Preventive Medicine Reports 26 (2022) 101716

Contents lists available at ScienceDirect

Preventive Medicine Reports

Preventive
Medicine

Reports

o %

ELSEVIER

journal homepage: www.elsevier.com/locate/pmedr

Modeling the impact of a health coaching intervention to prevent
teen pregnancy

Chi-Son Kim ?, Aletha Akers ", Daenuka Muraleetharan ¢, Ava Skolnik ¢, Whitney Garney ¢,
Kelly Wilson ¢, Aditi Sameer Rao®, Yan Li"®"

& Department of Obstetrics and Gynecology, Stamford Hospital, Stamford, CT, United States

b Vice President for Research, The Guttmacher Institute, New York, NY, United States

¢ Department of Health and Kinesiology, Texas A&M University, College Station, TX, United States

4 Division of Adolescent Medicine, Children’s Hospital of Philadelphia, Philadelphia, PA, United States

¢ Department of Health Policy and Management, Columbia University Mailman School of Public Health, New York, NY, United States

f Department of Population Health Science and Policy, Icahn School of Medicine at Mount Sinai, New York, NY, United States

8 Department of Obstetrics, Gynecology, and Reproductive Science, Icahn School of Medicine at Mount Sinai, New York, NY, United States

ARTICLE INFO ABSTRACT

Keywords:

Teen pregnancy
Community health
Health coaching
Economic evaluation

Teenage pregnancy is an important public health issue in the United States, presenting significant health and
economic risks to adolescents and the society. Health coaching is a potentially effective intervention in pre-
venting teen pregnancy. In 2017, the Children’s Hospital of Philadelphia implemented a health coaching pro-
gram among sexually active teenage girls, which improved their contraceptive continuation rates. However, the
cost-effectiveness of the health coaching program is not clear. We developed a microsimulation model of teen
pregnancy that can predict the number of teen pregnancies and related birth outcomes. Model parameters were
estimated from the literature and the health coaching program. The teen pregnancy model was used to assess
how the program could influence direct health care costs and pregnancy outcomes. Our model projected that the
health coaching program could prevent 15 teen pregnancies per 1000 adolescents compared to no intervention.
The incremental cost-effectiveness ratio (ICER) for the intervention was $309 per pregnancy prevented, which
was less than the willingness-to-pay threshold of $4,206 per pregnancy. Thus, the health coaching intervention
was cost-effective. Our study provides promising data on the effectiveness and cost-effectiveness of a health
coaching intervention to reduce the burden of teen pregnancies. Health practitioners should consider imple-
menting the program for a longer term and at a larger scale.

1. Introduction

Despite years of national decline, teen pregnancy rates remain high
in many states (Centers for Disease Control and Prevention, 2020). In the
state of Pennsylvania, there were 5,264 births among teens aged 15-19
in 2019, which represented a teen birth rate of 13.3 births per 1,000 girls
(Power to Decide, 2020). The teen birth rate in Pennsylvania has
decreased by 72% from 1991 to 2019; however, disparities remain
among racial and ethnic minorities (Power to Decide, 2020; Carlson
et al.,, 2014). In 2019, the teen birth rate for non-Hispanic Black and
Hispanic teens in the state was more than triple the rate of their non-
Hispanic White counterparts (Power to Decide, 2020). These

disparities reinforce the reality that systemic issues perpetuate dis-
proportionality in teen pregnancy rates and must be addressed to reduce
rates of teen pregnancy among vulnerable subpopulations.

Over half of the cost burden of unintended teen pregnancy can be
linked to poor contraceptive continuation, a key driver of unintended
teen pregnancy (Martin et al., 2011). A teen’s decision to continue or
discontinue using their contraceptives is influenced by community and
societal factors such as education, access to family planning and health
services, and cost (Cohen et al., 2016; Furstenberg et al., 1983). Yet,
most teen pregnancy prevention interventions focus on addressing
individual-level factors, rather than multi-level factors. Addressing these
systemic, multi-level influences calls for more high-level complex
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interventions that incorporate multiple and/or inter-linking strategies
that take a “whole of problem” approach to teen pregnancy prevention
(TPP) (Willis et al., 2012). These types of TPP interventions are in direct
juxtaposition with the traditional interventions targeting individual
behavior change like contraception use with the underlying assumption
that behavior change occurs in a siloed, individual fashion (Goesling
et al., 2014; Garney et al., 2019; McLeroy et al., 1988).

In 2017, the Children’s Hospital of Philadelphia (CHOP) imple-
mented a systems-focused health coaching program among sexually
active teenage girls to improve contraceptive continuation rates and
prevent teen pregnancies. The effectiveness of the program has been
documented (Amutah et al., 2021; Fields et al., 2021). Specifically,
Amutah et al. compared intervention completion rates among adoles-
cents and young adults with and without a previous pregnancy or
sexually transmitted infection participating in the health coaching pro-
gram to improve contraception adherence rate (Amutah et al., 2021).
The study included females ages 14 to 22, sexually active in the past
year, not desiring pregnancy in the next year, and starting a new
contraception. The patients underwent monthly health coaching inter-
vention to improve contraception continuation, which was continued
for 5 months. The study found those with previous adverse reproductive
outcome (history of sexually transmitted infections and/or previous
pregnancy) to be less likely to engage in sexual risk reduction in-
terventions, such as the health coaching sessions. In addition, the study
by Fields et al. sought to identify opportunities to incorporate HIV pre-
exposure prophylaxis (PrEP) education in contraceptive counseling in
adolescent females and young women (Fields et al., 2021). This study
was a secondary analysis of data from the Health Coaching for Contra-
ceptive Continuation pilot study, which is the main pilot study used for
our study model building. It included 21 participants who completed
more than four monthly health coaching sessions. The researchers found
multiple opportunities to introduce PrEP counseling within contracep-
tion counseling to this age group. Although both studies found the
health coaching intervention effective, its cost-effectiveness is unknown.

Simulation modeling can help public health practitioners and poli-
cymakers assess the cost-effectiveness of an intervention (McGill et al.,
2021; Ramsey et al., 2005). In particular, a well-designed simulation
model can generate a synthetic patient cohort similar to the population
of interest, predict their health outcomes and health care costs under the
studied intervention and no intervention, and calculate the comparative
cost-effectiveness of the studied intervention.

In this study, we used a microsimulation model of teen pregnancy
outcomes to assess the health and economic impact of the health
coaching program implemented by the CHOP. The health coaching
program, named the Health Coaching for Contraceptive Continuation
(HC3) program, is a systems-focused, theory-driven intervention that
aims to address barriers in contraceptive use at multiple levels. Using
data from the HC3 program, we aim to examine the cost-effectiveness of
the program, which may provide additional evidence supporting the
potential large-scale implementation of the program.

2. Methods
2.1. Program description

The HC3 program was implemented in 2017 in Philadelphia, PA.
Participants were recruited from three urban clinics affiliated with the
CHOP, including an adolescent specialty clinic and two Title X adoles-
cent family planning clinics. Ethical review and approval were provided
by the CHOP Institutional Review Board and AccessMatters, the local
Title X funding agency that oversaw operations at the Title X sites. A
Federal Certificate of Confidentiality was obtained to provide further
privacy protections for research subjects.

The HC3 program was designed based on the theory of the Integra-
tive Model of Behavioral Prediction (IMBP), which has been used to
guide evidence-based pregnancy prevention interventions and includes
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constructs with strong, empirical evidence that they predict both con-
traceptive use and pregnancy risk (Sutton and Walsh-Buhi, 2017). In the
IMBP, engagement in a target behavior is determined by behavioral
intentions. The HC3 program requested health coaches to increase
behavioral intentions by providing tailored reproductive health educa-
tion that addresses sexual health knowledge gaps and contraception
misconceptions. The program will also improve cognitive and inter-
personal factors related to teen pregnancy prevention such as shared
contraceptive decision-making, method satisfaction, quality of life,
distress tolerance, experiential avoidance, patient-coach alliance, and
expectations of treatment effect.

In the HC3 program, two sexual health educators with more than five
years of experience completed a manualized four-week health coach
training program. The program oriented the coaches to the health
coaching role relative to other care team members; highlighted effective
communication strategies; taught strategies for tapping into partici-
pants’ learning styles; and provided tools and activities for facilitating
goal setting, measuring behavior change, building self-management
skills and accountability. In addition, health coaches received training
for motivational interviewing, a communication strategy used to facil-
itate client behavior change by activating intrinsic motivation to
consistently use contraception. Motivational interviewing has been used
in previous studies for contraception use and pregnancy prevention
(Lopez et al., 2013; Lopez et al., 2016; Halpern et al., 2013). Health
coaches also learned behavior change strategies grounded in Acceptance
and Commitment Therapy, which increases willingness to experience
undesired thoughts, feelings, and sensations, while maintaining
engagement in certain behaviors (Mak and Loke, 2015; DuFrene and
Wilson, 2012). This translated to helping young women to recognize and
accept undesired thoughts and feelings about contraceptive uses (e.g.,
about undesired side effects, or the inconvenience of dosing re-
quirements). Health coaches fostered clients’ willingness to experience
these cognitions without acting upon them. Finally, the HC3 program
was developmentally tailored to improve emotional regulation and
problem-solving skills related to contraceptive use. This was achieved
through augmenting contraceptive knowledge, refocusing attention on
family planning goals when barriers to contraceptive use were
encountered, supporting cognitive information processing that maxi-
mized goal achievement, and highlighting motivational difficulties.

2.2. Program participants

There were 33 participants in the HC3 program. Eligible participants
were aged 14-22 years, sexually active with a male in the prior 12-
months, not desiring pregnancy in the next 12-months, English-
speaking, able to provide written informed consent, and had started a
new contraceptive method in the prior 14 days. Women were eligible if
they had initiated a short acting reversible contraceptive method (SARC:
progestin-only pill, combination estrogen-progestin pill, transdermal
patch, vaginal ring, intramuscular progestin shot) or a long-acting
reversible contraceptive method (LARC: IUD or subdermal implant).
Women were approached in-person at the visit when a new method was
started, or by phone within 14 days following initiation of a new
method. Study participants completed a baseline visit during which
coaches conducted a semi-structured interview to identify factors that
influenced participants’ decisions to use contraception and the method
selected. Coaches used the baseline interview to collaboratively develop
a coaching plan - a structured tool for identifying and addressing each
participant’s reproductive health information gaps, contraceptive self-
management needs, and individualized unique supports and perceived
personal and systemic (e.g., transportation, health care access, social
support) barriers to correct, consistent contraceptive use. A baseline
questionnaire assessed participants’ demographics, medical and sexual
histories, pregnancy intentions, and attitudes towards pregnancy.

After the baseline visit, participants engaged in monthly coaching
sessions during the 6 months after initiation of a new contraceptive.
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Sessions lasted approximately 30 min and participants had the same
coach for all study visits. Monthly questionnaires assessed self-reported
contraceptive continuation and method adherence for users of short-
acting methods, which were corroborated through review of electronic
medical records and pharmacy refill records. Three months and 6-
months after enrollment, follow-up questionnaires were administered
to update participants’ medical and sexual histories. After completing
the program, participants completed an exit interview to assess program
acceptability.

The main outcome measure for the HC3 program is contraceptive
continuation, which was defined as correct, consistent contraceptive use
throughout the six-month study period and assigned based on self-report
(on the monthly survey and coaching visit transcripts) and corroborated
by EMR data.

2.3. Model development

We used a microsimulation model of teen pregnancy to assess the
cost-effectiveness of the HC3 program. In a previous study, we used the
model to assess the cost-effectiveness of a school-based teen pregnancy
prevention program in New York City (Kim et al., 2021). For the current
study, we recalibrated the model based on the specific program data
from the CHOP. Fig. 1 shows the structure of the model. Briefly, the
model can generate a cohort of adolescents with specified characteristics
and simulates their contraceptive activities, pregnancy rate, and birth
outcomes. For the simulation experiments, we simulated 10,000 hypo-
thetical adolescents in each of the two arms — the HC3 program (Fig. 1,
CHOP 2) and routine care (Fig. 1, Routine 1). The basic simulation cycle
was one month.

When we run the model, in the first cycle, adolescents enter one of
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the two intervention arms and select a contraceptive method: SARC,
LARC or no method. Subsequent cycles reflect contraceptive continua-
tion rates and pregnancy states. At the pregnancy chance node, the
adolescent will either give birth, have a miscarriage, or have an ectopic
pregnancy based on probabilities drawn from the literature (Table 1).
The model does not include induced abortion as Pennsylvania Medicaid
does not cover costs of induced abortion. To simplify the model, we
assumed that individuals in the birth state will remain for nine cycles
(months), whereas individuals in miscarriage and ectopic pregnancy
nodes will remain for three cycles. The same assumptions were made in
other recent cost-effectiveness analysis studies (Kim et al., 2021; Bellows
et al., 2018), where nine cycles were chosen to reflect the time a person
remains pregnant with term pregnancy birth and three cycles were
chosen to reflect the conservative amount of time before ovulation
returns after a miscarriage or ectopic pregnancy. The model was pro-
grammed using the software TreeAge Pro 2020 (Pro and Software,
2015).

2.4. Model parameters

Table 1 presents major model parameters and their data sources. In
our study, SARCs include progestin-only pill, combination estrogen-
progestin pill, transdermal patch, vaginal ring, and intramuscular pro-
gestin shot. LARCs include IUD and the subdermal contraceptive
implant. We used the weighted average of each contraceptive method to
calculate the overall weighted averages of SARCs and LARCs. For
example, we used the failure rate for each method from the literature
and multiplied this rate by the proportion of adolescents who used the
method to obtain the weighted failure rate. We then calculated the sum
of the weighted averages to obtain the overall failure rates for SARCs
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Notes: Blue square is a decision node, the point at which a treatment is chosen. Purple circles represent transitional health states. Green circles represent
chance nodes where probability is assigned to each event. Red triangles represent terminal states, after which the adolescent will transition into the next
cycle. Each adolescent accumulates costs and effectiveness based on health states and events that occur during each cycle throughout designated time
horizon. Pregnancy was assumed to end in a live term birth, and the adolescent was assumed to not get pregnant during this time period and remained in this
health state for nine months. Miscarriage and ectopic pregnancy were transient states where adolescent spent 3 menstrual cycles before being exited to
nonpregnant health states. LARC includes intrauterine devices and implant. SARC includes the pill, patch, vaginal ring, and injection.

Fig. 1. Structure of the teen pregnancy model.
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Table 1
Model parameters and data sources.

Parameter Base Case Range in Data sources
(%) sensitivity
analysis
Baseline contraceptive Obijuru et al. (
use rate Obijuru et al., 2016)
Implant 3 2.25-3.75
Intrauterine device 2.25-3.75
DMPA 13 9.75-16.25
Oral contraceptive 1.5-2.5
pills
Patch 2 1.5-2.5
Condom 35 26.25-43.75
No method 42 31.5-52.5
Annual Contraceptive Trussell and Wynn®
failure rate
Implant 0.05 0.0375-0.0625
Levonorgestrel 0.2 0.15-0.25
intrauterine device
Copper intrauterine 0.8 0.6-1.0
device
DMPA 6 4.5-7.5
Combined hormonal 9 6.75-11.25
pill, patch, ring
Condom 18 13.5-22.5
No method 85 63.7-100
Continuation rates for Rosenstock et al. (
teens 14-19 at 1 year Rosenstock et al.,
2012)
Nexplanon 82.2
Copper intrauterine 76.5
device
Levonorgestrel 80.6
intrauterine device
DMPA 47.3
Oral contraceptive 46.7
pills
Patch 40.9
Ring 31

Kost et al. (Kost
et al., 2017)

Pennsylvania teen

pregnancy outcomes
Live birth 59
Spontaneous abortion 14.4
Ectopic pregnancy?? 0.8

CHOP HC3 program The HC3 program
outcomes at 6
months
LARC continuation 60
rate
SARC continuation 76.9
rate
Cost on contraceptive IBM Micromedex
methods RED BOOK?’
Implant $1,068.36
Levonorgestrel $11,117.49
intrauterine device
Copper intrauterine $970.20
device
DMPA $81.52
Oral contraceptive $32.00
pills
Patch $152.69
Vaginal ring $195.16
Cost on pregnancy Sonfield et al. (
outcomes Sonfield and Kost,
2015)
Live birth® (PA) $11,015.00
Spontaneous abortion $1,080.00
(PA)
Ectopic pregnancy $7,590.00 Bellows et al. (
(national) Bellows et al., 2018)

? Live birth period includes prenatal, labor and delivery, and 12 months of
infant care.
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and LARCs. We used logarithmic conversion to transform the calculated
annual rates into monthly rates to be consistent with our model
specification.

Baseline contraceptive use rates for this age group, failure rates, and
continuation rates were derived from the literature (Obijuru et al., 2016;
Trussell and Wynn, 2008; Rosenstock et al., 2012). For example, based
on Obijuru et al, 35% of adolescents used condoms and only 3% of them
used implants as contraceptive methods (Obijuru et al., 2016). Based on
Trussell and Wynn, condoms had an 18% failure rate, and the failure
rate for contraceptive implants, in comparison, was only 0.05% (Trussell
and Wynn, 2008). Based on data from the HC3 program, 10 out of 13
LARC users and 12 out of 20 SARC users continued their use at 6 months,
which gives 76.9% (10/13) and 60% (12/20) continuation rates for
LARC and SARC, respectively. We used a US payer perspective for our
analysis and included only direct medical costs. Baseline costs of con-
traceptives were based on the Red Book online database (Analytics et al.,
2020). We used data from the Centers for Disease Control and Preven-
tion to estimate Pennsylvania specific teen birth rates and pregnancy
outcomes (Power to Decide, 2020). We used consistent data in both
intervention and control arms except for continuation rates to minimize
reasons for variation. Any difference between the two arms can be
attributed to the intervention (HC3) and not to any other causes.

In the simulation experiments, we reported the number of averted
pregnancies as the difference in the projected number of pregnancies
between the HC3 program and routine care. We also calculated the
estimated healthcare costs for adolescents participating in the HC3
program and routine care. Finally, we calculated the incremental cost-
effectiveness ratio (ICER), which measures the average incremental
cost associated with one additional pregnancy averted.

3. Results
3.1. Baseline results

Table 2 summarizes results from our baseline analysis, which showed
that the total healthcare costs for adolescents participating in the HC3
program were $4,584/person (95% CI $4,367 - $4,799) compared to
$4,579/person (95% CI $4,364 - $4,793) for those receiving regular
family planning services after one year. Although the intervention pro-
gram would cost more compared to regular health care in one year, it
could prevent an additional 15 teen pregnancies per 1,000 adolescents
compared to regular health care based on the simulation results. The
ICER for the HC3 program was $309 per pregnancy prevented, which
was less than our willingness-to-pay threshold of $4,206 per pregnancy

Table 2
Baseline cost effectiveness results in 1, 3, and 5 years.

Costs ($) No. of ICER Less
pregnancies ($/pregnancy)  than
averted (per WTP
1000
persons)

Year Baseline 4,579
1 (4,364-4,793)
HC3 4,584 15 309 YES

(4,367-4,799)

Year Baseline 17,076
3 (16,669-17,483)
HC3 17,049 42 630 YES

(16,635-17,463)

Year Baseline 29,662
5 (29,131-30,193)
HC3 29,654 72 101 YES

(29,130-30,178)

Notes: Numbers in parentheses are 95% confidence intervals.
HC3 = Health Coaching for Contraceptive Continuation; ICER = incremental
cost-effectiveness ratio; WTP = willingness to pay=$4,206.
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(Kim et al., 2021; Kost et al., 2017). This means that the HC3 program
was cost-effective compared to regular health care.

3.2. Sensitivity analysis

Table 2 also presents results from one of our sensitivity analyses by
varying the time horizon from one to three, and five years. In a three-
year time frame, the cumulative healthcare costs for participants in
the HC3 program would be $17,049/person (95% CI $16,635 - $17,463)
compared to $17,076/person (95% CI $16,669 - $17,483) for regular
health care. The HC3 program would prevent 42 additional pregnancies
per 1,000 adolescents compared to regular health care over three years.
Thus, the HC3 program would be both cost-saving and cost-effective
after three years. In five years, the HC3 program would cost $29,654/
person (95% CI $29,130 - $30,178) compared to regular health care of
$29,662/person (95% CI $29,131 - $30,193). Provision of HC3 program
would cost less compared to regular health care and prevent 72 more
pregnancies per 1,000 adolescents. Our results showed that the longer
the HC3 program is implemented, the greater the cost savings and
pregnancies averted. A longer HC3 program would also lead to more
positive cost-effectiveness results.

We also conducted one-way sensitivity analysis by varying contin-
uation rates for LARC and SARC among participants in the HC3 program
(Table 3). We did not vary costs since cost parameters were assumed to
be the same under both the HC3 program and regular health care. Under
these conditions, the HC3 program continued to be cost-effective even
when the continuation rates for LARC and SARC were varied by 25%
compared to regular health care. In these sensitivity analyses, ICER
remained below the WTP threshold.

4. Discussion

This study applied a microsimulation model of teen pregnancy to
evaluate the impact of a systems-focused intervention—the HC3 health
coaching program—on pregnancy outcomes and healthcare costs. Our
findings indicate that the HC3 program would be cost-effective from a
public-payer perspective when compared to regular teen pregnancy
prevention services for adolescents. These findings are meaningful given
the fiscal pressure involved in the financing of public health programs
and healthcare services in teen pregnancy prevention, as well as poli-
cymakers’ desires to use public payer dollars more efficiently through
the support of cost-effective programs.

Beyond the return-on-investment perspective, this study builds on
the existing evidence supporting health coaching for pregnancy pre-
vention and behavior change (Goesling et al., 2014; Garney et al., 2019).
Data insights demonstrate positive uptake and maintenance of contra-
ceptive use among adolescents involved in health coaching, indicating
that program participants can successfully move through health transi-
tions potentially sustain such a behavior change. The health coaching
method utilizes a non-traditional, socioecological approach to building
complex health navigation skills and health-related knowledge by
incorporating tailored health education approaches using existing and
interventional interpersonal, community, and organizational-level in-
fluences. The simulation model provides a means to study the health and
economic impacts from these influences. In addition, results from
simulation modeling provide us with a solid foundation for larger, more
rigorous evaluation trials as this methodology helps evaluators to better
identify what to look for from an influence perspective, how and when to
measure this influence, and why the proposed systems-focused inter-
vention is important in a broader context (Green et al., 2013).

Our study provides promising data on the effectiveness and cost-
effectiveness of the multi-level teen pregnancy program to increase
and sustain uptake of contraception among the target population in
Philadelphia. Our modeling results are particularly valuable given the
limited data on the utility of contraceptive patient-centered counseling
approaches and the paucity of randomized clinical trials in this area
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Table 3
One-way sensitivity analyses over one year.
Variable Baseline Range (+/- Baseline ICER
(%) 25%) ICER range
SARC continuation 60 35-85 309 140-4,492
rate at HC3
LARC continuation 76.9 51.9-100 309 60-2,121
rate at HC3

Abbreviation: ICER = incremental cost-effectiveness ratio; SARC = short-acting
reversible contraception; LARC = long-acting reversible contraception; HC3 =
Health Coaching for Contraceptive Continuation.

(Hoopes et al., 2020). If the program is continued for a longer term and
at a larger scale, our modeling results indicate that it has the potential to
save public payer funding associated with reduced cases of teen preg-
nancies. These findings are relevant not only for the program as it is
currently designed, but for other programs and potential expansion to
other high-need areas in the United States.

Limitations of the present study include uncertainties around several
model parameters. Although our sensitivity analyses can partially ac-
count for the impact of these uncertainties, they cannot eliminate un-
certainties. Future research is needed to provide more empirical data to
inform the development of the simulation model and increase model
validity. In addition, while the teen pregnancy simulation model cap-
tures the influence of health coaching on contraceptive behaviors, the
model is a simplification of the real world and, thus, includes assump-
tions that need to be fully understood before interpreting the results.
Finally, our data were from only one health coaching program. It would
be better if we could have data from multiple programs to cross validate
the model development and research findings.

Despite these limitations, findings from this study may provide evi-
dence to support the implementation of the systems-focused health
coaching program at a larger scale or in other settings. If successful, this
effort could optimize public funding for teen pregnancy prevention,
promote more sustainable teen pregnancy prevention programs, and
potentially reduce teen pregnancy rate in the country.
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