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Abstract Background Research is needed to identify how clinical decision support (CDS)
systems can support communication about and engagement with tobacco use
treatment in pediatric settings for parents who smoke. We developed a CDS system
that identifies parents who smoke, delivers motivational messages to start treatment,
connects parents to treatment, and supports pediatrician–parent discussion.
Objective The objective of this study is to assess the performance of this system in
clinical practice, including receipt ofmotivational messages and tobacco use treatment
acceptance rates.
Methods The system was evaluated at one large pediatric practice through a single-
arm pilot study from June to November 2021. We collected data on the performance of
the CDS system for all parents. Additionally, we surveyed a sample of parents
immediately after the clinical encounter who used the system and reported smoking.
Measures were: (1) the parent remembered the motivational message, (2) the
pediatrician reinforced the message, and (3) treatment acceptance rates. Treatments
included nicotine replacement therapy, quitline referral (phone counseling), and/or
SmokefreeTXT referral (text message counseling). We described survey response rates
overall and with 95% confidence intervals (CIs).
Results During the entire study period, 8,488 parents completed use of the CDS: 9.3%
(n¼786) reported smoking and 48.2% (n¼ 379) accepted at least one treatment. A
total of 102 parents who smoke who used the system were approached to survey 100
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Background and Significance

The health toll of smoking is severe,1 and there is no safe
level of secondhand smoke (SHS) exposure.2 SHS exposure
among children increases the risk of sudden infant death
syndrome, chronic respiratory diseases, such as asthma, and
lung cancer in adulthood.2 More than 40% of children in the
United States are regularly exposed to the harms of SHS,
most often by a parent.1,3 Parents who quit smoking can
increase their own life expectancy,4 eliminate the majority
of their children’s SHS exposure,1 and decrease the risk of
their children becoming adult smokers.5 Pediatric clinicians
can protect children from SHS exposure by promoting
evidence-based tobacco use treatment for parents who
smoke.6,7 Evidence-based smoking cessation treatments,
however, are rarely delivered in pediatric settings.8 Major
barriers to wider adoption include a lack of methods to
support effective pediatrician–parent communication re-
garding tobacco use treatment and mechanisms to system-
atize, consistently deliver, and scale effective intervention
delivery.8–10 This article describes preliminary evaluation of
an innovative clinical decision support (CDS) system em-
bedded within the electronic health record (EHR) to address
these barriers.

In pediatric settings, tobacco use treatment messages to
parents that emphasize the impact of smoking on their child
may increase acceptance of cessation treatment.11,12 Prior
research suggests that messages to parents about their
smoking should focus on child health rather than, for exam-
ple, the financial impact of smoking.11 Incorporating foun-
dational elements of motivational interviewing, framing
conversations to address concerns unique to parents, can
increase engagement and intrinsic motivation as well as
perceived clinician empathy.13,14 These motivational mes-
sages may improve conversations around parent smoking,
potentially increasing treatment engagement.

CDS systems may help deliver messages that promote
parent–provider communication while facilitating treat-
ment engagement. For instance, in adult health care set-
tings, CDS systems can support evidence-based clinical
conversations between physicians and patients about dia-
betes medications15 and support self-management.16 Addi-
tionally, CDS systems can improve the delivery of clinical
interventions for tobacco use in adult settings.17–21 Further,

other communication modalities geared toward adults,
including internet-based or app-based services, may pro-
mote smoking cessation.22–25 In pediatric settings, CDS
systems have shown potential to support screening for
SHS exposure and facilitate the connection to and delivery
of evidence-based tobacco treatments.26–31 These systems,
however, have not been widely integrated into pediatric
settings due to critical pediatric EHR workflow limitations,
especially the inability to account for the family aspect of
child health care.32,33 EHR vendors often develop techno-
logical services for the physician–adult patient dyad and are
unable to connect family relationships, making it difficult to
leverage existing technologies to support care for parents
through pediatric settings.34 For CDS systems to be effective
in addressing parent tobacco use in pediatric settings, the
interface needs to be responsive to the needs of the child’s
health care team and family as a whole, supporting com-
munication with and treatment delivery to all household
members.35

Objective

We developed a CDS system, using human-centered design
(HCD) processes,36–41 that identifies parents and other
household members who smoke, delivers motivational
messages to start treatment, connects to evidence-based
tobacco treatment, and supports further pediatrician–par-
ent discussion about treatment, as needed.42 We sought to
evaluate if the CDS system led to the communication of
messages that were reliably delivered and remembered by
parents. Thus, our objective was to assess the performance
of this system in clinical practice, including receipt of
motivational messages and tobacco use treatment accep-
tance rates.

Methods

Overall Design
We developed the CDS system42 and tested it through a
single-arm intervention study. We collected data on the
performance of the CDS system for all parents. Additionally,
we surveyed a sample of parents who smoke and used the
CDS system to estimate the following measures: (1) if the
parent remembered the key motivational message, (2) if the

parents (98% response rate). Most parents self-identified as female (84%), aged 25 to
34 years (56%), and Black/African American (94%), and had children with Medicaid
insurance (95%). Of parents surveyed, 54% accepted at least one treatment option.
Most parents recalled the motivational message (79%; 95% CI: 71–87%), and 31% (95%
CI: 19–44%) reported that the pediatrician reinforced the motivational message.
Conclusion A CDS system to support parental tobacco use treatment in pediatric
primary care enhanced motivational messaging about smoking cessation and evi-
dence-based treatment initiation.
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pediatric clinician reinforced the message, and (3) parent
tobacco use treatment acceptance rates.

Study Setting, Participants, and Recruitment
This study took place at one high-volume outpatient primary
care pediatric practice (�30,000 pediatric patients) from
Children’s Hospital of Philadelphia (CHOP’s) Pediatric Re-
search Consortium, a highly productive practice-based re-
search network.43 The study clinic is located in West
Philadelphia, serving a patient population with high rates
of adult smoking (25–30%)44 and high rates of Medicaid
insurance. Participating pediatric clinicians at the clinic
include all physicians, resident physicians, and nurse practi-
tioners. For the survey, the inclusion criteria were
parents/caregivers (hereafter referred to as parents) who
self-identified as using any combustible tobacco products
(i.e., cigarettes, cigars, Black and mild cigars, or hookah)
through the CDS system, aged � 18 years, present at their
child’s preventive visit (well-childcare), and able to commu-
nicate in English. Responses to the CDS system, available
within the child’s medical record, were reviewed to identify
potentially eligible parent participants. When research staff
were onsite (�3 d/wk based on staff availability), all parents
were approached after their visit with the pediatric clinician
to complete a brief survey about the office visit on a tablet or
laptop with the assistance of the research assistant. We
received awaiver of informed consent for survey completion
and chart review. The study was approved by the CHOP
Institutional Review Board.

Intervention: Clinical Decision Support System
We developed the CDS system using an HCD process that
engaged pediatricians, clinical staff, and parents who smoke
in a series of iterative, scenario-based usability testing
sessions that captured a range of objective and subjective
metrics on CDS system usability, utility, and intent to use.
Participants from each cohort were presentedwith scenario-
based, high-fidelity mockups of system components and
then provided input related to their role in using the CDS
system.42 This work was performed by a multidisciplinary
team with expertise in pediatric primary care, smoking
cessation, CDS, HCD and human factor methods, and soft-
ware engineering.27,29,36–41 An overarching theme of the
design review sessions across all cohortswas automating key
functions as much as possible. Further, all cohorts supported
directly screening parents for tobacco use and automatically
directing and connecting them to treatment. These
approaches were suggested to overcome critical pediatric
EHR workflow limitations that made it difficult to both
document and connect the parents of patients to tobacco
use treatment.42

The CDS system has parent- and clinician-facing compo-
nents (►Fig. 1). The parent-facing portion of the system is a
survey that supports directly screening parents for smoking
both in the office on a tablet or amobile device and before the
pediatric patient’s visit via a patient portal, to decrease the
burden of in-office completion. This survey is sent to the
parent once a year at a scheduled preventive care visit. If the

parent indicates they are a smoker on the survey, the parent
portion of the systemdisplays a simple and succinctmessage
designed to motivate treatment engagement (►Fig. 2). This
message, developed based on concepts from behavioral
economics, emphasized to parents the impact of smoking
on their child’s health.11,12 Next, the parent is presented
three treatment options for them to consider: (1) nicotine
replacement therapy (NRT), (2) quitline, and/or (3) Smoke-
freeTXT. The quitline offers telephone-based counseling and
is an effective and scalable program that helps smokers
quit.45 SmokefreeTXT, also shown to be effective in helping
smokers quit,46 sends automated text messages that provide
adults who smoke with encouragement, advice, and tips to
quit smoking. Connection or referral to each of the treatment
options is streamlined, meaning NRT is delivered to the
parent’s home (via a pharmacy delivery company) and the
quitline and SmokefreeTXT programs proactively contact
parents to begin treatment. See the Appendix for the full
parent-facing system, including screening items and treat-
ment workflows.

The pediatric clinician is notified of the parent’s and other
family members’ smoking status and parent treatment
selections within the clinician portion of the system
(►Fig. 3). The system includes information to help the
clinician inwhat is often perceived as a difficult conversation
about smoking,47 with simple guidance on key conversation
prompts that motivate treatment, including the key mes-
sages presented to parents in the parent portion of the CDS
system.

Study Procedures
Parents who used the CDS system and self-identified as
smokers were surveyed immediately after the clinical en-
counter by research staff. The brief survey asked if the parent
remembered the motivational message included in the CDS
system (“quitting smoking will improve your child’s health
by preventing respiratory illnesses like coughs, colds, and
wheezing”), whether or not the pediatrician asked about
their responses in the CDS system, and if the pediatrician
communicated the samemotivational message, as suggested
by the pediatrician-facing portion of the CDS system. Addi-
tionally, to account for potential social desirability bias, the
survey asked the parent if they remember content that was
not actually included in the CDS system. Parent age, gender,
race/ethnicity, as well as patient/child age and medical
insurance status were also collected via the survey to help
best understand the representativeness of the population
surveyed. The CDS systemdata for the surveyed parentswere
collected and analyzed.

Measures and Analysis
We collected data on the performance of the CDS system
for all parents, including the number of parents who
completed the CDS system, rates of parent reported smok-
ing and, for those that reported smoking, acceptance of
tobacco use treatments. For the after-visit survey, the main
measures included if the parent remembered the key
motivational message, if the pediatrician reinforced the
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Fig. 1 Intervention flow diagram: an automated system that identifies parents who smoke, delivers motivational messages to start treatment,
connects to treatment, and supports pediatrician–parent discussion.
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message, and treatment acceptance rates (collected via the
CDS system). Parent responses to the survey were described
overall and presented with 95% confidence intervals (CI).
We calculated that surveying a sample of 100 parents would
be feasible based on the availability of research assistants.
Further, we estimated that a message recall rate of 75% was
a reasonable target and that our proposed sample would
provide a tight 95% CI for whether or not these messages
were recalled by the parents (e.g., message recall rate 75%;
95% CI: 73–77%).

Results

During the entire study period and including parents sur-
veyed about the encounter and those not surveyed, 10,679

surveys were sent to parents and 8,488 parents completed
the parent-facing component of the system (response rate:
79.4%). Of parents who completed the system, 9.3% (n¼786)
reported smoking and 48.2% (n¼379) accepted at least one
evidence-based treatment.

We surveyed 100 parentswho smoke at one large pediatric
clinic from June to November 2021. A total of 102 parentswho
smoke were approached (98% response rate). Most parents
self-identified as female (84%), aged 25 to 34 years (56%), and
Black/AfricanAmerican (94%), andhad childrenwithMedicaid
insurance (95%). See ►Table 1 for demographics.

Of the 100 parents surveyed, 54% accepted at least one
evidence-based tobacco use treatment: 49% SmokefreeTXT,
40% quitline, and/or 33% NRT. Most parents reported re-
membering reading the motivational message about how

Fig. 2 Parent clinical decision support system screen: motivational message for parents who smoke.

Fig. 3 : Pediatric clinician clinical decision support system screen: main view
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quitting smoking will improve their child’s health (79%; 95%
CI: 71–87%). Additionally, almost all parents correctly iden-
tified the negative control questions as messages that were
not actually included in the parent CDS system. Meaning, for
example, most parents correctly reported not remembering
a message about how to best clean their clothes after
smoking (92%; 95% CI: 87–97%). Slightly over half of parents
reported that, during the visit, the pediatric clinician asked
about their responses in the CDS system (53%; 95% CI: 43–
63%). Approximately one-third of all parents surveyed (31%;
95% CI: 19–44%) reported the pediatrician used the sug-
gested motivational message with them during the encoun-
ter (►Table 2).

Discussion

A CDS system to support parental tobacco use treatment in
pediatric primary care successfully triggered evidence-based
tobacco cessation messaging to parents. Half of parents

accepted evidence-based tobacco treatment. Of parents sur-
veyed, most remembered themotivational message. Further,
the system influenced the pediatrician–parent conversation,
with approximately one-third of parents reporting that the
pediatrician reinforced the motivational message with them
during the clinical conversation.

This preliminary study fills an important gap in our
understanding of how to leverage CDS systems to reliably
deliver a message to families about tobacco cessation that
they remember and that is commonly reinforced by clini-
cians. To enhance cessation rates, it is critical for health care
providers to consistently identify smokers, advise them to
quit, and offer evidence-based cessation treatments.48

According to surveys of current smokers, of those who
attempted to quit smoking in the past year, 31.2% used
counseling and/or medication.49 According to the National
Ambulatory Medical Care Survey (based on a national
sample of visits for adults>18 y old to ambulatory medical
care services in the United States), of individuals who
currently smoke and who visited a physician in the past
year, 20.9% received physician tobacco counseling during
the visit, and only 7.6% received a prescription or an order
for a medication associated with tobacco use treatment.50

Our results suggest our system performed better than this
patient-reported data. By developing a CDS system that
supports pediatrician–parent communication and system-
atizes key processes related to tobacco treatment, our
approach streamlines clinical workflows to support tobacco
use treatment engagement.

Our study has several limitations. First, we do not yet have
data on the CDS system’s impact on parent smoking cessa-
tion rates. Our preliminary evidence suggests that parents
remembered the key recommendations about quitting
smoking, recalled pediatric clinicians provided evidence-
based counseling, and accepted evidence-based tobacco
treatment. All of these activities are strong predictors of
tobacco cessation.48 Second, we limited tobacco use treat-
ment pharmacotherapy to NRT. Practice concerns limit
pediatrician willingness to prescribe varenicline or bupro-
pion. As comfort levels change, pediatrician prescribing may
change. In the interim, counseling via connection to the
quitline combined with NRT use is effective in helping
smokers quit, with meta-analyses estimated quit rates
(95% CI) of 28.1% (24.5–32.0).13 Third, while we sought a
representative sample of parents who smoke for the survey,
the present sample was not representative of all parents in
our health system and may not be representative of all
parents who attend pediatrics visits with their children.
The sample is heavily weighted to parents who are female,
African American, and whose children have Medicaid insur-
ance. Fourth, parent responses to the surveysmay not reflect
all the potential aspects of the clinical conversation around
tobacco use and may be prone to social desirability bias. We
attempted to mitigate this potential bias with control ques-
tions for content not presented in the CDS system. Finally, the
CDS system to support parent tobacco use treatment was
limited to a single institution as part of a research effort and
no comparison group was included.

Table 1 Demographics

N¼ 100 N (%)

Parent age (y)

18–24 3 (3%)

25–34 56 (56%)

35–44 33 (33%)

45–54 8 (8%)

Parent gender

Man 16 (16%)

Woman 84 (84%)

Parent race

White 2 (2%)

Black or African American 94 (94%)

Asian 1 (1%)

American Indian or Alaska Native 1 (1%)

Other 3 (3%)

Missing 1 (1%)

Parent ethnicity

Hispanic or Latino 1 (1%)

Not Hispanic or Latino 99 (99%)

Child health insurance

Medicaid 95 (95%)

Private 5 (5%)

Child age

0–6 mo 11 (11%)

7 mo–2 y 35 (35%)

3–5 y 13 (13%)

6–10 y 22 (22%)

11–14 y 14 (14%)

15 y and older 5 (5%)
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Conclusions

A CDS system to support parental tobacco use treatment in
pediatric primary care enhanced motivational messaging
about smoking cessation and treatment initiation. This pre-
liminarywork justifies evaluating the impact of the system on
rates of smoking cessation. A randomized control trial is
underway evaluating the CDS system’s effectiveness in help-
ing parent smokers quit (https://clinicaltrials.gov/ct2/show/
NCT04974736).

Clinical Relevance Statement

This article describes preliminary evaluation of an innovative
CDS system embedded within the EHR to identify parents
who smoke, deliver motivational messages to start treat-
ment, connect to evidence-based treatment, and support
further pediatrician–parent discussion about treatment. We
assessed the performance of this system in clinical practice,
including receipt of motivational messages and tobacco use
treatment acceptance rates, through use of parent surveys
and data available from the CDS system. For parents sur-

veyed, most recalled themotivationalmessage, 31% reported
the pediatrician reinforced the motivational message and,
overall, 54% of parents accepted at least one treatment
option.

Multiple-Choice Questions

1. One of the key features of HCD approaches are:
a. A formatting system for displaying material within the

EHR
b. Information present at the right time in the work-

flow
c. Active user involvement in the development process
d. A stochastic analysis describing a sequence of possible

events

Correct Answer: The correct answer is option c. Human-
centered design approaches, guided by usability experts,
involves an analysis of the work environment, active user
involvement in the development process, iterative sys-
tems development, and testing systems in real-word
settings

Table 2 Parent survey responses

Response N (%); 95% confidence
interval [CI]

Question about motivational message included in the CDS system

Do you remember a message, in the survey you filled out, that talked about how quitting
smoking will improve your child’s health? N¼100

Yes 79 (79%); 71–87%

No 21 (21%); 13–29%

Control questions (this content was not included in the CDS system)

Do you remember a message, in the survey you filled out, about how to best clean your
clothes after smoking? N¼100

Yes 8 (8%); 3–13%

No 92 (92%); 87–97%

Do you remember amessage, in the survey you filled out, about the harms of roll your own
tobacco? N¼100

Yes 15 (15%); 8–22%

No 85 (85%); 78–92%

Questions about pediatrician portion of the visit

As part of your visit, did the pediatrician ask you about the smoking survey you filled out?
N¼ 100

Yes 53 (53%); 43–63%

No 47 (47%); 37–57%

Of parents who reported that the pediatrician asked about the survey (N¼53)

Do you remember the pediatrician saying that “quitting smoking will improve your child’s
health by preventing respiratory illnesses like coughs, colds, and wheezing?”a

Yes 31 (58%); 45–72%

No 22 (42%); 28–55%

aPercentages reported for the 53-parent sample who reported that the pediatrician asked about the survey.
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2. The CDS system to help parents quit smoking described in
this study has which of the following features:
a. Screening for parent tobacco use
b. Providing motivational messages to start treatment
c. Connecting to evidence-based tobacco use treatments
d. All of the above

Correct Answer: The correct answer is option d. The CDS
system described in this study identifies parents and
other household members who smoke, delivers motiva-
tional messages to start treatment, connects to evidence-
based tobacco treatment, and supports further pediatri-
cian–parent discussion about treatment.
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