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Abstract \

Introduction: Celiac disease (CD) management involves lifelong adherence to a gluten-free diet, making the dietician a key member in
CD care. However, our institution lacked a standardized process for dietary consultation in newly diagnosed CD. Methods: To under-
stand provider CD care preferences, a 24" fractional factorial conjoint analysis was performed. Attributes studied (2 levels each) included
type of initial follow-up gastroenterology (Gl) provider, interval from diagnosis to follow-up, concurrence of initial dietary consultation
with gastroenterology visit, and on-going follow-up Gl provider. CD care was standardized in July 2014 to facilitate concurrent visits
with the clinician and dietician during the same clinical session. Changes to mean time of dietary consultation and reliability of dietary
consultation were monitored using an individual-control and G-control chart, respectively. Standard control chart rules were followed.
Results: Conjoint analysis identified shorter time to initial follow-up visit and concurrent Gl/dietician visits as more important attributes
in newly diagnosed CD subjects’ care. Types of follow-up provider during first or subsequent visits were identified as less important
attributes. After initiation of a standardized follow-up process, a special cause was identified in December 2015 with a decrease in
the mean time to dietary consultation from 30 to 20 days. In addition, standardized follow-up resulted in a more reliable process as
evident by a special cause on the G-control chart in February 2015. Conclusion: Conjoint analysis identified attributes thought to be
important in CD follow-up care. After redesign of our care process, a decrease in time to dietary consultation with improved reliability
was observed. (Pediatr Qual Saf 2017;2:€029; doi: 10.1097/pg9.0000000000000029; Published online June 13, 2017.)
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Conjoint analysis is a market-based research model
that has been used extensively to predict consumer
preferences.” In recent years, conjoint analysis has
been applied to determine health care providers’ and/
or patients’ preferences, with the aim of optimizing
resource allocation.®? The International Society for
Pharmacoeconomics and Outcomes Research estab-
lished a conjoint analysis task force with a goal of iden-
tifying good research practices for conjoint-analysis
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applications in health care.'” The task force presented
its findings in a 10-item checklist including development
of research questions, attributes/levels, construction of
tasks, experimental design, preference elicitation, instru-
ment design, data collection, statistical analysis, results,
and study presentation.'’

At baseline, there was a lack in uniformity of outpa-
tient follow-up with either the pediatric gastroenter-
ologist or dietician in newly diagnosed celiac disease
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patients at our institution. Hence, we used a conjoint
analysis to determine attributes which pediatric gastro-
enterology (GI) providers deemed important in newly
diagnosed celiac disease patients’ follow-up care.
Based upon the identified attributes, a process change
in follow-up care was initiated in an effort to improve
reliability of dietary consultation in newly diagnosed
celiac disease patients.

METHODS

Provider Survey and Conjoint Analysis

A brief survey was administered to the 15 providers at
our institution (12 physicians and 3 pediatric nurse prac-
titioners) with the aim of identifying their practices when
diagnosing and following up with newly diagnosed celiac
disease patients. The questions asked were as follows: (1)
When would you have newly diagnosed celiac disease
patients follow up in clinic?, (2) Would you include a
dietician in the first follow-up visit?, (3) How often do
you see celiac disease patients in follow-up?, (4) What are
the laboratory studies that you would check during the
initial follow-up visit?, and (5) Do you repeat celiac serol-
ogy during follow-up?

Based on this survey, we identified several attributes as
being important from the perspective of the providers.
These attributes were then used as the basis for a conjoint
analysis. A 2% fractional factorial study design was used
to generate 8 scenarios describing possible follow-up care
plans for our conjoint analysis.!'? This fractional facto-
rial study design permitted analysis of 4 attributes and
interactions between attributes while decreasing the num-
ber of scenarios required compared with a full factorial
study design (for more information on fractional factorial
study designs see Moen et al.!''; pages 161-202). The 4
attributes studied (2 levels each) were (1) initial follow-up
provider (celiac-specific or primary GI provider), (2)
interval from diagnosis to follow-up (1 week or 4 weeks),
(3) timing of dietary consult (concurrent with GI visit or
separate), (4) on-going follow-up provider (celiac-specific
or primary GI provider; see Figure, Supplemental Digital
Content 1, hitp://links.lww.com/PQ9/A12). At the time
of the survey, there were no identified “celiac-specific”
providers within our pediatric GI division. For other
subspecialty GI disorders (inflammatory bowel disease,
hepatology, short gut syndrome), disorder-specific pro-
viders had been identified at our institution. Although not
included in the initial survey, this attribute was included
to determine if identifying a “celiac-provider” would be
considered as an important attribute at either the first and/
or subsequent follow-up visits or if providers preferred
to continue following this patient population themselves.
The scenarios were presented to providers in a random
order and they were asked to force rank scenarios accord-
ing to their preferences, with rank order 1 being the most
ideal follow-up care plan and rank order 8 being the least
ideal method of managing a newly diagnosed patient with
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celiac disease. The different attributes (highlighted in red
in Supplemental Digital Content 1, bttp://links.lww.com/
PQY9/A12) were present in all the scenarios. However,
these attributes were not highlighted on the actual docu-
ment given to the providers and hence were not obvious
to the respondents.

Process Change Initiation

At baseline, there was no standardization of follow-up
care in newly diagnosed celiac disease patients. In gen-
eral, most patients were seen by the same provider who
saw the patient before diagnosis (defined as primary GI
provider). There was no standardization with regard
to if and how a patient was seen by a dietitian after
diagnosis. Based upon attributes identified through the
conjoint analysis, a change of practice was initiated in
July 2014 so that all newly diagnosed patients were
to be seen at single clinic session held weekly where a
dietician would also be present and could be seen con-
currently with a GI provider. The primary GI provid-
ers could choose to either see their patients at this time
(could be outside of their normal clinical session) or
a nurse practitioner was available to see the patient if
their primary GI provider preferred. Providers were ini-
tially informed about this change in practice via e-mail.
Starting in July 2014, providers were reminded of this
change at the time when one of their patients was diag-
nosed with celiac disease.

Retrospective Chart Review
After Washington University Human Research Protection
Office approval, patients with celiac disease seen in the
Washington University Pediatric Gastroenterology clinic
between July 2013 and June 2015 were identified by
searching for the celiac disease-specific International
Classification of Diseases, Ninth Revision (ICD-9) bill-
ing diagnosis code (579.0)."3

Patients with gastrointestinal complaints that may lead
to a diagnosis of celiac disease (abdominal pain, diarrhea,
and so on) or those asymptomatic patients at higher risk
for celiac disease where serological screening is recom-
mended (e.g., type 1 diabetes mellitus, trisomy 21, first-de-
gree relatives) were evaluated by 1 of the 15 providers at
our institution. Evaluation and treatment of subjects with
celiac disease were carried out in accordance with the
North American Society of Pediatric Gastroenterology,
Hepatology and Nutrition guidelines for celiac disease.! A
retrospective chart review was performed to determine if
the change in clinical process had affected dietary consul-
tation. Data elements extracted from the electronic medi-
cal record included patient’s age at diagnosis, gender, race,
symptoms at presentation, date of first office visit, date of
endoscopy, date of first follow-up visit, and date of first
dietary consultation. As patients with diabetes are seen
by a dietician in endocrinology clinic, this represented a
separate care process. Thus, these patients were excluded
in the analysis.
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Statistical Analysis
A conjoint analysis was performed using Study-It 2.0 soft-
ware (McGraw-Hill, New York City, N.Y.). Effect sizes
were determined by taking the difference between the
mean rank orders of the 4 survey options when an attri-
bute was at 1 level compared with 4 survey options when
the attribute was at the other. Effect sizes and interactions
between attributes were plotted on a dot diagram. Mean
rank orders were determined for the 4 attributes and dis-
played on response plot. A geometric cube was used to
further assess for interactions between the attributes.!!
To determine if the change of follow-up care resulted
in more timely dietary consultation, time from diagnosis
to outpatient dietary consultation was plotted on an indi-
vidual-control chart.!* The baseline mean was determined
using the 20 points before July 2014 when the change
in care process was initiated. To determine if the process
change resulted in more reliable dietary consultation, a
G-statistical control chart was used to show the number
of consecutive newly diagnosed celiac disease subjects
before a subject was never evaluated by a dietician.! The
baseline mean was determined by using all available data
points before a special cause. Appropriate statistical pro-
cess control chart rules were used to determine if statisti-
cal changes were observed.'®

RESULTS

Baseline Characteristics

During the time period between July 2013 and June 2014
(excluding type I diabetes mellitus), 19 patients were diag-
nosed with celiac disease and 24 patients were diagnosed
between July 2014 and June 2015. The diagnosis of celiac
disease was established by abnormal duodenal histology.
The most common symptom was abdominal pain (38%),
followed by poor weight gain (20%). Twenty percentage
of the patients were asymptomatic (Table 1).

Practice Survey

The practice survey administered to the pediatric GI
providers at our institution revealed that 20% (3/15) of
providers preferred that the first follow-up visit be within
1 week of diagnosis with celiac disease and 47% (7/15)

Table 1. Patient Characteristics Before and After the
Institution of Change in Practice

July 2013 to June July 2014 to June

2014 (n = 19) 2015 (n = 24)
Mean age at diagnosis + SD (y) 9.8+3.9 8.1+£5.6
Male: female 5:14 7:22
Symptoms n (%) n (%)
Abdominal pain 9 (47) 10 (34)
Poor weight gain 1(5) 6 (21)
Vomiting 0(0) 4 (14)
Diarrhea 2 (10) 3(10)
Asymptomatic 4 (21) 4 (14)
Patients seen by a nurse 8 (42) 12 (50)
practitioner
Patients seen by their primary 16 (84) 10 (42)
Gl provider
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providers thought that the first follow-up visit should be
within 2 weeks of diagnosis. The remaining 33% (5/15)
were of the opinion that the first follow-up visit could be
delayed to 4 weeks after diagnosis. The majority (87%;
13/15) of providers felt that the nature of first follow-up
visit should be a concurrent visit with a provider and a
dietician.

Conjoint Analysis

Following the practice survey, a conjoint analysis was
performed to independently evaluate and prioritize fol-
low-up care attributes. Response plots showed that the
mean rank order was more favorable for a concurrent
visit with the provider and the dietician (3.2), compared
with separate visits with the above-mentioned providers
(5.8). With regard to the timing of the first follow-up visit
after celiac disease diagnosis, the mean rank order was
more favorable for a follow-up visit within 1 week of
diagnosis of celiac disease (3.2), compared with a visit
within 4 weeks of diagnosis (5.8; Fig. 1). However, no
notable change in the rank order was observed between
the types of follow-up providers (celiac-specific provider
versus the primary GI provider) either at the first or sub-
sequent follow-up visits.

When effect sizes were plotted on a dot diagram (Fig. 2),
it was evident that the effect size was higher for concur-
rent visits (point Dj effect size, 2.56) and the time of the
visit at 1 week after diagnosis (point T; effect size, 2.59).
Neither provider type at initial (point P) or follow-up visit
(Point F) nor interactions between attributes (points X1,
X2, and X3) had any notable effect size. There were no
appreciable differences in the conjoint analysis between
physicians and nurse practitioners (data not shown).

The change in mean rank orders when the time of first
follow-up was decreased from 4 weeks to 1 week was
independent of the type of the provider (celiac-specific
provider or primary GI provider). Similarly, the change in
mean rank orders when the first follow-up visit changed
from a concurrent visit with the dietician and provider
to separate visits was also independent of the type of fol-
low-up provider. Differences in mean rank orders were
not noticed when the type of follow-up provider changed
from the primary GI provider to a celiac-specific provider
when the other attributes were kept constant (Fig. 3).

Improving Dietician Consultation Reliability

To determine the effects of the change in clinical fol-
low-up process, time from celiac disease diagnosis to
dietary consultation was plotted on an individual-control
statistical process control chart (Fig. 4). A special cause (8
points below the center line) was identified on the indi-
vidual-control chart beginning on December 8,2014. The
mean time from diagnosis to evaluation by a dietician
decreased after the initiation of the quality improvement
intervention from 30 days to 20 days (33 % reduction). In
addition, a special cause (a point above the upper control
limit) was observed on December 4, 2014. In review of
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Fig. 1. Response plots showing mean rank orders for the 4 attributes (1 = most ideal, 8 = least ideal) at 2 levels: timing of dietician
consultation (concurrent with Gl follow-up versus separate), timing of initial follow-up (within 1 week of diagnosis versus 4 weeks of
diagnosis), initial follow-up provider (primary Gl provider versus celiac-specific provider), and subsequent follow-up provider (primary

Gl provider versus celiac-specific provider).
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Fig. 2. Dot diagram showing higher effect size for concurrent
dietician consultation (D, effect size 2.56) and the timing of the
visit at 1 week after diagnosis (T, effect size 2.59). Attributes with
lower effect sizes were the type of follow-up provider during ini-
tial follow-up visit (P, effect size 0.5) or type of follow-up provider
at subsequent follow-up visits (F, effect size 0.5). There were
no identified interactions between the different variables tested
(points X1, X2, and X3).
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1.62 | 462
CP i
Provider §
T 7.38
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il 1 w{n
2.00 4.62

Dietitian
Fig. 3. Mean rank order cube showing interactions between 3
attributes: initial follow-up provider [primary Gl provider (PP) ver-
sus celiac-specific provider (CP)], timing of dietician consultation
[concurrent with Gl follow-up (C) versus separate (S)], and timing
of visit (1 week versus 4 weeks after establishing diagnosis of
celiac disease).

this patient, the diagnostic endoscopy occurred during a
hospital admission and initial outpatient follow-up was
scheduled within 4 days of discharge but before pathol-
ogy results were available. Although pathology results
were available for discussion at the first outpatient GI
clinic visit, a dietician was not available. The patient saw
the dietician during a subsequent outpatient encounter.

A G-control statistical process control chart was used
to assess reliability of dietary consultation. Each point
on the G-control chart represents the number of consec-
utively diagnosed patients who were seen by a dietician
before there was a patient who was diagnosed and was
never seen by a dietician (Fig. 5). A special cause (a point
above the upper control limit) was noted in February
2015, with 12 consecutive subjects being diagnosed with
celiac disease before a subject was not seen by a dietician
compared with the baseline of 1.9 subjects.

DISCUSSION

The results of our conjoint analysis identified that a
shorter time from diagnosis to initial follow-up visit and
having a concurrent visit with the provider and dieti-
cian were attributes which providers identified as more
important in the care of newly diagnosed celiac disease
patients. Based on these attributes, we redesigned the care
process of newly diagnosed celiac disease patients at our
institution. We observed improved reliability of dietary
consultation, as demonstrated by an increase in the num-
ber of consecutively diagnosed celiac disease patients
before there was a patient who missed an evaluation by a
dietician. The process change also resulted in a decrease
in the time from diagnosis to dietary consultation.
Conjoint analysis has been used with success in a vari-
ety of settings including market research, health care, and
environmental evaluations.””!”!® As our initial provider
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Fig. 4. Individual statistical process control chart showing days from celiac disease diagnosis to evaluation by a dietician. Baseline
centerline was determined by the 20 data points before the process change. Two special causes were identified on the run chart: (1) a
special cause was noted on December 4, 2014 due to a point above the upper control limit (demonstrated by green-circle), (2) a spe-
cial cause starting on December 8, 2014 due to 8 consecutive points being below the centerline (demonstrated by red-circle), which
resulted in a change in the centerline. The phase 2 centerline was determined using all data points on and after December 8, 2014.
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Fig. 5. G-statistical process chart showing the number of consecutive newly diagnosed celiac disease subjects before a subject was

never evaluated by a dietician at our institution.

survey indicated several competing attributes, we used a
conjoint analysis to influence the redesign of follow-up
care for newly diagnosed celiac disease patients.

Various guidelines emphasize the importance of a dieti-
cian in the treatment of celiac disease without provid-
ing details on how to best utilize this resource.">!* The
American Dietetic Society has published guidelines for
the treatment of celiac disease.?’ An experienced dietician
is important to counsel newly diagnosed celiac disease
patients based on their dietary preferences and the latest
guidelines about which foods are considered as gluten free.
At our institution, we have only 1 such dietician (except
for patients with diabetes mellitus) who is experienced

in dealing with celiac disease and counseling on the glu-
ten-free diet. To best utilize this resource, we standardized
our care process so newly diagnosed patients were seen in
1 pediatric GI clinic session per week, concurrently with
the dietician.

Standardization of care has been shown to reduce varia-
tions in health-care delivery and improve the quality of health
care.?! Our initial survey identified variability in the care of
celiac disease patients at our center. Based on the results of
the conjoint analysis, we elucidated provider preferences’
how to best to utilize the 1 dietician with expertise in celiac
disease. This formed the basis of a quality improvement ini-
tiative that improved the reliability of dietary consultation
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and decreased the variability in the care of celiac disease
patients at our center. There are many other examples where
standardization of care has led to identification of clinical
pathways and along with quality improvement initiatives
have contributed to similar results.?»** A prominent exam-
ple of this process on a large scale is the Diabetes Quality
Improvement Project, which developed and implemented a
comprehensive set of national measures for evaluation and
quality improvement of diabetic care.?’

One of the limitations of the current study is that this is a
single-institution study. It is possible that the results of this
conjoint analysis may change from 1 institution to another
based on preferences of the providers and available resources
at a particular institution. However, the principles behind
our conjoint analysis can be applied to other institutions,
although results may be different. The principles behind
our study should also be translatable to other medical con-
ditions. In addition, because only providers participated in
the conjoint analysis, we were not able to evaluate patient
and/or parent preferences. A separate conjoint analysis could
be applied to determine if preferences are different between
patients, parents, and providers. Although we did not observe
a difference in responses between physicians and nurse prac-
titioners, our sample size may have been insufficient to detect
small differences. Our fractional factorial design only permit-
ted for 4 attributes to be studied at 2 levels each. There are
many other attributes and at other levels which could have
been analyzed. However, we attempted to choose attributes
based on our initial survey, which were identified as either
important, could compete with other attributes, and/or were
limited in availability. Finally, although reliability of consul-
tation was improved, it is not known whether this improve-
ment resulted in better clinical outcomes, dietary adherence,
and/or improved patient/parent satisfaction. This could be
further studied at a later time.

In conclusion, this study demonstrates how conjoint
analysis was used to allocate available resources at our
institution to improve care of patients with celiac disease.
The QI initiatives instituted during this period are still
ongoing with current efforts include the formation of a
multidisciplinary celiac disease clinic, which will include a
provider with a specific focus in celiac disease care, a nurse,
dietician, psychologist, and social worker. The authors are
of the opinion that similar approaches as demonstrated
in our study could be used to allocate available resources
available to improve patients’ care under a variety of dif-
ferent conditions and in a variety of different settings.
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