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Who Is Most Burdened in Health Care? An Analysis
of Responses to the ICAN Discussion Aid
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Objective: To create a model based on patients’ characteristics that can predict the number of burdens
reported using the ICAN Discussion Aid, to target use of this tool to patients likeliest to benefit.

Patients and Methods: Six hundred thirty-five patients (aged ≥18 years) completed the ICAN
Discussion Aid at a Scottsdale, Arizona, family medicine clinic. Patient characteristics were gathered
from their health records. Regression trees with Poisson splitting criteria were used to model the data.

Results: Our model suggests the patients with the most burdens had major depressive disorder, with twice
as many overall burdens (personal plus health care burdens) than patients without depression. Patients with
depression who were younger than 38 years had the highest number of personal burdens. A body mass index
(BMI) of 26 or greater was associated with increased health care burden versus a BMI below 26.

Conclusion: The number of burdens a patient will report on the ICAN Discussion Aid can be
approximated based on certain patient characteristics. Adults with major depression, a BMI of 26 or
greater, and younger age may have greater reported burdens on ICAN, but this finding needs to be vali-
dated in independent samples. ( J Am Board Fam Med 2023;36:277–288.)
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Introduction
According to 2021 data from the Centers for
Disease Control and Prevention, 6 in 10 Americans
have at least 1 chronic health condition, and 4 in 10
have 2 or more chronic conditions.1 Managing a
chronic condition requires work by the patient,
such as attending health care appointments, self-
monitoring, adhering to a medication regimen, and

planning and adhering to a special dietary regimen.
This workload comes in addition to symptom bur-
den and the challenges of daily life, which can leave
health care work undone.2 Uncompleted health
care work can lead to worsening patient outcomes,
which then are met with intensifying treatment,
creating a vicious cycle of infeasible work and
unmet symptom burden.2
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Increasingly, health care clinicians have recognized
that treatment plans must fit realistically into a patient’s
daily life, but because each person’s lived experience is
complex, clinicians may forgo problem-solving any
issues of fit.3 In 2016, the ICAN Discussion Aid was
developed to help clinicians and patients contextualize
care for the individual patient.4 This discussion aid
allows patients to identify parts of their life, including
health care, that are sources of burden or satisfaction
and then review the results with their clinician.4

Working together, the patient and clinician can then
form feasible plans of care. A pilot study of ICAN in
2019 showed that the discussion aid promoted the dis-
cussion of important health care topics without adding
to the visit length5; a larger study is under way.

ICAN was created to use with patients with any
chronic condition, and clinicians can implement the aid
to fit their clinic’s population and workflow.5 Although
this intervention is highly adaptable to different set-
tings, which patients may benefit most from its use
remains unknown. In implementation work, the
aid’s developers in the Knowledge and Evaluation
Research Unit have seen resource-limited settings
restrict using ICAN to subsets of patients for
whom they perceive the need. These methods
have not been validated and may overlook some
patients who could benefit.

To our knowledge, no studies to date have exam-
ined patient characteristics that are associated with
more burdens reported on the ICAN Discussion Aid
with the number of burdens standing as a marker of
potential benefit from using this tool in practice.
Therefore, the aim of this study was to examine
the possibility of modeling the greatest number
of personal and treatment burdens predicted by
known patient characteristics. This knowledge
may help identify which patients would benefit
the most from using ICAN to improve the fit of
their care plans.

Patients and Methods
Intervention

The ICAN Discussion Aid asks patients to consider
whether they are satisfied/helped or burdened by

specific areas of their personal lives and their expe-
rience with health care (eg, family and medications)
(Figure 1).5 Finally, it asks 3 open-ended ques-
tions: (1) “What are you doing to manage your
stress?” (2) “Where do you find the most joy in
your life?” and (3) “What else is on your mind
today?” (Appendix Figure 1). After completing
the ICAN Discussion Aid, the patient and clini-
cian review the tool together, first discussing
the 3 open-ended questions and then the re-
mainder of the discussion aid. Clinicians
prompt patients to elaborate on their experien-
ces, typically by asking, “What stands out to you
from your answers?” This tool was developed
with funding from the Agency for Healthcare
Research and Quality and is freely available at
https://carethatfits.org/ican.

Study Participants

This retrospective cross-sectional modeling
study was approved by the institutional review
board. The study cohort comprised a conven-
ience sample of 678 consecutive patients (aged
≥18 years) who came for office visits with a single
primary care clinician at a family medicine out-
patient clinic in our region, from April 1, 2018,
through May 31, 2021. Of the 678 eligible
patients, 635 patients consented to complete the
ICAN Discussion Aid as a part of the rooming
process. A registered nurse introduced a paper-
based ICAN to the patients, and they were
prompted to complete it while waiting for their
clinician to enter the room.

Retrospective Review

From June 1, 2021, through July 31, 2021, we
performed a retrospective review of the elec-
tronic health records (EHRs) of patients who
completed the ICAN Discussion Aid. Patient
identifiers were sorted in numeric order without
respect to their responses on ICAN to avoid bias
during the EHR review. Independent variables
were chosen based on common chronic condi-
tions treated in the practice and manually gath-
ered at EHR review. Table 1 reports the
variables extracted.

Statistical Analysis

Descriptive statistics were used to summarize
patients’ demographic and clinical characteristics
and responses on the ICAN Discussion Aid. The

Primary Care Research Group Meeting, virtual, November
22, 2021; and at the Mayo Clinic Family Medicine Forum,
Rochester, Minnesota, October 25, 2021.

Corresponding author:MartinaMookadam,MD,Department
of FamilyMedicine, Mayo Clinic, 13400 E Shea Blvd, Scottsdale,
AZ 85259 (E-mail: mookadam.martina@mayo.edu).

278 JABFM March–April 2023 Vol. 36 No. 2 http://www.jabfm.org

 on 12 M
ay 2026 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.220251R

1 on 22 M
arch 2023. D

ow
nloaded from

 

https://carethatfits.org/ican
mailto:mookadam.martina@mayo.edu
http://www.jabfm.org/


total number of burdens was defined as the number
of items in which the respondent answered “bur-
den” (that the variable was a burden to them) or
“both” (both a burden and an area of satisfaction).
ICAN questionnaires that were completely blank
were excluded in the final analysis, but we did
include questionnaires that were partially com-
pleted if the patient made any markings. In those
instances, individual blank responses or ambigu-
ous markings were not considered burdensome.

We then fit regression trees using rpart6 (R
Foundation for Statistical Computing) with a
Poisson splitting criterion to model the most pre-
dictive factors associated with a high number of
patient-reported burdens. Our goal was to develop
a model for predicting the number of burdens
based on patient characteristics. We developed 3
separate models: (1) overall burdens (sum of the
numbers of personal and health care burdens),
(2) the number of personal burdens (eg, at home
and work), and (3) the number of burdens related
to health care. Appendix Figure 2 shows a

histogram of the number of burdens (personal,
health care, and overall). These 3 variables had a
high proportion of zeros and were right-skewed,
which violated the assumptions of many classic
statistical modeling techniques. Therefore, a
regression tree using a Poisson splitting criterion
for count data was chosen to model the number of
burdens. R Statistical Software version 4.0.3 (R
Foundation for Statistical Computing) was used to
conduct the analysis.

A regression tree has a single tuning parameter
called the complexity parameter, which controls the
number of splits (also called nodes or branches) in the
tree. As the complexity parameter increases, the
size of the tree decreases. To choose the optimal
complexity parameter and provide an estimate of
model performance, we used a technique called
repeated cross-validation, with 5 folds repeated 5
times.7

We quantified the model performance using
the root-mean-squared error (RMSE), which we
wanted to minimize. Appendix Figure 3 shows the

Figure 1. ICAN Discussion Aid. Inside bifold of flyer lists selections for sources of satisfaction and burdens. Labs

indicates laboratory tests. (Used with permission of Mayo Foundation for Medical Education and Research)
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mean RMSE obtained from repeated cross-valida-
tion across a range of values for the complexity
parameter from 0.001 to 0.05. The mean RMSE
was minimized when the complexity parameter

was approximately 0.016, which yielded a mean
RMSE of 2.51.

Results
Six hundred thirty-five patients completed the
ICAN Discussion Aid at least once. Of those,
211 patients completed it more than 1 time,
with 146 completing it twice and 65 completing
it between 3 and 10 times. On average, each
patient completed ICAN 1.5 times. When a
patient completed ICAN more than once, the
most recently completed ICAN was used for final
analysis. Eighty-four ICANs were removed from
analysis because they were completely blank.
Table 1 summarizes the patients’ demographic
and clinical characteristics: comorbid conditions
and medication use associated with chronic con-
ditions.

Overall, the number of burdens ranged from 0
to 14.0, with a median (interquartile range [IQR])
of 1.0 (0 to 3.0). The number of health care burdens
ranged from 0 to 7.0, with a median (IQR) of 0 (0
to 1.0), and the number of personal burdens ranged
from 0 to 10.0, with a median (IQR) of 0 (0 to 2.0).
Table 2 summarizes the patients’ self-assessed bur-
dens as reported on the ICAN Discussion Aid. The
most burdensome items were memory or attention
(16.4%), being active (16.1%), getting enough sleep
(15.8%), emotional life (15.6%), managing diet and
exercise (15.4%), work or finances (15.2%), and
“the food I eat” (15.0%).

Overall Burdens

Figure 2 shows the regression tree for overall bur-
dens, where the criterion for each split is labeled.
For each leaf, the following information is provided
(from top to bottom): (1) the mean number of bur-
dens, (2) the total number of burdens reported/the
total number of patients (observations), and (3) the
percentage of all observations in a given leaf. For
example, 137 patients with major depressive disor-
der (MDD) had a mean of 3.3 overall burdens.
Alternatively, 233 patients who did not have
MDD and who were 61 years or older with a
body mass index (BMI), calculated as weight in
kilograms divided by height in meters squared
(BMI), of less than 32 had a mean of 0.89 overall
burdens.

The variable importance is shown in Appendix
Figure 4, where a large score indicated that the

Table 1. Patient and Clinical Characteristics

Number (%) of Patients (n = 635)*

Age, y
Mean (SD) 60.9 (15.6)
Range 18.0 to 95.0

Gender
Men 182 (28.7)
Women 453 (71.3)

BMI†

Mean (SD) 27.8 (6.0)
Range 14.9 to 49.0

Chronic health
conditions‡

CAD 56 (8.8)
Cancer 35 (5.5)
CHF 35 (5.5)
GAD 153 (24.1)
Hyperlipidemia 318 (50.1)
Hypertension 312 (49.1)
MDD 137 (21.6)
OSA 103 (16.2)
Prediabetes 66 (10.4)
Type 2 diabetes 68 (10.7)

OTC medications, number
Mean (SD) 3.2 (2.5)
Range 0.0 to 15.0

Rx medications, number
Mean (SD) 4.5 (3.5)
Range 0.0 to 19.0

Medications, type
Anticoagulant 50 (7.9)
Antidepressant 118 (18.6)
Antihypertensive 280 (44.1)
Anxiolytic 80 (12.6)
BPH medicine 19 (3.0)
GERD medicine 149 (23.5)
Insulin 25 (3.9)
Opioid 51 (8.0)
Oral hypoglycemic 59 (9.3)
Sleep aid 76 (12.0)
Statin 211 (33.2)

*Unless indicated otherwise.
†Calculated as weight in kilograms divided by height in meters
squared.
‡Some patients had more than 1 chronic condition.
Abbreviations: BMI, body mass index; BPH, benign prostatic
hyperplasia; CAD, coronary artery disease; CHF, congestive
heart failure; GAD, generalized anxiety disorder; GERD, gas-
troesophageal reflux disease; MDD, major depressive disorder;
OSA, obstructive sleep apnea; OTC, over-the-counter; Rx, pre-
scription; SD, standard deviation.
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variable was important. Other candidate variables
that performed similarly were identified to be used
in the model in the event of missing data, which
also contributed to the variable importance mea-
sure. Therefore, it was possible for a variable to be
somewhat important and yet not included as a pri-
mary split in the regression tree. The following var-
iables were important but did not contribute to the
overall model: antidepressant use, hyperlipidemia,
number of prescription drugs, hypertension, statin
use, number of over-the-counter drugs, and insulin
use.

Number of Burdens in Personal Life

We repeated the model fitting process for the num-
ber of burdens in the patient’s personal life.
Repeated cross-validation identified the optimal
complexity parameter as 0.014 with a mean RMSE
of 1.80. In the final regression tree, MDD, age,
generalized anxiety disorder, and BMI contributed
to the overall model (Figure 3). As with overall
burdens, some variables were considered impor-
tant but did not contribute to the overall model.
They are listed in order of decreasing importance
here and in Appendix Figure 5: antidepressant use,

number of prescription medications, hyperlipidemia,
anxiolytic use, hypertension, statin use, antihyperten-
sive use, obstructive sleep apnea, number of over-
the-counter medications, and insulin use.

Number of Health Care Burdens

Finally, we fit a regression tree for the number of
health care–related burdens. A complexity parame-
ter of 0.037 was chosen by using repeated cross-val-
idation with a mean RMSE of 1.12. In the final
regression tree, BMI was the only variable that con-
tributed to our model; patients with a BMI of 26 or
greater had a mean burden of 0.89, and those with a
BMI below 26 had a mean burden of 0.37
(Appendix Figure 6). Hypertension, antihyperten-
sive use, number of prescription medications, hy-
perlipidemia, and obstructive sleep apnea also were
important but did not contribute to the overall
model (Appendix Figure 7).

Discussion
In this retrospective health record review of
patients using the ICAN Discussion Aid, some clin-
ical profiles were more highly associated with

Table 2. Patient Self-Assessed Burdens Using the ICAN Discussion Aid

Number (%) of Patients (n = 635)*

Burden or Both Burden and Satisfaction Satisfaction or Help

Family and friends 84 (13.2) 546 (86.0)
Work or finances 97 (15.2) 503 (79.2)
Free time, relaxation, fun 41 (6.4) 580 (91.3)
Spirituality and life purpose 25 (3.9) 567 (89.3)
Where I live 43 (6.7) 582 (91.7)
Getting out and transportation 57 (9.0) 568 (89.4)
Being active 102 (16.1) 523 (82.4)
Social media, TV or screen watching 71 (11.1) 539 (84.9)
Emotional life 99 (15.6) 518 (81.6)
Memory or attention 104 (16.4) 514 (80.9)
The food I eat 95 (15.0) 531 (83.6)
Take medication 34 (5.3) 510 (80.3)
Monitor symptoms 31 (4.9) 452 (71.2)
Manage diet and exercise 98 (15.4) 444 (69.9)
Get enough sleep 100 (15.8) 428 (67.4)
Come in for appointments or labs 40 (6.3) 512 (80.6)
Reduce alcohol use, smoking, and so forth 11 (1.7) 320 (50.4)
Insurance or support services 44 (6.9) 379 (59.7)
Manage stress 55 (8.7) 401 (63.1)

*Unless indicated otherwise. Percentages may not total to 100% because some responses were left blank or were unclear.
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burden than others. Our model showed that
patients already diagnosed with MDD had the
highest number of overall burdens, at a mean of
3.3, compared with the mean of 1.6 total burdens in
our patients without depression. Likewise, these
patients had the most personal burdens, averaging
2.3 versus 1.0 in those without depression.
Moreover, those patients who had major depression
and were younger than 38 years had a mean of 4.6
personal burdens, 3.5 times greater than for our
entire sample (1.3). This subgroup composed only
2% of our overall sample.

A much lower number of personal burdens was
observed for patients without depression or gener-
alized anxiety disorder over the age of 63 years
(mean, 0.57). This cohort comprised 35% of our
patients sampled. Higher BMI was highly predic-
tive of health care burdens, with patients whose
BMI was 26 or greater having a mean of 0.89 bur-
dens and patients with a BMI less than 26 having
0.37 health care–related burdens.

These findings are important because in resource-
constrained settings clinical leadership often must cre-
ate decision rules to select patients who are most
likely to need ICAN-based conversations and must
then concentrate their implementation efforts toward
the selected subgroup. To date, those decisions were

based on best guesses rather than evidence of who
those patients might be.

These findings are congruent with the practice
paradigm of minimally disruptive medicine,3 under
which ICAN was developed. In minimally disrup-
tive medicine, patients have the baseline capacity to
perform work—the demands of life, which include
the burdens of prescribed medical treatment. This
framework acknowledges that capacity is weakened
by sociological and psychological challenges, which
include illness burdens.

The ultimate goal of ICAN is to ensure that
patients have health care that fits their life.
Consequently, the solutions that patients and clini-
cians arrive at will vary greatly, with some patients
perhaps needing multidisciplinary approaches to
mental health care, others requiring a referral
to a social worker, and still others requiring a medi-
cation review. As such, we still endorse the idea that
patients should have the opportunity to discuss
their life using the discussion aid with their clini-
cian. However, we recognize through real-world
implementation that resource-limited settings often
are forced to select the population they think will
most likely benefit. Future research should be con-
ducted on a larger, multiclinician, and multisite
cohort of patients who are administered ICAN to

Figure 2. Final regression tree model for the number of overall patient burdens. Values in each leaf are as follows:

top value, mean number of burdens; center values, total number of burdens reported/total number of patients

(observations); and bottom value, percentage of all observations. Abbreviations: BMI, body mass index; MDD, major

depressive disorder. (Used with permission of Mayo Foundation for Medical Education and Research)
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allow validation and modification of the present
limited study. Such study would be best facilitated
by incorporating the discussion aid into the EHR
because our current study relied on labor-intensive
manual entry of ICAN responses for analysis.
ICAN was built into the EHR (Epic, Epic Systems)
at our institution in April 2022, a change that will
enable such future studies.

Limitations

This study has some limitations. The generalizabil-
ity of these results is limited because it is a single-
center study of patients cared for by a single pri-
mary care clinician. To gain further confidence in
the validity and applicability of the predictors iden-
tified in this study, we must study these predictors
in other data sets and across diverse settings in
which ICAN is deployed within patient care.
In addition, we used the most recent data at EHR
review as a best estimate of a patient’s clinical
characteristics when they completed the ICAN
Discussion Aid. This estimate was necessary for
uniformity and convenience but was not completely

accurate, especially because treatment plan altera-
tions are expected to occur because of the ICAN
discussion. This limitation was most notable when
we considered cancer diagnoses, which may have
had a volatile yet important impact on our patients
and that we may have captured inadequately. Our
regression trees created a straightforward interpre-
tation of our results, but we acknowledge that a more
powerful predictive algorithm such as a gradient-
boosted machine likely would have produced a more
accurate model, albeit at the cost of interpretability.
Finally, our study focused on chronic diseases of inter-
est to a medical clinician as opposed to a standard list
of accepted chronic conditions, and this choice could
have introduced unintentional bias into the study.

Conclusion
We attempted to create a model that predicts which
patients will report a high number of burdens on
the ICAN Discussion Aid, and our findings illus-
trate that such a model would be useful for the ju-
dicious study and application of ICAN. In our
patient population, certain demographic and clinical

Figure 3. Final regression tree model for the number of personal burdens. Values in each leaf are as follows: top value,

mean number of burdens; center values, total number of burdens reported/total number of patients (observations); and

bottom value, percentage of all observations. Abbreviations: BMI, body mass index; GAD, generalized anxiety disorder;

MDD, major depressive disorder. (Used with permission of Mayo Foundation for Medical Education and Research)
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characteristics were associated with more burdens,
especially the characteristics of younger age, high
BMI, and a depression diagnosis. As the use of ICAN
becomes more focused, clinicians may have a bet-
ter chance of partnering with highly burdened
patients to make care fit.8 Greater investigation
of ICAN is necessary. The future goal should
be to flag at-risk patients so that more in-depth
conversations can take place to form well-fit-
ting programs that maximally support patient
goals while minimally disrupting their lives and
loves.

Kathleen Louden, ELS, senior scientific/medical editor, Mayo
Clinic, substantively edited the manuscript. The Scientific
Publications staff, Mayo Clinic, provided proofreading, admin-
istrative, and clerical support.

To see this article online, please go to: http://jabfm.org/content/
36/2/277.full.

References
1. Center for Chronic Disease Prevention and Health

Promotion, Centers for Disease Control and Prevention,
US Department of Health & Human Services [Internet].
Chronic diseases in America; 2022. Available from:

https://www.cdc.gov/chronicdisease/resources/infographic/
chronic-diseases.htm.

2. Shippee ND, Shah ND, May CR, Mair FS,
Montori VM. Cumulative complexity: a functional,
patient-centered model of patient complexity can
improve research and practice. J Clin Epidemiol
2012;65:1041–51.

3. May C, Montori VM, Mair FS. We need minimally
disruptive medicine. BMJ 2009;339:b2803.

4. Boehmer KR, Hargraves IG, Allen SV, Matthews
MR, Maher C, Montori VM. Meaningful conversa-
tions in living with and treating chronic conditions:
development of the ICAN discussion aid. BMC
Health Serv Res 2016;16(1):514.

5. Boehmer KR, Dobler CC, Thota A, et al. Changing
conversations in primary care for patients living
with chronic conditions: pilot and feasibility study
of the ICAN Discussion Aid. BMJ Open 2019;
9(9):e029105.

6. Therneau TM, Atkinson B. Recursive partitioning
and regression trees: R package rpart version 4.1-15.
Indianapolis (IN): R Foundation for Statistical
Computing; 2019

7. Kuhn M, Johnson K. Applied predictive modeling.
New York (NY): Springer; 2013.

8. Kunneman M, Griffioen IPM, Labrie NHM, et al.
Making care fit manifesto. BMJ Evid Based Med. 2021.

284 JABFM March–April 2023 Vol. 36 No. 2 http://www.jabfm.org

 on 12 M
ay 2026 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.220251R

1 on 22 M
arch 2023. D

ow
nloaded from

 

http://jabfm.org/content/36/2/277.full
http://jabfm.org/content/36/2/277.full
https://www.cdc.gov/chronicdisease/resources/infographic/chronic-diseases.htm
https://www.cdc.gov/chronicdisease/resources/infographic/chronic-diseases.htm
http://www.jabfm.org/


Appendix

Appendix Figure 1. Instrument for Patient Capacity Assessment (ICAN) discussion aid. Outside bifold of f lyer lists

open-ended questions. (Used with permission of Mayo Foundation for Medical Education and Research)
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Appendix Figure 2. Histogram of number of patient burdens. (Used with permission of Mayo Foundation for

Medical Education and Research)

Appendix Figure 3. Average Root Mean Squared Error (RMSE) across the complexity parameter for the total num-

ber of burdens. (Used with permission of Mayo Foundation for Medical Education and Research)
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Appendix Figure 4. Variable importance plot for the regression tree modeling the number of overall burdens.

Abbreviations: BMI indicates body mass index; HLD, hyperlipidemia; HTN, hypertension; MDD, major depressive disorder;

OTC, over-the-counter; RX, prescription. (Used with permission of Mayo Foundation for Medical Education and Research)

Appendix Figure 5. Variable importance plot for the regression tree modeling the number of burdens in the

patient’s personal life. Abbreviations: BMI indicates body mass index; GAD, generalized anxiety disorder; HLD,

hyperlipidemia; HTN, hypertension; MDD, major depressive disorder; OSA, obstructive sleep apnea; OTC, over-

the-counter; RX, prescription. (Used with permission of Mayo Foundation for Medical Education and Research)
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Appendix Figure 6. Final regression tree model for the number of health care burdens. Values in each leaf are as

follows: Top row, Mean No. of burdens; Center, Total No. of burdens reported/total No. of observations

(patients); and Bottom, Percentage of all observations. Abbreviations: BMI indicates body mass index. (Used with

permission of Mayo Foundation for Medical Education and Research)

Appendix Figure 7. Variable importance plot for the regression tree modeling the number of health care bur-

dens. Abbreviations: BMI indicates body mass index; HLD, hyperlipidemia; HTN, hypertension; OSA, obstructive

sleep apnea; RX, prescription. (Used with permission of Mayo Foundation for Medical Education and Research)
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