviews, focus groups, and surveys were discussed and used to
revise the application. There was not adequate funding to create the Spanish version or format for Native
American or African American specific populations, but additional funding is being sought for those activities.
Interoperability
StartSmart’s ability to integrate with the electronic health record was demonstrated by establishing a
connection to a standards-based publicly available server. The ability to both send and store, and then retrieve
and read the StartSmart interview on a publicly available server was established. This step insures the
possibility of integration with the electronic health record when the healthcare institution is ready for integration.
Challenges and Strategies for Improvement
The research team encountered numerous difficulties implementing the technology and subsequent data
collection, the majority of which centered around workflow. The introduction of any new process creates some
anxiety in providers and support staff. In addition, since the screening tool was not integrated into the current
electronic health record, implementation of StartSmart presented some additional workflow challenges for
providers and support staff.
The planned workflow was for the front desk staff to hand the technology to the patient at check in and have
the medical assistant generate the handouts prior to the provider entering the room. There was reluctance by
some front desk staff to engage in this new activity. There was also resistance by medical assistants to have
the additional tasks added to their workload. Medical assistants had to log into the StartSmart server with
unique credentials to enter the patient’s height, weight, blood pressure, and check the electronic health record
and enter laboratory results prior to printing out the education materials after the patient finished the tabletbased screening. Materials then had to be delivered to the patient and left at the door for the provider.
Workflow challenges resulted in education materials being presented to the patient and the provider during or
following the provider interview rather than prior to the provider entering the room as planned. The issue of
timing was further exacerbated for individuals who did not have enough time to compete the screening prior to
being taken back to an examination room, and patients that did not return the iPad to staff until leaving the
clinic after the visit was completed.
Maintaining provider and staff engagement in the project over time was also an issue. The constant rotation of
medical assistants between different providers necessitated training and retraining of clinic staff during the data
collection window. Illustrated quick reference guides helped MAs navigate the StartSmart online dashboard in
the absence of a research assistant facilitating the printing of handouts. Front office staff had to be introduced
to the researchers frequently, informed of the project goals, and reminded to inform researchers when an
eligible OB patient checked in. Support staff were most engaged in the research project when approached by
the provider directly and informed how important the study was. Constant communication between the
researchers, the providers and the clinic staff helped to keep the study in the forefront of everyone's mind, but
only yielded temporary and slight improvements in patient participation.
Participant recruitment remained a challenge throughout the data collection process. The inclusion criteria
were clear, however finding English speaking return OBs who were willing to participate was difficult. While a
handful of potential candidates refused based on lack of interest, or incentive, women being seen at the clinic
for gynecological rather than obstetric needs, or not speaking English were the main reasons for exclusion.
Over the course of data collection the research team calculated that between 20%- 40% of patients on any
given day required interpretive services and were therefore ineligible to participate. StartSmart data collection
at the clinic site also coincided with participant recruitment for a vaccine study further limiting the recruitment
pool. Individuals who did not show up for their appointments and left without being seen due to insurance
issues also reduced the number of eligible study participants.
Strategies for Future Work
Other issues during implementation and data collection and proposed solutions are listed below. Success of
implemented changes varied and served to inform our final recommendations for improvement and future
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study application. Staffing with one research assistant did not allow for following a patient from recruitment
through to the placement of the education materials without missing opportunities to recruit additional patients.
Future work requires initially staffing with an additional research staff to work with both front desk and back
office staff to orient them to the technology and the process including patient screening, printing on their own
and getting the website bookmarked on their browser to facilitate the ease of signing into the external browser.
We anticipate the need for research staff to reengage the front office staff during daily shift changes to get
eligible patients identified for recruitment into the study. We propose having signage and iPad at the front desk
to be handed out by receptionists and let them know we are testing until engaging a champion to take that role.
Additionally, we experienced the MA's forgetting the process for generating and printing educational materials
and not handing off the provider summary and education materials prior to the providers entering the patient
room. To address this, we created a quick reference guide with screen shots of what to do and where to go to
facilitate the MAs printing off educational materials. Future plans include earlier engagement of support staff in
the planning, recruitment, identifying a champions (front desk, administrator, back office, & provider), and
placing reminder signage near the printer along with intermittent incentives for high performers. Universal
adoption of the technology by the clinic administration and providers will strengthen the commitment by support
staff to integrate the extra work into their workflow. For future work, we propose: universal adoption,
expectations made clear by administration, a planning period with ample time to solicit input from support staff,
and identification of champions at the front desk, back office, and among the provider and administrator levels;
eliciting a plan for provider engagement requesting support staff assistance, providing a quick reference guide,
and establish independent use of iPad screening in clinic on days even when the research team is not present.
Discussion
Clinical guidelines to assess for risk and protective factors during pregnancy are recommended.77-85 However,
often assessment and appropriate treatment/referral practices are limited due to barriers at the provider and
systems levels.86 StartSmart was designed to address these provider- and system-level barriers, and
ultimately, enhance maternal/child outcomes. The development and alpha testing findings of StartSmart
reported here suggest that involving patients and clinicians in the development of mHealth to screen and
counsel patients on risk and protective factors during pregnancy results in an acceptable and useful tool that is
responsive to the needs of both patients and providers. Technology has been shown to improve care to
pregnant patients for a variety of conditions.54-56,87 To our knowledge, StartSmart is the first mHealth
application to address comprehensive screening of pregnancy risk and protective factors developed in
collaboration with end users (patients and providers).The use of the Davis’ Technology Acceptance Model with
feedback from clinicians and patients at each phase in the development of StartSmart enhances the usability
and acceptability.60 Consistent involvement of clinicians and patients throughout the development resulted in
favorable feedback and a responsive application that has high potential for future clinical adoption. Both
clinicians and patients reported StartSmart to be feasible with high satisfaction and usability. Furthermore,
StartSmart targeted key provider-level barriers related to lack of knowledge and skills related to screening,
brief intervention, treatment, and referral by incorporating the SBIRT framework and principles of motivational
interviewing. Promoting patient understanding of risks and provider confidence in counseling on the risk and
protective factors during pregnancy may ultimately improve numerous maternal/child health outcomes.
StartSmart has the potential to dramatically improve the clinician’s ability to efficiently adhere to the multitude
of practice guidelines aimed at improving birth outcomes. StartSmart targets known systems-level barriers by
its ability to integrate with the electronic health record to optimize workflow. Policies on interoperability for the
successful integration of mHealth with electronic health records are essential for optimal care. StartSmart is
responsive to both the voiced needs of providers and inherent conditions in today’s healthcare systems.
There is overwhelming evidence that technology decision support, self-management, and behavior change
programs have increased healthy behaviors50-52,88 and may improve patient outcomes.89 mHealth technology
that includes decision support, individualized brief intervention, and referral to treatment has been shown to
improve evidence-based practice.90 Technology to assimilate the best available evidence and provide point-ofcare brief interventions is an area of tremendous potential. Integrating mHealth technology into prenatal visits
for screening, brief intervention, and referral addresses provider barriers of time (through patient data entry),
awareness (by provider prompts), resources (by automating clinical processes), and comfort (by giving
clinicians specific protocols and suggested scripts).
Limitations of the study include development of the application in one health system with a diverse patient
population. Further testing is planned in additional systems. In addition, for convenience, providers were asked
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to identify pregnant women who would screen positive for the risk factors to provide feedback on StartSmart.
The providers’ relationships with the women during phase one may have introduced bias and may have
influenced their response. Although StartSmart is currently available only in English, we plan to test a Spanish
version in the future. The technology was developed for English-speaking patients and needs to be culturally
adapted for those whose first language is not English.
Integration of this technology for screening, brief intervention, and referral to community resources into the
electronic health record has the potential to overcome barriers to evidence-based healthcare for pregnant
patients. Future research is needed to translate and culturally adapt for other cultures, evaluate the efficacy of
technology for screening, as well as strategies to promote implementation to reduce the impact on workflow.
CONCLUSIONS
Guidelines exist for care to improve birth outcomes by assessing and counseling on pregnancy risk and
protective factors. Work volume and short visits with limited time for counselling complicate the ability of
clinicians to address pregnancy risk and protective factors. A systematic process for addressing these risk and
protective factors is needed to improve birth outcomes. Technology like StartSmart can aid providers in
addressing these risk and protective factors in an individual and targeted manner. Clinical decision support and
mHealth provides a more efficient and effective way to address pregnancy risk and protective factors, which
may improve maternal/child health. Involving patients and clinicians in the development of the technology leads
to a more acceptable and useful product.
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