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Background and Significance

The prevalence of type 2 diabetes (T2D) is increasing in
youth. Between 2001 and 2009, there was a 30% rise in the
prevalence of pediatric T2D in the United States, and it is
estimated that therewill be a fourfold increase in prevalence
by 2050.1 Moreover, approximately 15% of adolescents have

severe (class 2 or 3) obesity, putting them at an increased risk
of T2D.2 The American Diabetes Association (ADA) recom-
mends screening youthwhomeet high-risk criteria to enable
an early detection and timely treatment of T2D.3–5 The ADA
also recommends instituting primary prevention efforts,
specifically lifestyle modification with a clinical follow-up
for youth with obesity and glucose levels that are elevated
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Abstract Objective With the increasing prevalence of type 2 diabetes (T2D) in youth, primary
care providers must identify patients at high risk and implement evidence-based
screening promptly. Clinical decision support systems (CDSSs) provide clinicians with
personalized reminders according to best evidence. One example is the Child Health
Improvement through Computer Automation (CHICA) system, which, as we have
previously shown, significantly improves screening for T2D. Given that the long-term
success of any CDSS depends on its acceptability and its users’ perceptions, we
examined what clinicians think of the CHICA diabetes module.
Methods CHICA users completed an annual quality improvement and satisfaction
questionnaire. Between May and August of 2015 and 2016, the survey included two
statements related to the T2D-module: (1) “CHICA improves my ability to identify
patients who might benefit from screening for T2D” and (2) “CHICA makes it easier to
get the lab tests necessary to identify patients who have diabetes or prediabetes.”
Answers were scored using a 5-point Likert scale and were later converted to a 2-point
scale: agree and disagree. The Pearson chi-square test was used to assess the
relationship between responses and the respondents. Answers per cohort were
compared using the Mann–Whitney U-test.
Results Themajorityof respondents (N¼ 60) agreed thatCHICA improved their ability to
identify patients who might benefit from screening but disagreed as to whether it helped
them get the necessary laboratories. Scores were comparable across both years.
Conclusion CHICA was endorsed as being effective for T2D screening. Research is
needed to improve satisfaction for getting laboratories with CHICA.
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but not diagnostic of diabetes (i.e., prediabetes).5 However,
screening and intervention practices are limited due to
primary care clinicians’ lack of knowledge of the guidelines
and the absence of systems that support completion of
testing and follow-up appointments.6,7

We implemented published screening guidelines for T2D
in pediatric primary care practices by using a clinical deci-
sion support system (CDSS): Child Health Improvement
through Computer Automation (CHICA) system.8 The CHICA
diabetes-screening module was implemented in a cluster
randomized clinical trial (RCT) performed in four pediatric
clinics that included 1,369 patients. Computerized clinical
decision support significantly increased the rates of screen-
ing compared with control clinics (31.4 vs. 9.2%; adjusted
odds ratio [OR]: 4.6; 95% confidence interval [CI]: 1.5–14.7)
and was associated with a greater proportion of youth
attending a scheduled follow-up appointment (29.4 vs.
18.9%; adjusted OR: 1.8; 95% CI: 1.5–2.2).8

Objectives

The ongoing success of a CDSS depends on its acceptability by
and usefulness to clinical care providers, health care staff, and
patients. Nevertheless, acceptability results are infrequently
reported among computerized decision support users despite
theneedtounderstanduserandsystemneedsfor improvement.
As part of routine quality improvement of CHICA, we annually
administer a survey to CHICA users. In this study, we examined
responses to items specific to the usability and perceived
efficacyof the CHICAdiabetes-screeningmodule for identifying
and obtaining laboratory tests for youth who meet published
criteria for screening for T2D.

Methods

Child Health Improvement through Computer
Automation
CHICA and its use in pediatric clinics have been previously
described.9–11 Briefly, CHICA is a CDSS that works as an add-on
to the electronic medical record (EMR). CHICA uses standard
HL7 (health level 7) messaging, web services, and standard
Ardenmedical logicmodules (MLMs), leveragingpatientdatato
generate tailored patient screening forms (prescreener forms,
available inEnglish andSpanish) that caregivers and/or patients
complete in the waiting room using tablets (►Supplementary

Appendix A, available in the online version). These forms are
uploaded in real time to the CHICA server, which combines
answers with medical history from the medical record as
well as previous prescreener form answers. CHICA’s MLMs
have embedded priority scores to produce a prioritized list of
recommendations for health care providers (physicians and
advance practice providers referred to as “providers” for the
purposes of CHICA). These scores are based on: (1) the
probability that the patient has a condition, (2) the
seriousness of this condition, (3) the effectiveness of
alerting the physician to this condition, and (4) the
evidence of the intervention’s effectiveness.12 The top six
prioritized recommendations are displayed, along with vital

signs, growth data, and an area to document the physical
examination on the Provider Worksheet displayed as an
interactive window within the EMR (►Supplementary

Appendix B, available in the online version). For each of
the prioritized recommendations, providers can document
their response by checking boxes corresponding to what
actions were taken. Nonhealth care provider clinic
personnel (referred to as “staff” for the purposes of CHICA)
also interact with CHICA by distributing electronic tablets to
patients to fill out the prescreener forms, as well as any
informational handouts that are generated by CHICA to
reinforce provider counseling and provide educational
information.

The CHICA diabetes-screeningmodule included the follow-
ing pertinent questions on the prescreener form that the
caregivers answered: “Did [patient’s name] mother ever have
a baby born over 9 pounds?”; “Did [patient’s name] mother
everhave diabetes during pregnancy?”; “Does [patient’s name]
have a parent or grandparentwith diabetes?”Answers to these
questions were combined with data on sex, race, height, and
weight that CHICAcollected fromtheEMR todetermine ifeach
patient met the ADA published criteria for screening for T2D:
age of 10 years and older with a body mass index of �85th
percentile and two more risk factors for T2D.13 If these data
indicated that the patient was at an increased risk of T2D,
CHICA generated a prompt to the physician to assess for
diabetes symptoms and signs of insulin resistance, while
also recommending screening and follow-up steps.

Surveys
Beginning in 2011, the CHICA administrators implemented
an annual quality improvement and satisfaction survey that
consisted of 12 core questions on user acceptability.14During
the RCT of the CHICA diabetes-screening module, two addi-
tional questions were added to the annual quality improve-
ment and satisfaction survey. CHICA users (providers and
staff) were asked to rate two T2D screening-related state-
ments using a pencil/paper format: (1) “CHICA improves my
ability to identify patients whomight benefit from screening
for T2D” (the “screening question”) and (2) “CHICA makes it
easier to get the lab tests necessary to identify patients who
have diabetes or prediabetes” (the “labs question”). Since
these diabetes-related questionswere for 2015 and 2016, the
collected data were from users who had experience with
CHICA for at least a year between May 2014 and 2015 and
between May 2015 and 2016, respectively.

Participants and Data Collection
Between 2013 and 2016, we conducted an RCT to assess the
effectiveness of the diabetes-screening module within CHICA.
For this study, we randomized two primary care pediatric
clinics to receive CHICA plus the diabetes-screening module
and two other primary care pediatric clinics to receive CHICA
without the diabetes-screening module. The latter clinics
served as control clinics for the RCT, and hence their providers
and staff did not answer the survey questions analyzed for the
present report.8 Only providers and staff from the two clinics
that had access to the CHICAdiabetes-screeningmodule in the
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RCT were asked to respond to the T2D module satisfaction
questions. Answers were provided on a 5-point Likert scale as
follows: (1) strongly disagree, (2) somewhat disagree, (3)
neutral, (4) somewhat agree, and (5) strongly agree. To en-
courage candid responses, we did not collect identifiable
information (e.g., name, date of birth, employee ID). We
collected data from both years of 2015 and 2016 with the
intent to compare data from years since acceptability changes
over time.14 Trained research assistants entered the data into
REDCap (Vanderbilt University, Nashville, Tennessee, United
States), a web-based survey tool.15

Data Analysis
To assess the relationship between respondents and their
perceptions, we performed a chi-square test of independence.
For the purposes of this analysis, we converted the 5-point

Likert system into a 2-point system,with (1) strongly disagree,
(2) somewhat disagree, and (3) neutral coded as disagree, and
(5) strongly agree and (4) somewhat agree coded as agree. We
opted for the scale conversion for two reasons: we wanted to
look at the responses as binary (perceives benefit/does not
perceive benefit) and we wanted to be sure that all of the cell
counts during analysis would be above 5 to meet the assump-
tions of Pearson’s chi-square test.We included “neutral” in the
disagree bin to achieve conservative estimates in our results.
Wewanted to compare answers across the2 years of the study
because our previous work has shown that CHICA users’
perceptions of CHICA improve with experience.14 To compare
the answers across both years, we used the crude scores of the
5-pointLikert scale. Becausethescoresareordinal andbecause
the data were nonparametric, we used the Mann–Whitney U
test. We used SPSS (Statistical Package for the Social Science,
Version 26, IBM Corp., Armonk, New York, United States) to
conduct the statistical analyses. The Indiana University Insti-
tutional Review Board approved this study.

Results

A total of 60 respondents completed the annual quality
improvement and satisfaction survey over both years (2015
and 2016). The characteristics of the respondents are shown
in ►Table 1. The response rate was 100% for both years
(research assistants followed up on every survey distributed).
The majority of the respondents were providers: physicians
and nurse practitioners. Physicianproviders comprised pedia-
tricians (51.6%), combined medicine–pediatrics (16.1%), and
family medicine physicians (32.3%).

►Fig. 1 presents the percentage of respondents who
agreed or did not agree with the statements: “CHICA
improves my ability to identify patients who might benefit
from screening for T2D” and to “CHICA makes it easier to get
the lab tests necessary to identify patientswho have diabetes
or prediabetes.” The majority of providers and clinic staff
agreed that CHICA improved their ability in identifying

Table 1 Respondents characteristics

Type Of Provider 2015 N (%),
N¼ 32

2016 N (%),
N¼ 28

Physicians/NPs 16 (50.0) 16 (57.1)

Nurse 5 (15.6) 3 (10.7)

Medical assistant 11 (34.4) 7 (25.0)

Othera 0 (0.0) 2 (7.1)

Physicians’ specialties

Pediatrics 8 (50.0) 8 (53.4)

Medicine–Pediatrics 2 (12.5) 3 (20.0)

Other 6 (37.5) 4 (26.6)

Time at the clinic

Full time 19 (59.4) 18 (64.3)

Part time 13 (40.6) 10 (35.7)

Abbreviation: NP, nurse practitioner.
aOther includes clinical administrators, front desk personnel, and care
coordinators.

Fig. 1 Left: responses of clinicians to the screening question. Right: responses of the clinicians to the laboratories question.
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patients at risk of T2D, 71% for providers and 57% for clinic
staff (►Fig. 1, left panel), but did not agree that it improved
their ability to obtain laboratories, 58% of providers and 55%
of clinic staff (►Fig. 1, right panel). Providers and staff did not
differ significantly in their answers regarding either the
screening question response (p¼ 0.20) or the laboratory
question response (p¼ 0.52).

The crude questionnaire scores frombothyears are shown
in►Fig. 2. Responses to the screening question (p¼ 0.31) and
the laboratories question (p¼ 0.59) did not change between
the years 2015 and 2016.

Discussion

This study presents repeated data on the perceived efficacy
of the CHICA diabetes-screening CDSS that was used as part
of a randomized controlled clinical trial. In that trial, the
CHICA diabetes screening CDSS was associated with a
quadrupling of the odds of screening for prediabetes and
T2D in youth meeting published criteria compared with

control clinics, and was associated with a greater proportion
of youth attending a scheduled follow-up appointment.8 It
follows that providers and staff members agreed that having
the T2D module facilitated screening appropriate youth.
However, providers and staff did not agree that the CHICA
diabetes screening CDSS facilitated getting recommended
laboratory tests.

Belamarichet aldiscussedhowpediatricianshave toomany
clinical recommendations to complete in a limited clinical
encounter.16 It is challenging to keep up with the numerous
recommendations within the allotted 15 to 20minutes per
patient, especially when providers are not aware of screening
guidelines. Evenwhentheyareawareof theneed for screening,
theyare not likely to beon the list of concerns of the caregivers.
This is particularly important in T2D, where identifying that a
patient is at risk of T2D is the first step toward screening and
implementing preventive measures. A closer look at the
literature shows that, in primary care, we are still falling short
when it comes to following diabetes screening recommenda-
tions6,7 and regularly screening for T2D.17 This was true even
within our own studied population in our 2016 randomized
control trial, where the screening rate was 20.4% in the entire
population even with a CDSS that contributed to 77.4% of the
screened adolescents.8 This emphasizes the need for systems
that, like CHICA, can prioritize more pressing screenings or
treatment options while still acting as a link between pro-
viders and high-quality evidence.18,19

The finding that more than 50% of CHICA users did not
agree that “CHICAmakes it easier to get the labs necessary to
identify patients who have diabetes or prediabetes” was
somewhat surprising given that the rates of screening
were significantly increased during the clinical trial and
given that specific laboratories were recommended with
every prompt. This may be explained by the wording of
the question itself since the CHICA system provided instruc-
tion on which laboratories to obtain but did not provide a
one-click option to order them. To physicians, it is reasonable
that the most important actionable step about “getting” the
laboratories may be the actual “ordering” part, which CHICA
did not facilitate. It may also be explained by the need for
extra measures that the providers and staff had to take with
CHICA to ensure that the patients actually got the necessary
laboratory testing, which might have been perceived as an
additional burden. CHICA might also be improving getting
laboratories subliminally; however, we still believe that this
remains to be a topic of research.

The strengths of this study include a robust computerized
CDSS that has been available in the clinics surveyed for over a
decade, and therefore userswere not just getting used to a new
system. Participants answering survey questions had adequate
exposure to the CDSS and had used the diabetes CDSS module
for at least 12 months. Although there have been studies that
assessed the use of CDSS in improving the clinical approach to
diabetes,8,20–22 this is one of the few studies that assess the
clinician perceptions toward these interventions. Other studies
that assessed the provider satisfaction with the use of CDSS in
diabetes management have shown findings similar to ours,
with providers endorsing CDSS as important.23 The limitations

Fig. 2 The results of independent samples Mann–Whitney U test to
the screening (p¼ 0.31) and laboratory (p¼ 0.59) questions over the
years of 2015 and 2016.
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of this study were the relatively small sample sizes that
included only two urban health care centers. These results
may not be generalizable to a population of health care
providers who have been exposed to another system of CDSS.
In addition, we did not have qualitative data to understand the
reason behind the lack of endorsement for obtaining laborato-
ries through CHICA. Prospectively, evaluating provider satisfac-
tion over timewould validate these findings. An assessment of
patient satisfaction when it comes to CHICA implementation
for T2D also remains to be a topic for future research.

Conclusion

The CHICA CDSS diabetes-screening module was endorsed
by the providers who believed it helped them identify
patients who would benefit from screening. Additional
work is needed to improve provider and staff satisfaction
when it comes to obtaining the right laboratories.

Clinical Relevance Statement

The results of this study provide evidence that despite having
a successful CDSS and despite it being endorsed as a success-
ful system for diabetes screening, providers might not nec-
essarily endorse all of this system’s screening services.

Multiple Choice Questions

1. Which of the following is a commonweakness of assessing
user perceptions through surveys with discrete questions
and response choices?
a. Difficulty in coding responses for analysis.
b. Inability to assess viewpoints not in the response

choices.
c. Fewer responses due to the time and effort involved in

gathering data.
d. Respondent confusion in interpreting a rating scale.

Correct Answer: The correct answer is option b, discrete
questions and choices limit the data gathered to assess
viewpoints included by the surveyors. Qualitative data
gathering (e.g., focus group, open-ended questions)
allows for unstructured feedback but may require more
time and effort to gather and analyze responses.

2. Which of the following statements regarding CDSS user
satisfaction is true?
a. Clinician satisfaction and system usability are essential

for the success of a CDSS.
b. If a CDSS has been proven successful, clinicians are

always happy to implement and use it.
c. CDSS always disrupts the workflow in the clinics.
d. It is unnecessary to assess the satisfaction of staff

members using a CDSS; only providers should be
surveyed.

Correct Answer: The correct answer is option a,: user
satisfaction is proven to be necessary for the success of a

CDSS. However, successful systems are not always
endorsed by all of their users. This emphasizes the need
for repeated evaluation of user satisfaction to keep the
CDSS users satisfied.
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