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ABSTRACT

Objective: The study sought to characterize rates of problem list completeness and duplications in common
chronic diseases and to identify any relationships that they may have with respect to disease type, demo-
graphics, and disease severity.

Materials and Methods: We performed a retrospective analysis of electronic health record data from Partners
HealthCare. We selected 8 common chronic diseases and identified patients with each of those diseases. We
then analyzed each patient’s problem list for completeness and duplications and also collected information re-
garding demographics and disease severity. Rates of completeness and duplications were calculated for each
disease and compared according to disease type, demographics, and disease severity.

Results: A total of 327 695 unique patients and 383 404 problem list entries were identified. Problem list com-
pleteness varied from 72.9% in hypertension to 93.5% in asthma, whereas problem list duplications varied from
4.8% in hypertension to 28.2% in diabetes. There was a variable relationship between demographic factors and
rates of completeness and duplication. Rates of completeness were positively correlated with disease severity
for most diseases. Rates of duplication were consistently positively correlated with disease severity.
Conclusions: Incompleteness and duplications are both important issues in problem lists. These issues vary
widely across different diseases and can also be impacted by patient demographics and disease severity. Fur-
ther studies are needed to investigate the effect of individual user behaviors and organizational policies on
problem list utilization, which will aid the development of interventions that improve the utility of problem lists.
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INTRODUCTION

Electronic health records (EHRs) play a central role in modern

immense opportunity for improvement."” In a 2015 consensus
statement, the American Medical Informatics Association

healthcare systems. They perform a multitude of functions, such
as storing patient health records, recording clinical encounters,
facilitating communication, managing orders, and serving as
databases for research. Although EHRs have improved many
workflows in medicine, such as the safety of medication orders
and the practice of evidence-based medicine, there remains an

(AMIA) EHR-2020 Task Force identified increased data entry
burden, misguided regulation, poor usability, and lack of interop-
erability as some of the most pressing issues facing modern
EHRs.? These shortcomings have been linked with higher rates
of burnout, decreased face-to-face time with patients, and lower
job satisfaction among physicians.*”’
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These shortcomings can have clinical implications as well. In
particular, the clinical documentation of a patient’s medical history
is often scattered among hundreds, if not thousands, of separate
clinical notes, making it difficult to understand the underlying medi-
cal narrative that is instrumental to medical decision making.®
Problem lists proactively address this issue by summarizing each
patient’s medical problems in a centralized location, as opposed to
reactive solutions such as search functions that simply help pro-
viders to navigate scattered information. Although ineffective prob-
lem lists are not among the most pressing issues identified by the
AMIA EHR-2020 Task Force, understanding problem list complete-
ness and duplications is essential to reduce the negative impact of in-
complete and redundant problem lists.

Problem lists are essential to clinician workflows because they
highlight critical problems that otherwise might be forgotten and
make it easier for multiple providers to coordinate the management
of each of those problems.’ Similarly, problem lists make it easier
for clinicians who are taking care of new patients to familiarize
themselves with a patient’s critical problems quickly and efficiently.
This is especially important in fast-paced environments like the
emergency department, where an in-depth review of the medical re-
cord is not always practical."

Maintaining complete problem lists is particularly important be-
cause it can improve patient care in tangible ways, especially with
tasks that are more susceptible to lapses in memory; these include the
consistent prescribing of cardiovascular medications in patients with
heart failure and the thorough follow-up of medical issues in the am-
bulatory setting.”"! Incomplete problem lists also engender distrust in
the overall reliability of problem lists. This can lead to a “tragedy of
the commons” situation in which providers react to incomplete prob-
lem lists by refusing to use or update them, which only exacerbates the
problem.'? Despite their importance, in practice, problem lists are of-
ten incomplete, redundant, or even inaccurate.'®'* Furthermore, they
often fail to document critical semantic information, beyond diagnos-
tic codes, that is essential to medical decision making.'* Without auto-
mated, easy-to-use tools to maintain problem lists efficiently,
providers are left to manage them manually, which is often unfeasible.
Consequently, the clinical utility of problem lists often languishes over
time as they remain incomplete and accumulate duplicates.

Previous studies of problem list utilization have typically focused
on problem list completeness. One study found that problem list com-
pleteness for patients with diabetes ranged from as little as 60.2% to
99.4%, depending on the presence of “positive deviance” factors, such
as financial incentives.'® Such stark differences in problem list com-
pleteness may also be related to healthcare providers’ diverse attitudes
toward issues such as problem list ownership and content.'*'”' From
an interventional perspective, clinical decision support tools, auto-
mated alerts, and machine learning may play a role in improving prob-
lem list completeness across a wide range of diseases.'* 2!

Problem list duplications are an equally important issue. They
are essentially an analogous manifestation of “note bloat,” which
has been faulted by the AMIA EHR-2020 Task Force for filling clin-
ical documentation with distractors and often redundant, unread-
able, or unreliable information.>*?7** Duplications compromise the
fundamental purpose of problem lists: to provide a comprehensive,
yet palatable, medical overview of a patient. Although some dupli-
cations are useful in explicitly identifying disease attributes such as
complications and stages, they often simply present redundant infor-
mation multiple times. At best, these redundancies are purely visual
distractions that slow providers down, but at their worst, they can
become so visually and cognitively burdensome that they obscure

other crucial health issues from providers. Redundant entries can
also cause confusion through inconsistencies, and they can interfere
with problem-based charting by providing multiple, disparate chan-
nels for the documentation of a single issue. Thus, resolving duplica-
tions is key to improving problem lists, but this issue has not been
well studied in the literature.

Similarly, little is known about the effect of patient factors, such
as demographics and disease severity, on problem list utilization.
This information can help focus future EHR interventions on spe-
cific patient populations that are most vulnerable to the aforemen-
tioned negative effects of incomplete and duplicated problem lists.
We hypothesize that problem list completeness improves for patients
who fit classic presentations of disease and who have more severe
disease. If this is truly the case, interventions should reduce this bias
so that more patients with all kinds of presentations and disease
states can have a complete problem list. We also hypothesize that
problem list duplications increase for patients with high healthcare
utilization and more severe disease, so future interventions should
reduce duplications for these particular patients.

MATERIALS AND METHODS

Data source and patient identification

We conducted a retrospective analysis of EHR data from Partners
HealthCare, which uses Epic Systems Corporation (Verona, WI) as
its commercial EHR vendor. We focused on 8 common chronic dis-
eases: Crohn’s disease, ulcerative colitis, depression, schizophrenia,
diabetes, hypertension, asthma, and epilepsy. For each of these dis-
eases, diagnostic criteria were developed, as detailed in Supplemen-
tary Table 1. These criteria were used to identify patient populations
having each disease of interest between January 1, 2018, and July
31, 2019. Patients could belong to multiple disease populations if
they fulfilled multiple sets of criteria.

Data analysis

EHR data were collected and analyzed during September 2019. Each
of the 8 disease populations was analyzed separately. For each disease
population, a disease-specific problem list “status” was assigned to
each patient based on the number of their outpatient problem list
entries pertaining to that specific disease. Disease-specific entries were
identified using the International Classification of Diseases—Tenth
Revision (ICD-10) codes linked to each entry, as detailed in Supple-
mentary Table 2. “Incomplete” problem lists had zero entries related
to the disease. “Complete” problem lists had one or multiple entries
related to the disease. “Duplicated” problem lists had multiple entries
related to the disease. The “complete” and “duplicated” problem list
statuses were both simultaneously assigned to any patient who had
multiple entries related to the disease. Our definition of duplications
assumed that ideally, only one problem list entry should exist for any
single high-level ICD-10 code.

Additional data, such as age, sex, and lab results, were also col-
lected. These additional parameters were used to assess disease se-
verity in each patient, as detailed in Supplementary Table 3.

Using RStudio (v3.5.1) (Boston, MA), rates of problem list com-
pleteness and duplication for each disease population were calcu-
lated and compared according to disease type, patient
demographics, and disease severity. In the age analyses, patients
were separated into 3 age groups which roughly correspond to pedi-
atric, adult, and geriatric populations: 0-20, 20-65, and 65+ years
of age, respectively. Two-proportion z-tests were used to compare



1192

Journal of the American Medical Informatics Association, 2020, Vol. 27, No. 8

Table 1. Baseline characteristics of each disease population

Disease Mean age, y Female (%) Population Size Problem list entries®
Asthma 52.4 62.1 38502 1.10
Crohn’s disease 451 52.0 3881 1.20
Depression 52.8 67.1 49725 1.04
Diabetes 64.8 45.5 61 441 1.38
Epilepsy 48.2 50.7 11292 1.13
Hypertension 66.9 52.5 233 535 0.78
Schizophrenia 49.0 34.3 995 0.92
Ulcerative colitis 49.1 54.6 3517 1.01
“Represents the average number of problem list entries related to the disease per patient.
Complete - 1 Entry  » Complete (Duplicated) - 2+ Entries ™ Incomplete - 0 Entries A m65tyo m20-65vo - 020yo
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- .
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Schizophrenia S 12% I =292
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Figure 1. Rates of completeness, duplication, and incompleteness for each B m65+yo w20-65y0 020 yo
disease.
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. . . . Lo -
how rates of completeness and duplication varied according to
patient demographics and disease severity. A P value of <.05 was Crohn's Discase T 15 |
. s s | 27
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Hypetension I 36
) — 33
Regulatory compliance
. o I 1.9
This study was approved by the Partners HealthCare Institutional Uleerative Colitis =121

Review Board (Protocol #2009P001846) and the Harvard Medical
School Institutional Review Board.

RESULTS

Overall population characteristics

A total of 327 695 unique patients and 383 404 problem list entries
were identified across the 8 disease populations. For each disease
population, baseline characteristics and average number of problem
list entries related to the disease per patient are shown in Table 1.

Overall rates of completeness, duplication, and
incompleteness

Figure 1 summarizes the overall rates of completeness, duplication,
and incompleteness for the 8 diseases. Rates of completeness
remained approximately in the 70%-90% range, with asthma hav-
ing the highest rate at 93.5% and hypertension having the lowest
rate at 72.9%. Rates of duplication varied more widely across the
diseases. All diseases except hypertension had a duplication rate of
at least 10%. Hypertension had the lowest rate of duplication at
4.8%, and the highest rate was 28.2% in diabetes. The proportion
of patients with only one entry did not vary as much, remaining
within the 65%-75% range for all diseases, except for asthma,
which had a rate of 79.3%.

0 5 10 15 20 25 30 33 40

Rate of duplication (%)

Figure 2. Relationship between age group and rates of completeness and
duplications. Only diseases with a clear trend in this relationship are shown.
We analyzed the relationship (A) between age group and rates of complete-
ness and (B) between age group and rates of duplications.

Effect of demographics
For only certain disease populations, there was a relationship be-
tween demographic factors like age and sex, and rates of complete-
ness and duplication. As shown in Figure 2, on the one hand, rates
of completeness increased with increasing age in the depression and
hypertension populations; on the other hand, completeness de-
creased with increasing age in patients with asthma. Rates of dupli-
cation also sometimes varied between different age groups. For
patients with asthma and hypertension, rates of duplication in-
creased with increasing age; on the other hand, rates of duplication
decreased with increasing age in the Crohn’s disease and ulcerative
colitis populations. In the schizophrenia, diabetes, and epilepsy pop-
ulations, there was no clear relationship between age group and
rates of completeness and duplication (data not shown).

Similarly, rates of completeness and duplication varied according
to patient sex for only some diseases, as summarized in Table 2. On
the one hand, female patients with asthma, depression, or diabetes
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Table 2. Relationship between patient sex and rates of completeness and duplication

Rates of completeness, % Rates of duplication
Disease Female, % Male, % QOdds ratio Female, % Male, % QOdds ratio
Asthma 94.0 = 0.3 92.7 0.4 0.99° 14.7 £ 0.4 13.2£0.5 0.90°
Crohn’s disease 91.0 = 1.2 89.5 1.4 0.98 21.9+1.8 21.3+1.9 0.97
Depression 85.8 £0.4 83.4 £ 0.6 0.97° 15.1 0.4 154+ 0.6 1.02
Diabetes 93.6 = 0.3 92.9+0.3 0.99° 28.3+0.5 282 +0.5 0.99
Epilepsy 85.6 = 0.9 85.7 0.9 1.00 21.0 = 1.1 199 £ 1.1 0.95
Hypertension 72.0 * 0.3 73.9 0.3 1.03° 5.0*0.1 4.6 +0.1 0.92°
Schizophrenia 73.9 = 4.7 78.6 = 3.1 1.06* 11.4 £ 3.4 12.5+2.5 1.10
Ulcerative colitis 85.8 1.6 85.5+1.7 0.99 12.0 £ 1.5 123+ 1.6 1.02

Values are mean =+ SE. Odds ratios were calculated using the female group as the referent.

2P <.05; PP <.001.

Table 3. Relationship between disease severity and rates of completeness and duplication (all diseases, except diabetes and hypertension)

Rates of completeness

Rates of duplication

Disease Less severe, % More severe, % QOdds ratio Less severe, % More severe, % QOdds ratio
Asthma 93.4 0.3 952+ 1.3 1.022 13.5 0.3 38.4 3.0 2.85¢
Crohn’s disease 88.7 £ 1.7 92.0 +1.3 1.04¢ 193 +2.1 27.0 £2.1 1.40°
Depression 84.4 £ 0.5 85304 1.01° 11.5 £ 0.5 17.0 £ 0.4 1.48°
Epilepsy 84.1 £ 0.7 96.3 = 1.0 1.14¢ 16.1 £ 0.7 51.3*+2.6 3.20°¢
Schizophrenia 79.4 4.9 76.1 £ 3.1 0.96 53x27 14.6 = 2.6 2.73¢
Ulcerative colitis 83.1 £ 2.1 85.5+£2.0 1.03 11.4 £ 1.8 17.8 £2.2 1.56°

Values are mean + SE. Odds ratios were calculated using the “less severe” disease group as the referent. Refer to Supplementary Table 3 for definitions of dis-

ease severity.
“P<.05; P <.01; P <.001.

had higher rates of completeness compared with male patients
(P <.001); on the other hand, male patients with hypertension and
schizophrenia had higher rates of completeness than female patients
(P <.05). Rates of duplication were higher in female patients with
asthma and hypertension than in male patients (P <.001). In
Crohn’s disease, epilepsy, and ulcerative colitis, there was no clear
relationship between sex and rates of completeness and duplication.

Effect of disease severity

As shown in Table 3 and Figure 3, 6 of 8 diseases demonstrated a
positive correlation between rates of completeness and disease sever-
ity, whereas all diseases demonstrated a strong positive correlation
between rates of duplication and disease severity.

For Crohn’s disease, patients with more severe disease had a
higher rate of completeness at 92.0%, compared with 88.7% in
their counterparts with less severe disease (P <.001). In the ulcera-
tive colitis population, patients with more severe disease had a
slightly higher rate of completeness at 85.5%, compared with
83.1% in their counterparts, but this was not statistically significant.
For both Crohn’s disease and ulcerative colitis, patients with more
severe disease had higher rates of duplication at 27.0% and 17.8%,
respectively, compared with 19.3% and 11.4% in their counterparts
(P <.001).

For patients with depression, the rate of completeness was higher
at 85.3% in those with more severe depression, compared with
84.4% in their counterparts (P <.01). In patients with schizophre-
nia, there was no significant difference in rates of completeness be-
tween the 2 groups. For both disease populations, rates of

duplication were higher in patients with more severe disease.
Patients with more severe depression had a higher duplication rate
of 17.0%, compared with 11.5% in their counterparts (P <.001),
and patients with more severe schizophrenia had a higher duplica-
tion rate of 14.6%, compared with 5.3% in their counterparts
(P <.001).

In patients with diabetes, rates of completeness and duplication
were generally positively correlated with average hemoglobin Alc
(HgbAlc) score, as shown in Figures 3A and 3B. Patients with
HgbAlc scores in the 6.5%-7.5% range had the second-lowest rate
of completeness at 92.6%, as shown in Figure 3A. This was signifi-
cantly lower than the rates of completeness for patients in the 7.5%-
8.5%, 8.5%-9.5%, and 9.5%-10.5% ranges (P <.02). Among these
latter 3 groups, there was no significant difference in rates of com-
pleteness. Interestingly, patients with HgbAlc scores above 10.5%
had the lowest rate of completeness of all 5 groups, at 91.1%
(P <.001). The results for rates of duplication were similar, as
shown in Figure 3B. Patients with HgbAlc scores in the 6.5%-7.5%
range had the lowest rate of duplication, at 24.4% (P <.001). The
rate of duplication increased to 29.7%, 33.9%, and 34.8%, respec-
tively, for the next 3 consecutive HgbAlc score groups. For patients
with scores above 10.5%, the rate of duplication was 32.4%, which
was lower than that of the 9.5%-10.5% HgbAlc group directly
below (P <.02).

Similar findings were observed in patients with hypertension, as
shown in Figures 3C and 3D. In patients with hypertension, rates of
completeness generally increased with increasing average systolic
blood pressure (SBP), as shown in Figure 3C. The rate of complete-
ness was lowest at 47.6% for patients with an average SBP of
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Figure 3. Relationship between disease severity and rates of completeness and duplications for diabetes and hypertension. We analyzed the relationship between
average hemoglobin A1c (HgbA1c) score and rates of (A) completeness and (B) duplications. We analyzed the relationship between average systolic blood pres-

sure and rates of (C) completeness and (D) duplication.

100-120 mm Hg, and it was highest at 81.0% in patients with an av-
erage SBP of 140-160 mm Hg. Similar to the findings in the diabetes
population, the rate of completeness in the group with the highest
SBP (>160 mm Hg) was the second highest, at 78.8%. Rates of du-
plication were strongly positively correlated with average SBP, as
shown in Figure 3D. The 95% confidence intervals for all 4 groups
did not overlap in the analysis of duplications.

In patients with asthma, the rate of completeness for patients
with more severe asthma was higher at 95.2%, compared with
93.4% in those with less severe asthma (P <.02). Similarly, those
with more severe asthma had higher rates of duplication at 38.4%,
compared with 13.5% in their counterparts (P <.001).

Similar trends were observed in patients with epilepsy. Rates of
completeness were higher in those with more severe epilepsy, at
96.3%, compared with 84.1% in their counterparts (P <.001).
Rates of duplication were also higher in those with more severe epi-
lepsy, at 51.3%, compared with 16.1% in their counterparts
(P <.001).

DISCUSSION

Overview of rates of completeness, duplication, and
incompleteness

Rates of completeness were relatively stable in the 70%-90% range
across all diseases. Rates of duplication were generally greater than
rates of incompleteness, averaging 16.1% and 14.6% across the dis-
eases, respectively, suggesting that the burden of duplications was
slightly higher than that of incompleteness in these populations.

Across the diseases, the proportion of patients specifically with
only 1 problem list entry remained relatively consistent in the 65%-
75% range, except for asthma. In contrast, the proportion of
patients with duplicated entries was much more variable, ranging
from 4.8% in hypertension to 28.2% in diabetes. This suggests that
most of the variation in rates of completeness is specifically attribut-
able to variations in rates of duplication, not the rates of single-entry
problem lists. In other words, providers consistently provide 65%-
75% of patients with 1 and only 1 problem list entry, regardless of
the disease. However, for some diseases more than others, providers
have a variable tendency to create duplications, likely because of
disease-specific differences in the number of problem list-encodable
attributes, such as complications and disease stages.

Effect of demographics

In only some diseases, we found a relationship between demo-
graphics and rates of completeness and duplications. This relation-
ship was most apparent in diseases that are more prevalent within a
specific demographic group. In hypertension, which is more preva-
lent in older adults, rates of completeness were positively correlated
with age, whereas the opposite trend was observed in asthma, likely
because asthma is more common in children.

There were similar findings with regard to sex. Depression and
hypertension, which are more prevalent among female and male
patients, respectively, demonstrated higher rates of completeness in
these same demographic groups. Of note, this relationship was re-
versed when evaluating rates of duplication in patients with hyper-
tension, with female patients having a higher rate of duplication
than male patients. One possible explanation is that some
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hypertension-related problem list entries are more specific to female
patients, such as “gestational hypertension.”

All of these findings suggest that there is no universal relation-
ship between demographics and rates of completeness and duplica-
tion. Even when there is a relationship, its effect size is small,
especially when compared with that of disease severity. This effect
also tends to be smaller for completeness than for duplications. Nev-
ertheless, a relationship is more likely to be present if a disease is
more prevalent in a specific, “classic” demographic group. If a pa-
tient matches the “classic” presentation, they may be more likely to
have a complete problem list—either because the provider is more
primed to remember to maintain a complete problem list, or because
the provider is more confident about officially listing the diagnosis
in the problem list. For patients with atypical presentations, the op-
posite is likely true, and they may be more likely to have an incom-
plete problem list and all of its associated detrimental effects. Thus,
future EHR interventions might focus on providing additional
prompts for providers who are treating patients with less typical pre-
sentations in order to avoid perpetuating this bias.

Effect of disease severity

Compared with demographics, there was a more consistent relation-
ship between disease severity and completeness and duplications,
with only 2 diseases failing to demonstrate a relationship with com-
pleteness. The effect of disease severity on completeness was similar
in magnitude to that of demographics, but the effect of disease sever-
ity on duplications was substantially greater than that for both com-
pleteness and demographics. One notable finding is that in the
diabetes population, patients with HgbAlc scores above 10.5% had
lower rates of completeness and duplication than was expected.
This finding was also observed in patients with hypertension who
had average SBP above 160 mm Hg. One possible explanation for
these unexpected findings is that patients who have the highest
HgbAlc scores or average SBP represent patients with less access to
care or those with more uncontrolled, but asymptomatic, disease
who may not have been diagnosed until only recently; therefore,
providers may have had fewer encounters with these patients and
had fewer opportunities to create complete or duplicated problem
lists.

The positive correlation between duplications and disease sever-
ity may be the result of more severe disease states leading to more
systemic complications that can be separately documented in the
problem list. Patients with more severe disease may also have more
healthcare providers and more encounters with the healthcare sys-
tem, leading to a concomitant increase in duplications and docu-
mentation in general. The problem may then be exacerbated by
providers” unwillingness to edit or remove other providers’ entries,
leading to the inevitable accumulation of duplications. Finally, prob-
lem list entries in this particular EHR are often automatically copied
from billing diagnoses, which financially incentivize the explicit list-
ing of all complications, thereby exacerbating the issue.

In contrast to the consistent positive correlation between dupli-
cations and disease severity, there was a weaker, less consistent posi-
tive correlation between completeness and disease severity. This
suggests that providers are relatively better at maintaining complete
problem lists for all patients, regardless of disease severity. How-
ever, they struggle more with maintaining complete problem lists for
patients with less severe and less symptomatic disease, likely because
these patients have fewer providers and fewer visits—both of which
limit the opportunities to maintain the problem list. Future EHR

interventions should continue to address the issue of incompleteness,
especially for patients with insidious or asymptomatic disease,
which would otherwise have a higher likelihood of being underrep-
resented in the problem list. Future interventions should also reduce
duplications, especially in patient populations with high healthcare
utilization and more severe disease because these populations are
more vulnerable to the detrimental effects of duplications. Even sim-
ply organizing duplications by disease or system may be immensely
effective in reducing their visual and cognitive burden.

Limitations

Our dataset was limited to EHR data from Partners HealthCare,
which predominantly provides tertiary and quaternary academic re-
ferral care in a metropolitan area. As a result, the patients and pro-
viders in this healthcare organization are not necessarily
representative of the general U.S. population. Our EHR dataset was
derived from the Epic commercial EHR only and did not capture
any healthcare information from other healthcare organizations.
The study was also limited in scope to 8 chronic diseases.

There are also inherent limitations to using EHR data. Many pa-
tient records had incomplete data, such as missing blood pressure
measurements and lab values. For the purpose of calculations and
statistical tests, any missing values were censored, which likely
introduces bias into our analyses because patients with missing data
may be inherently different from those with all of the available data.
Furthermore, the definitions for each of our diseases were limited to
the structured data within the EHR database and therefore did not
incorporate clinical input from healthcare providers. As a result, our
method of identifying patients with each disease may have failed to
capture patients with well-controlled disease, patients without the
requisite lab values, and patients who have a significant amount of
care provided by other organizations. Similarly, our definitions of
problem list completeness and duplications were solely dependent
on the number of problem list entries, rather than relying on the ac-
tual clinical information contained within the entries themselves.
Our definition of duplications also assumed that there should ideally
be no more than one entry for any high-level ICD-10 code; this as-
sumption was likely oversensitive because it assumed that all dupli-
cates were not useful, which is not always the case. We are not
aware of any prior literature that defines duplications differently.
We also relied on ICD-10 codes to determine which problem list
entries belonged to which disease. Without manual review of each
chart, this method failed to capture any entries that were created
manually and also precluded us from analyzing the semantic infor-
mation within the comments section of each problem list entry.

Finally, for all diseases except depression, asthma, and epilepsy,
there were significantly smaller sample sizes within the pediatric
populations, leading to the potential for more random variation in
this specific population.

Suggestions for future work

Because our study focused on characterizing aggregate rates of com-
pleteness and duplication strictly at the disease-level, future studies
should assess how rates of completeness and duplication vary by
provider or healthcare setting. It is likely that individual provider us-
age habits or healthcare organization policies play a large role in
shaping the overall patterns of problem list utilization. Similarly,
software design may affect the way problem lists are utilized, so re-
peating this study with another EHR vendor may potentially yield
different results. Our study also did not evaluate the unstructured
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content of the comments section in problem lists. Future studies into
the unstructured content of problem lists are warranted and may
provide insight into the types of unstructured information that pro-
viders often input into problem lists.

While our findings provide novel, more thorough characteriza-
tions of the current shortcomings in problem list utilization patterns,
they do not elucidate why these shortcomings occur in the first place
or how these shortcomings affect efficiency, quality, and safety. This
is a domain that we plan to study in the future. Future studies should
qualitatively analyze provider behaviors, usage patterns, and opin-
ions with regard to problem list utilization, completeness, duplica-
tion, and maintenance. This information will be instrumental to the
future development of organizational policies and EHR interven-
tions that can address these issues. Future interventions should di-
rectly reduce the burden of problem lists currently being shouldered
by providers. This might involve natural language processing and
other tools that automatically manage problem lists based on data,
especially notes, that providers already generate. Institutions and
professional organizations also play a role in promoting best practi-
ces and policies that improve problem list utilization.'* Last, pru-
dent regulation can encourage effective problem list utilization by
linking best practices to financial incentives and quality measure-
ments.

CONCLUSION

We analyzed problem list utilization across 8 chronic diseases, fo-
cusing on how problem list completeness and duplications vary
according to disease type, demographics, and disease severity. Over-
all, rates of problem list completeness and duplication varied widely
across the different diseases. Demographic factors such as age and
sex did not consistently affect problem list completeness and dupli-
cation, except in certain cases in which demographics are essential
to the medical conception of the disease. In contrast, we found that
problem list completeness and duplications are often positively cor-
related with disease severity. These findings demonstrate the short-
comings of current problem list utilization habits and highlight the
need for further research into this vital function of the EHR.
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