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ABSTRACT

BACKGROUND: Adolescent pre-visit screening on patient-gen-
erated health data is a common and efficient practice to guide
clinical decision making. However, proxy informants (eg,
parents or caregivers) often complete these forms, which may
lead to incorrect information or lack of confidentiality. Our
objective was to improve the adolescent self-report rate on
pre-visit screening.

METHODS: We conducted an interventional study using an
interrupted time series design to compare adolescent self-
report rates (percent of adolescents ages 12—18 years
completing their own pre-visit screening) over 16 months
in general pediatric ambulatory clinics. We collected data
using a computerized clinical decision support system with
waiting room electronic tablet screening. Preintervention
rates were low, and we created and implemented 2 elec-
tronic workflow alerts, one each to the patient/caregiver
and clinical staff, reminding them that the adolescent
should answer the questions independently. We included
the first encounter from each adolescent and evaluated
changes in adolescent self-reporting between pre- and

postintervention periods using interrupted time series
analysis.

RESULTS: Patients or caregivers completed 2670 qualifying
pre-visit screenings across 19 preintervention, 7 intervention,
and 44 postintervention weeks. Self-reporting by younger ado-
lescents nearly doubled, with a significant increase of 19.3 per-
centage points (confidence interval [CI], 9.1—29.5) from the
baseline 20.5%. Among older adolescents, the stable baseline
rate of 53.6% increased by 9.2 absolute percentage points (CI,
—7.0 to 25.3). There were no significant pre- or postinterven-
tion secular trends.

CoNCLUSIONS: Two automated alerts directing clinic person-
nel and families to have adolescents self-report significantly
and sustainably improved younger adolescent self-reporting
on electronic patient-generated health data instruments.

KEY WORDS: adolescent; confidentiality; patient-reported out-
comes; quality improvement; screening
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WHAT'S NEW

Caregivers frequently completed pre-visit screening
intended for adolescents, especially among younger
teens. Electronic workflow alerts sustained a nearly
doubled adolescent self-report rate in younger teens,
and older teen self-report rates were sustained between
half and two-thirds of screenings.

PATIENT-GENERATED HEALTH DATA, including patient-
reported outcomes (defined as measurement of a patient’s
health coming directly from the patient),' health risks,
and behaviors can guide clinical decision making.” "
Clinical practices may use unsupervised, self-adminis-
tered screening, or history questionnaires before a clinical
visit to gather these data. After the forms are completed
(often in the waiting room), they may be collected by
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clinic personnel for a medical provider to review and later
integrate into medical decision-making and the visit docu-
mentation. Although these forms traditionally are offered
on paper, they increasingly are converted to an electronic
format and use tablets or kiosks in the waiting room, or
even the patient’s own computer at home, to gather
responses.5 ¢

Pediatric care introduces complexity to this method
because the patient may be unable to answer some ques-
tions posed on these forms due to developmental stage or
cognitive function. In those instances, a separate informant
(often the caregiver) can submit answers on behalf of the
child. However, as children grow more independent in
adolescent years, their own perspectives may differ from a
caregiver’s responses.” This discordance is especially evi-
dent in sensitive topics such as substance abuse or sexual
activity,'”'" where confidential reports from the adolescent
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are considered the standard of care.'” Given the prevalence
and consequences of these behaviors, questionnaires
appropriately targeted to adolescents should be completed
independently and confidentially by capable patients.'*'*
However, a 2015 national survey showed parents reported
filling out 65% of these types of medical forms without
the teen’s involvement."”

We suspected that caregivers in our clinics were simi-
larly completing screening forms designed for adolescents.
Our objective was to improve the rate of adolescents com-
pleting their own patient-generated health data on pre-visit
screening questionnaires. We hypothesized that the prein-
tervention self-report rate in this setting would be low. We
also hypothesized that the self-report rate would increase
following an implementation of an alert directing adoles-
cents to complete the screening instruments on their own.
We hypothesized both the secular trend and immediate
level of adolescent informant self-report rate would
improve after our interventions.

METHODS

CONTEXT

The Child Health Improvement through Computer
Automation (CHICA) system is a computerized clinical
decision support system used in 5 urban, ambulatory pedi-
atric clinics in the Eskenazi Health system, Indianapolis,
Indiana. These safety-net county health system clinics
serve a racially- and ethnically-diverse (approximately one
half are African-American, one quarter are Hispanic, and
10% are white) and predominantly low-income population
(approximately 85% with public insurance). CHICA has
been described previously in the medical and informatics
literature.™'® To summarize, after a patient registers in the
clinic, CHICA receives a registration message with patient
demographic data and prepares a prescreening form (PSF)
of up to 20 yes/no patient-generated health data questions.
The PSF answers are returned to CHICA to create action-
able decision support recommendations for clinicians. The
clinicians record their actions on the clinician-facing
website integrated into the electronic health record for use
in later encounters and visit documentation. CHICA is
embedded into the routine workflow and has served
>8000 patients in more than 415,000 encounters.

Throughout this study, we refer to patient-generated
health data, but acknowledge in pediatrics these are
often caregiver-reported. For patients <12 years of age,
CHICA administers PSF questions that ask for observa-
tions from caregivers, whereas patients >12 years are
instructed through generic on-screen header text to
directly report their own answers (Fig. 1). The questions
on the PSF health risk assessment cover general topics
like smoking in the home, car safety, developmental
milestones, school performance, media use, and social
determinants of health (eg, food and housing insecurity).
In addition, the adolescent PSF includes questions that
target sensitive topics, like sexual activity, reproductive
health, physical and sexual abuse or violence, depression
(eg, Patient Health Questionnaire-2, which reflexes to
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Patient Health Questionnaire-9), suicidality, or sub-
stance use (eg, the CRAFFT Screening Test). The ques-
tions were worded for the lowest reading level possible
while maintaining the core components of the question,
and many were adapted from standardized instruments.
The core text of the questions did not change based on
an adolescent’s age and usually included a personaliza-
tion such as the patient’s name or a second-person
pronoun.

CHICA leverages a custom Android tablet application
called CHICLET to elicit the patient-generated health
data.'” The previsit screening workflow follows and is
described in Figure 1.

1. When a patient arrives at the clinic and is registered in
the electronic health record for a face-to-face visit
with a clinician (including well, follow-up, or sick
visits), the patient’s name will display on a list in the
CHICLET application.

2. A receptionist staff member obtains one of many
available tablets, selects the patient from the list, and
delivers the tablet to the patient, usually in the waiting
room.

3. CHICLET asks the patient or caregiver to confirm
their identity.

4. CHICLET displays a questionnaire that has a dynamic
set of up to 20 questions built from a prioritized list of
medical logic modules, as well as further indicated
screening (eg, Modified Checklist for Autism in
Toddlers, Revised with Follow-Up or Patient Health
Questionnaire-9). The patient or caregiver completes
the questionnaire in the waiting room (most often),
vitals station, or examination room as time and clinic
circumstances allow.

5. [Added as part of study] CHICLET displays a page at
the end of the questionnaire to determine who
answered the questions on the tablet, asking, “What is
your relationship to <Patient Name>?"

INTERVENTION

We implemented 2 alerts to encourage adolescent
patients to complete their own PSF on CHICLET. One
alert reminded clinic staff that the patient should fill out
the questionnaire if the patient was at least 12 years old.
The second did the same for the patient’s family. The first
alert was displayed when the clinic staff selected the
patient on the tablet (before the tablet is given to the
patient, as part of the aforementioned step 2), as shown in
Figure 1. This alert said, “Please tell the family that
<Patient Name> should answer each question.” Since the
clinic staff had been previously instructed to do this in
their routine workflow, this alert served as a reminder of
existing protocol.

The second alert displayed once the patient or person
completing the questionnaire clicked the “Confirm” but-
ton (after the aforementioned step 3). This patient-facing
alert said, “These questions should be answered by
<Patient Name> in private.” The alert for the patient or
caregiver launched on December 18, 2016, and the alert
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Informant

Parents: Thank you for answering these questions about your child. The answers will help your
doctor provide better quality of care. If your child is age 12 or older, he/she should answer the
questions privately. Answers are confidential, but if you prefer not to answer that is allowed. You
may want to talk about these questions with your doctor.

1) Please return the device back to the front desk if the patient information listed is incorrect.
2) Please confirm this form is for:

Name: Jane Doe
Date of Birth: 3/14/2003

\

Screening

Are you interested in talking about birth control with your doctor today?

Yes No N/A
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Staff selects Alert for clinical staff

onfidentiality Notice
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Please tell the family that Jane should answer
each question.

instructions and
confirmation

These questions should be answered by Jane

in private.

begins

Figure 1. Baseline prescreening workflow (left) and study intervention alerts (right) on electronic tablets.

for clinic staff launched on February 1, 2017. Although
both alerts originally were planned and built for a concur-
rent release, we initiated the patient-facing alert first to
reduce clinic staff alert burden and see if it would have
any effect alone. Our preliminary monitoring over a few
weeks did not show a convincing effect, so we released
the patient-facing alert at the next possible software
upgrade. We consider the time span between the 2 alerts
to be our intervention period.

MEASURES

We collected data continuously between August 8,
2016, and December 10, 2017. We divided our study into
3 periods: preintervention, from August 8, 2016, to
December 17, 2016; intervention, from December 18,
2016, to February 1, 2017; and postintervention, from
February 2, 2017, to December 10, 2017. On the first day
of the preintervention period, we implemented a question
on the prescreening tablet to determine who completed
the PSF (eg, “What is your relationship to <Patient
Name>?"). We included only the first encounter for each
patient and further restricted to patient encounters in
which: 1) the patient was between 12 and 18 years old; 2)
at least 10 items were completed on the PSF (to exclude
minimally completed forms); and 3) the informant ques-
tion was answered. We defined the adolescent self-report
rate as the number of PSF with respondent identified as
“self” divided by the total number of PSF completed per
the aforementioned criteria.

ANALYSIS

Our primary data monitoring during the preintervention
time period stratified the patients by age in years, and we
identified an apparent break in the self-report trends of
younger versus older patients. We decided a priori to eval-
uate our intervention with an age break at 15 years old,

thus dividing our patient population into groups of 12- to
14-year-old (“younger adolescents”) and 15- to 18-year-
old (“older adolescents”) youth. We chose this age cutoff
as it provided relatively balanced group samples and rep-
resented a period when adolescents are more indepen-
dently recognized (eg, established in high school, able to
obtain learner’s permit for driving). There was insufficient
time between the 2 intervention components to assess
their effects independently, so data between the interven-
tions were censored from analysis. Since the interventions
were applied uniformly to all clinics, we analyzed our
data at the health system level. We aggregated our data by
week and tested our interventions with an interrupted
time series analysis using segmented regression.'® We
chose this method because we sought generalizable
knowledge from our quasi-experimental design.'® In addi-
tion, this approach provided statistical details on secular
trends in the pre- and postintervention periods. We tested
for serial autocorrelation using the Breusch-Godfrey test.
This project was exempt from institutional review board
review, being classified as non-human subjects research
by the Institutional Review Board at Indiana University.
R statistical software (version 3.5.0; R Foundation for Sta-
tistical Computing, Vienna, Austria) was used for all sta-
tistical analyses.”’

REesuLTs

There were 2670 initial patient encounters within our
study period that met our inclusion criteria (Fig. 2). The
primary exclusions happened when patients or families
were not given a tablet questionnaire to complete, which
typically happened because of temporary clinic workflow
situations or when patients presented at a site’s adoles-
cent-focused clinic that did not use CHICA. For patients
who received a tablet and completed at least 1 question,
more than 88% continued to complete at least 10
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| 5224 patients age 12-18 years |

——

Excluded 510 inside

| intervention time period

| 2475 pre-intervention | |2239 post-intervention |
Excluded*: Excluded*:
1268 fewer than 10 items completed (51%) 769 fewer than 10 items completed (34%)
1385 did not complete informant question (56%) | 1066 eligible | | 1365 eligible | 869 did not complete informant question (38%)

Figure 2. Study participant flow diagram. *Not mutually exclusive criteria.

Table 1. Study Demographics

Characteristic All Patient Encounters Preintervention Encounters Postintervention Encounters

n (%) 2431 1066 (43.9) 1365 (56.1)
Age group, n (%)

Younger adolescents (age 12—14y) 1527 (62.8) 631 (59.2) 896 (65.6)

Older adolescents (age 15—18y) 904 (37.2) 435 (40.8) 469 (34.4)
Questionnaire respondent, n (%)

Self 926 (38.1) 341 (32.0) 585 (42.9)

Mother 1185 (48.7) 558 (52.3) 627 (45.9)

Father 152 (6.3) 80 (7.5) 72 (5.3)

Other (aunt, grandparent, sibling, other) 168 (6.9) 87 (8.2) 81(5.9)
Sex, n (%)

Male 1264 (52.0) 564 (53.0) 700 (51.3)

Female 1166 (48.0) 501 (47.0) 665 (48.7)

questions and the informant question. After censoring the
intervention weeks, there were 2431 encounters in the
nonintervention time periods, with an average of 14.4
encounters per week (standard deviation [SD] 8.6) among
older adolescents and 24.2 encounters per week (SD 11.7)
with younger adolescents. The mean patient age was
14.0 years (SD 1.8). Table 1 further characterizes our
descriptive data.

Figure 3 demonstrates the adolescent self-report rate by
age across the pre- and postintervention time periods.
These rates range from a low of 9% in 12-year-old
patients preintervention to a high of 79% in 18-year-old
patients at both pre- and postintervention. The self-com-
pletion rates changed most for the younger adolescent
ages and in 17-year-olds actually decreased slightly after

184 . .
8 @ Pre—-intervention 64

174 ® Post-intervention 79

161 O—a
15 o0

141 o—0

181 o—o0
12{@——0

20.0%

Age

40.0% 60.0% 80.0%

Adolescent self-report rate

Figure 3. Change in adolescent self-report rate, averaged over
pre- or postintervention time period, by age.

the intervention. When split by age group, the median
self-report rate increased from 18.9% to 35.0% and
48.0% to 58.1% in younger and older adolescents, respec-
tively.

Figure 4 displays a run chart of adolescent self-report
rates, and Table 2 shows results from the interrupted time
series analysis regression. We did not find sufficient evi-
dence of autocorrelation (such as an underlying cyclical
pattern) in the time series for younger (P =.16) or older
(P=.26) adolescents. Youth <15 years had a stable
(P =0.63, indicating a slope or trend over time of zero)
preintervention 20.5% self-completion rate, which signifi-
cantly increased by 19.3 absolute percentage points (con-
fidence interval [CI], 9.13—29.5), or a 94% relative
increase, after the intervention. Among older adolescents,
the stable (P =.40) baseline rate of 53.6% increased by
9.2 absolute percentage points (CI, —7.0 to 25.3) after the
intervention, which was not significant at alpha=0.05.
There were no significant ongoing trends in the postinter-
vention periods for either age group or all adolescents as a
whole. In the whole group analysis, there was a significant
increase of 15.5 absolute percentage points (CI, 7.1—-23.8)
from the preintervention baseline of 35.8%. Since our pre-
intervention data showed an increase in self-report rate
after 16 years old (Fig. 3), we conducted a sensitivity
analysis by substituting an age break at 16 years old.
There was no substantial change to our results using this
higher age cutoff.

Discussion

In this study, we established our baseline adolescent
response rate for prescreening health questions within a
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Figure 4. Run chart of adolescent self-report rate across preintervention, intervention, and postintervention periods.

large, urban, general pediatric ambulatory care setting.
After finding the majority of the responses were not gen-
erated by the adolescent patients themselves, we also
implemented 2 workflow alerts to remind clinic staff and
families who should complete the screening form. Our
intervention was associated with a significant increase in
the rate of self-reporting among younger adolescents.

In our data, the adolescent self-report rate was clearly a
function of age (Fig. 3). As we expected, the greatest self-
report rate was in the oldest adolescents who are more
likely to assert independence or even visit the clinic alone.
Our intervention had the strongest effect at younger ages;
the self-report rate more than doubled for 12-year-olds.
For younger adolescents, parents were, no doubt, used to
filling out the forms for their children. This may have
been their first experience having their teens provide their
own health information. However, even after our inter-
vention, fewer than one half of adolescents <16 years of
age completed their own pre-visit surveys. Proxy
responses from parents can systematically bias or dimin-
ish the utility of questions assessing sensitive behaviors
for adolescents, including substance use, eating disorders,
and sexual activity.'””" A clinician’s medical decision
making may be affected by both false-positive results
(informant erroneously reports an assumed risky behavior
in adolescent) or false-negative results (informant errone-
ously denies an unknown risky behavior in adolescent)
resulting from parents reporting on behalf of their teens.
Another negative effect of parents completing health risk
assessments is that providers may begin to appropriately
doubt the veracity of the answers when the “self-report”

forms have answers that contradict the youth’s answers in
the clinical interview. We suggest that patient-reported
outcomes and health risk assessments in domains where a
non-patient informant could be the respondent should
carry an attribute of informant identity, similar to a state-
ment of data provenance. The clinician can assess the
screening’s likelihood of veracity based on the type
of question (common household knowledge versus sensi-
tive topic) and the informant’s identity (adolescent vs
caregiver).

We found a significant change in the rate of younger
adolescent self-report rates, but it was still far from ideal.
Older adolescents were naturally assuming more indepen-
dence at baseline, and our intervention did not signifi-
cantly increase their self-report rates. It is possible that
these patients regularly attending their general pediatric
appointments in their later adolescent years are a more
engaged population at baseline, and we reached a natural
ceiling in their self-report rates. This limit could be due in
part to health literacy and the reading level of the ques-
tions, our clinic workflow, or even our ability to detect it
with our measures. For example, the self-report rate may
be partially underestimated if an adolescent starts the
screening but their caregiver finishes it and answers the
informant question. The clinics involved in this study
were general pediatrics clinics that saw adolescents, and it
is possible a more focused teen clinic would produce a
greater adolescent self-report rate. In-person observation
or follow-up interviews—not done in our study—could
help determine the extent of these factors’ contributions.
In addition, we suspect some clinic personnel or families
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Table 2. Interrupted Time Series Regression Parameters for an Adolescent Self-Report Rate Intervention

Age 15—-18

53.6" (39.3—68.0)
~0.5(-1.8100.7)

Age 12—14
20.5* (11.5—29.6)

All adolescents (95% confidence interval)

35.8" (28.4—43.3)
~0.5(-1.1100.2)

15.5% (7.1-23.8)

Preintervention mean adolescent self-report rate (baseline)

GROUT ET AL

~0.2(~1.0100.6)
19.3* (9.1-29.5)

Preintervention trend (change in adolescent self-report rate per week)

9.2 (~7.0t025.3)
0.8 (—0.5t02.1)

Postintervention change in mean adolescent self-report rate (intervention)
Postintervention trend (change in adolescent self-report rate per week)

0.2(~0.7t01.0)

0.5(~0.2t0 1.2)

Adolescent self-report rate shown as a percentage.

*P <.001.
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ignored the alerts, as may be expected with pop-up alert
interventions. Although interruptive alerts can be used
effectively to guide users in health care software function-
ality,”” alert fatigue is a real phenomenon that manifests
after repeated alert exposure.”

Our systematic change showed stable secular trends after
the interventions. In-person skills training with role-playing
or providing a specific script to clinic personnel may help
achieve ongoing improvement. Most adolescents visit gen-
eral pediatricians for preventive care,”’ yet they only
account for about 20% of general pediatric office visits.””*
When a clinic typically works with parents of children
<11 years, the minority panel of adolescents may inadver-
tently fall under the general pediatrics “culture” of focusing
on parents rather than recognizing the independence of
adolescents. We applaud efforts towards workflow restruc-
turing to produce a more youth-friendly clinic that provides
adolescent-centered care.”’

The need for adolescent-friendly screening instruments
should not be underestimated. Health literacy in this
developing stage varies greatly, and the association
between decreased health literacy and increased adoles-
cent risk behaviors compounds the difficulty in identify-
ing patient-generated health data and addressing risks.”
We expect a small portion of adolescents to require care-
giver assistance during previsit screener due to lack of
capacity, but it is unlikely to be the proportions reported
here. Regardless, as part of our ongoing efforts, we are
reviewing the PSF screening questions to clarify any con-
fusing concepts and better tailor to the minimum repre-
sentative health literacy levels.

Adolescents indicate they want to discuss their health
risks with their providers, and automated previsit screen-
ing can help ensure that the health system does not
become the limiting factor in this care.”” Previsit screen-
ing of adolescent patient-generated health data brings at
least 3 benefits to adolescent care. First, it increases dis-
closure of sensitive information related to health risks.”
Notably, this may not happen on the first try but instead
might help normalize the screening for health risks at
future visits. Adolescents endorse the confidentiality of
paper- and computer-based pre-visit screening and their
increased willingness to disclose information to a form or
computer rather than a person.’’ *” Second, it primes the
adolescent patient for confidential face-to-face assess-
ments that should happen with the clinician.” Finally, the
screening results improve clinician discussion and tailor
their counseling to the patient’s needs.” "> We reaffirm
the utility of pre-visit questionnaires and encourage fur-
ther research into systematic, confidential assessments of
adolescent patient-generated health data.

Adolescents intensely value a variety of privacy per-
spectives,'* so care providers should explore clinical
workflow and physical space cues to nudge adolescents
and their caregivers toward a confidential pre-visit screen-
ing. These situational features may be different for elec-
tronic workflows like ours than for a paper-based
workflow. Future work should also consider the value of
soliciting both adolescent and caregiver reports in parallel
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questionnaires. Parents both underestimate and overesti-
mate adolescent health risks.”® These discrepancies are
associated with subsequent adolescent risk involvement'’
and may indicate caregiver concerns, lack of caregiver
knowledge, or difficulties in caregiver-adolescent com-
munication and partnership. The discordant topics may
lead to opportunities for improved partnership between
caregivers and healthcare professionals.””**

Our study is not without limitations. First, our study
design did not have a concurrent randomized control.
Using a preintervention control does not account for other
events that may have been happening at the time of the
intervention. However, the interrupted time series design
is a strong quasi-experimental approach. In addition, the
CHICA team is closely involved with the clinics, and we
are unable to recall any concurrent events that likely
affected the adolescent self-report rate. Not all patients
received a CHICLET tablet, so there may be bias in which
encounters generate informant data. We assume the ques-
tion assessing the informant’s relationship to the patient
was answered correctly, and acknowledge that some ado-
lescents may not be capable of completing their own
forms. Also, the question did not allow for multiple
informants to be selected, which may occur when an ado-
lescent and their caregiver complete the screening instru-
ments together. Finally, our intervention used electronic
tablets, and the electronic workflow may not be directly
generalizable to a paper-based workflow.

CONCLUSIONS

In an era of patient-generated health data, clinicians
and researchers cannot simply assume the respondent’s
identity on clinical encounter-based, self-administered
forms in clinics serving adolescent patients. Confidential-
ity is paramount to thorough adolescent health care, yet
caregivers were completing pre-visit questionnaires in
more than one half of adolescent encounters. Alerts
directing clinic personnel to instruct the capable adoles-
cents to fill out the form and directing the family to allow
the adolescents to self-report significantly and sustainably
improved younger adolescent self-reporting on electronic
patient-generated health data instruments. Older adoles-
cent self-reporting did not significantly increase but was
already higher than the younger adolescent rate. End users
of electronic patient-generated health data involving pop-
ulations with possible proxy informants should consider
and account for data provenance in downstream usage of
these clinical measures. Future work should emphasize
the screening environment and techniques to ensure hon-
est and confidential adolescent patient-generated health
data.
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