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Summary
Objective: Clinical decision support (CDS) has been shown to improve process outcomes, but over-
alerting may not produce incremental benefits. We analyzed providers’ response to preventive care 
reminders to determine if reminder response rates varied when a primary care provider (PCP) saw 
their own patients as compared with a partner’s patients. Secondary objectives were to describe 
variation in PCP identification in the electronic health record (EHR) across sites, and to determine 
its accuracy.
Methods: We retrospectively analyzed response to preventive care reminders during visits to out-
patient primary care sites over a three-month period where an EHR was used. Data on clinician re-
quests for reminders, viewing of preventive care reminders, and response rates were stratified by 
whether the patient visited their own PCP, the PCP’s partner, or where no PCP was listed in the 
EHR. We calculated the proportion of PCP identification across sites and agreement of identified 
PCP with an external standard.
Results: Of 84,937 visits, 58,482 (68.9%) were with the PCP, 10,259 (12.1%) were with the PCP’s 
partner, and 16,196 (19.1%) had no listed PCP. Compared with PCP partner visits, visits with the 
patient’s PCP were associated with more requested reminders (30.9% vs 22.9%), viewed reminders 
(29.7% vs 20.7%), and responses to reminders (28.7% vs 12.6%), all comparisons p<0.001. Visits 
with no listed PCP had the lowest rates of requests, views, and responses. There was good agree-
ment between the EHR-listed PCP and the provider seen for a plurality of visits over the last year 
(κ=0.917).
Conclusions: A PCP relationship during a visit was associated with higher use of preventive care 
reminders and a lack of PCP was associated with lower use of CDS. Targeting reminders to the PCP 
may be desirable, but further studies are needed to determine which strategy achieves better pa-
tient care outcomes.
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1. Introduction
The provision of primary medical care is associated with an increased life span, fewer lower birth-
weight babies, and lower all-cause mortality [1]. These benefits accrue from a primary care provider 
(PCP) seeing the same panel of patients over time. Identification of this panel is important for con-
tinuity of care, care coordination, and evaluating the cost, quality, and patient experience that a 
single provider delivers [2].

Clinical decision support (CDS) provides clinicians with knowledge and information at a rel-
evant time to improve patient care [3]. Extensive research supports improved processes of care in 
general [4], in primary care settings [5], for preventive care [6], and in quality of care for diabetes 
and heart disease [7]. A systematic review of the impact of CDS on process and outcomes of care re-
ported a median improvement of 4.2% [8].

While CDS typically presents reminders or alerts to whomever is using the electronic health rec-
ord (EHR), in group practice settings many providers use the same record for different purposes and 
types of visits. For example, reminders for preventive care may not be seen as relevant when a pa-
tient is being seen by the PCP for an acute problem or when a patient is being seen by a PCP’s 
partner for acute illness care. Presenting the same reminders to all providers at all visits may con-
tribute to inappropriately ignored or overridden alerts, so called “alert fatigue” [9] and result in re-
duced response rates. Despite the value of CDS, its low effectiveness remains a challenge [10] with 
override rates for medication-related CDS as high as 49–96% [9]. It is easy to see how PCPs can be 
overwhelmed: one study found that PCPs were presented with an average of 56 asynchronous alerts 
per day – in addition to drug-related alerts – and spent 49 minutes on average per provider respond-
ing to them [11]. However, there could be an incremental benefit in showing a reminder to every 
provider, regardless of who is seeing the patient, resulting in additional appropriate care. Providers 
have indicated a desire for targeted alerting and the ability to indicate user preferences [12]. EHRs 
may attempt to target CDS by specialty, but to remind only the PCP, the PCP must be accurately 
identified in the EHR.

1.1 Objectives
Given these issues for CDS in a primary care setting, we undertook this study to understand PCP 
identification in the EHR, assess the accuracy of PCP identification, and determine whether re-
sponse to preventive reminders varies with the provider’s relationship to the patient during a visit.

2. Methods

2.1 Design and Inclusion Criteria
We conducted a cross-sectional analysis of adult outpatient visits to PCPs at primary care sites. Visits 
by patients over 18 years of age to PCPs in Internal Medicine, Family Medicine, Internal Medicine-
Pediatrics or student health (largely Family Medicine) over a 3-month period in late 2013 were in-
cluded. Visits to resident physicians were excluded.

2.2 Setting
Visits occurred in outpatient primary care practices that are owned or operated by MedStar Health, 
a not-for profit health system in the metropolitan Baltimore, MD and Washington, DC area with 
5600 physicians and over 2 million total outpatient visits (including emergency room visits) an-
nually at the time the study was conducted [13]. The organization shared a common EHR for out-
patient sites during the time of the study.

A third-party decision support system was installed which displayed a yellow alert button indi-
cating that reminders for the patient were available. Providers had to click this button to view rem-
inders and take action.
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All preventive reminders displayed by the system were included in the study. Those included 
reminders for vaccines (influenza and pneumococcal), preventive care (pap smears, mammography, 
HIV screening), and cardiovascular prevention (Million Hearts Initiative [14] which included as-
pirin, blood pressure control, lipid management, and smoking). Responses to medication alerts were 
tracked and displayed by a different system and were not included.

2.3 Data Extraction, Definitions and Analysis
EHR data was obtained by querying an internal data warehouse using a vendor-licensed data extrac-
tion tool, which received regular data extracts from the EHR. Research data was analyzed with SPSS 
21 (IBM Software). Data on visits from October to December 2013 were included and queries were 
run between January and March 2014. Demographic data about patients and PCPs, site of care, and 
decision support data were collected for these visits.

We defined the EHR PCP during a visit as the PCP listed in the EHR for the patient at the time of 
the query. The “provider seeing the patient” was defined as the provider responsible for the visit 
note. “PCP visits” were defined when the EHR PCP was the same as the provider responsible for the 
note. “Non-PCP visits” were defined as those where the EHR PCP and the provider responsible for 
the note did not match. Finally, “No-PCP visits” where identified when no provider was listed in the 
EHR as PCP. Providers were matched by using the National Provider Identifier (NPI) number.

We assessed the accuracy of the PCP listed in the EHR using the plurality PCP method as de-
scribed by Pham et al. [15]. This method assigns as PCP the provider who saw the patient for a plu-
rality of visits over the prior year. Therefore the provider for visits during the year leading up to the 3 
months of visits was also extracted.

The EHR automatically tracked clinician behavior in response to preventive care reminders. A 
“request” was recorded when a user clicked the reminder button requesting a list of reminders that 
were due. A “view” was recorded when a user viewed an individual reminder in detail. A “response” 
was recorded when a user responded to a reminder. A response could include carrying out the rec-
ommended action, test ordering, recording a refusal, or indicating that the test was previously per-
formed.

2.4 Outcomes and Statistical analysis
Since the outcome of interest was response to reminders during visits, the visit was used as the unit 
of analysis rather than the patient. The primary outcome for the study was the unadjusted rate of 
reminder response during a PCP visit as compared with a non-PCP visit. An a priori sample size cal-
culation using α=0.05 and β=0.80 for the primary outcome found that 1094 visits needed to be in-
cluded in each of these two groups.

Secondary outcomes included rates of reminder requesting and viewing for PCP visits, non-PCP 
visits, and no-PCP visits. Proportions of response types were compared using the Chi-square stat-
istic. For PCP accuracy, we compared the patient’s PCP as listed in the EHR with the PCP for the pa-
tient by plurality method using the kappa statistic (note that this is by patient not by visit, since a pa-
tient makes multiple visits but can only have one PCP and one plurality provider).

We calculated the number needed to get one reminder response for each PCP identified (instead 
of conducting a no-PCP visit) as 1/(PCP group visit response rate – no-PCP visit response rate). The 
number needed to get one reminder response for each visit scheduled with the PCP (instead of PCP 
partner) was calculated as 1/(PCP group visit response rate – non-PCP visit response rate).

The MedStar Health Research Institute Institutional Review Board reviewed and approved the 
study.
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3. Results

3.1 PCP Identification
A study flow diagram is shown in ▶ Figure 1. 84,937 non-resident visits to primary care sites oc-
curred during the three-month time frame. For 80.9% of the visits, a PCP was identified, and for 
19.1%, no PCP was identified. Of all visits, 68.9% were to the patient’s PCP and 12.1% were not with 
the PCP.

Providers for visits were predominantly physicians (89.4%) in primary care specialties including 
Internal Medicine (77.6%), Family Medicine (17.3%), and Medicine-Pediatrics (1.06%). The re-
maining 4.1% were classified as “Student Health” (▶ Table 1). The age distribution of patients was
bimodal, with a median age of 56, and a smaller peak at 28 years (data not shown). During the three-
month study period, 67,805 patients made one or more visits. There were 505 unique PCPs ident-
ified during these visits of which 90.9% were physicians (▶ Appendix 1). Internal Medicine was the
most common specialty for PCPs (80.1%) followed by Family Medicine (18.7%).

3.2 Accuracy of PCP identification in the EHR
We calculated the PCP for each patient for the prior year by the plurality method and compared the 
result to the PCP listed in the EHR at the time of data extraction. For the 50,778 unique patients 
where both a PCP and plurality provider could be established, the kappa for agreement between 
listed PCP and calculated plurality PCP was 0.917 (p < 0.001, SE ± 0.001).

The percent of visits where a PCP was listed in the chart varied widely among the 62 patient-care 
sites (▶ Appendix 2). The median value for percent of visits to the EHR-identified PCP was 95.1% of
visits, however the interquartile range was 67.7 – 99.1%. A few sites rarely identified PCPs, but most 
sites typically identified one. The continuity of care as measured by the percent of visits to the PCP 
also varied widely. Again, there was a large range, but the median value among sites was 80.3% (in-
terquartile range 35.7% – 90.9%). Both of these distributions were negatively skewed with a tail at 
the lower percentages.

3.3 Provider Response to Reminders
Analysis of provider response to reminders was limited to those visits where the provider respon-
sible for the document was a provider with a NPI number, which included physicians assistants, 
nurse practitioners, and physicians. With this added constraint, 84,907 visits were eligible (▶ Table
2). Providers requested decision support reminders in 25.2% of these visits, viewed the reminder in 
detail in 24.3%, and responded with some action in 23.5%.

For the primary outcome of reminder response rate, providers responded to reminders in 28.7% 
of PCP visits compared with 12.6% of non-PCP visits (p <0.001). This pattern was consistent for sec-
ondary outcome behaviors: provider requesting, viewing, and taking action in response to the rem-
inder were all significantly different across the three visit types (p <0.001). Providers were signifi-
cantly more likely to request, view, and respond to reminders during PCP visits as compared with 
non-PCP visits (p <0.001 for each of the three pairwise comparisons). These findings are illustrated 
in ▶ Figure 2.

If a PCP were to be identified for a patient before a no-PCP visit – effectively switching the visit 
groups – we would expect that the reminder response rate would improve to those seen in the PCP 
group. The absolute increase in reminder response from adding a PCP for each no-PCP visit found 
in the study was 21.7%. We can therefore calculate a “number needed to treat:” 4.6 PCPs would need 
to be identified before no-PCP visits to gain one additional reminder response (for the three-month 
period). Similarly, by improving continuity of care, and scheduling non-PCP visits with the PCP, the 
absolute increase in reminder response would be 16.1%. The number of patients that would need to 
be scheduled with the PCP instead of a non-PCP for each reminder response is 6.2.
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4. Discussion

4.1 Main findings
There are three main findings arising out of this analysis. First, the vast majority of patient records in 
the EHR system list a primary care provider (95%), and deficiencies in this regard are primarily by 
practice site. Second, the listed primary care provider is largely accurate when compared to a calcu-
lation based on a plurality of visits in the prior year. Third, reminders were far more likely to prompt 
a response by the provider when delivered during a visit with the patient’s primary care provider 
than when delivered during a visit with another provider.

4.2 Interpretation in the context of published literature
There is a body of literature suggesting that patient care outcomes are improved by continuity of 
care and primary care [1] but this literature was published before widespread EHR adoption, and so 
does not examine improved care and CDS. There are very few contemporary studies that examine 
primary care and CDS, but the present study is consistent with what has been reported previously. 
Ferrante et al found that receipt of preventive care services was associated both with having a per-
sonal physician and with the use of CDS tools, but did not connect primary care directly with CDS 
[16]. The median increase in process improvement found in a systematic review of CDS [8] is con-
sistent with the difference between the groups found in our study. Other studies have also identified 
physician variation in CDS use. For example, studies found that not every physician makes use of 
every EHR feature, and that primary care, patient-centeredness, and larger practice size were factors 
predicting use [17] as were physicians’ uncertainty beliefs [18]. And while imaging ordering in-
creases in practices with an EHR, prior doctor visits with the patient (continuity of care) reduced the 
odds of imaging ordering [19].

4.3 Discussion of Findings
It is not clear why some sites in the system have much lower percent of their patients with a listed 
PCP. It is possible that more urgent care visits, a higher turnover of patients, providers, or staff, 
weaker workflow procedures, or any number of patient characteristics may result in lower PCP 
identification. Stronger office and institutional policies and improved workflows surrounding PCP 
identification may be possible remedies.

Inaccuracies in PCP identification are likely to occur when the patient changes the provider in a 
practice who is acting as PCP. It seems likely that some inaccuracy with PCP turnover is inevitable. 
Lack of any PCP identification was higher than expected and may be due to oversight in PCP identi-
fication. Given our results, efforts should be made to verify and update PCPs at each visit.

Higher PCP response to reminders during PCP visits may be attributed to a variety of factors. A 
key factor is likely to be relevance to the visit and the type of visit, for example preventive, acute care, 
chronic care. Primary care visits to the PCP typically address preventive care to some degree regard-
less of chief complaint, so reminders on preventive topics may have been sought and used. Another 
possibility is that non-PCP visits (ie to PCP partners) are more often for acute illness or episodic vi-
sits where preventive care is a less critical part of the agenda. Patient expectations during non-PCP 
visits may not include preventive care, resulting in less provider use of reminders, or time pressures 
may be higher in these visits.

4.4 Implications for Practices and Organizations
With widespread adoption of primary care medical homes, care coordination, and quality measure-
ment, health care organizations will depend upon accurate identification of the provider who is re-
sponsible for each primary care patient. Clear and complete PCP identification will allow attribution 
of quality measures to the PCP, making them more realistic and valid, rather than attributing 
measures to the last provider who saw the patient. An enterprise policy and recommended work-
flow for PCP identification in the EHR would be advisable.
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When listed in the EHR, the PCP provided was shown to be accurate when compared to an exter-
nal standard. This agreement suggests that the usual workflow for identifying a PCP during an office 
is sufficient. It is important to note that our methodology does not compare the chart PCP to a gold 
standard (such as asking the patient to identify their PCP), but instead to a standard method of 
identifying a PCP. If the PCP is not listed in the EHR, the simplicity of the plurality PCP method 
could quickly be used to identify one.

Organizations may conclude that since PCPs seeing their own patients are the primary reminder 
users, that increased targeting of reminders to the PCP during PCP visits is warranted in order to re-
duce over alerting during no- and non-PCP visits. Conversely, organizations may decide that the 
small additional amount of reminder response that is provided during non-PCP and no PCP visits 
may be beneficial and should be encouraged to take advantage of additional quality opportunities. 
Targeting of reminders to PCPs could be tuned such that while most reminders go to the PCP, per-
haps time critical or specific reminders might go to everyone.

4.5 Informatics Implications
While we did find differences in reminder responses, we do not know if these were irrelevant or in-
appropriately ignored, and thus we do not know whether they would constitute alert fatigue. Addi-
tional study of the role of PCP relationship and type of visit in alert fatigue would be valuable.

We also do not know the optimal level of reminding for various types of visits or providers; the 
levels found may be appropriate even though they differ by provider relationship. The authors do 
not take a position as to whether the observed level of reminding was optimal or not.

If organizations chose to target reminders, EHR systems would need certain capabilities. For 
example, the PCP and the function of visit (acute vs. chronic care) would need to be saved as com-
putable fields. The CDS implementer would need to specify which type of user is the target for the 
reminder (PCP vs. any provider). While the PCP is identified in most EHR implementations, the 
availability of these other fields within CDS systems is likely variable.

4.6 Limitations
There are several important limitations of this study. First, the work was done in one organization 
and set in adult primary care specialties, so findings may not generalize to other care settings, EHRs, 
or specialties. Reminders examined were for preventive and ongoing care and had to be requested by 
the treating provider, and did not include other CDS such as medication alerts. An observational 
study design was used, so the association of provider continuity with higher reminder response rates 
cannot be assumed to be causal.

The fact that the PCP for a given visit could only be determined at the time of the query limits the 
accuracy of the study. It is possible that the PCP was changed between the time of the visit and the 
query. However, there was a limited period of time between the visit and the query, and we have no 
reason to expect net switching in a particular direction which would bias the study.

There are likely clustering effects within our data for which we have not adjusted. For example, a 
given physician or site may use CDS more or less frequently. Some doctors or sites may have greater 
or lower continuity of care, and some sites or doctors use the PCP listing more or less frequently. 
Given the straightforward outcome measures, we have not adjusted for these or other confounders 
in calculating response rates. It will be important to understand if findings can be explained by con-
founding factors such as visit purpose (acute illness vs. preventive care). A future prospective study 
could better account for clustering, explore factors that inhibit or increase CDS use, and account for 
confounding variables. Since the study was cross-sectional, we do not directly measure whether a 
reminder was presented to the same provider multiple times, so alert fatigue was not directly 
measured. An interventional design could examine if targeting PCPs with CDS leads to better rem-
inder response then reminding all providers, and establish if it is a causal factor in CDS use. A quali-
tative or mixed-methods design would also be helpful to understand why PCPs do or do not use 
CDS during a given visit.
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4.7 Conclusion

We found that PCPs were identified in the EHR for 80.9% of visits and that there was variation in 
PCP identification by site. Since the accuracy of PCP identification in the EHR was high, typical 
workflows may be sufficient to identify a PCP. If the PCP is not listed, the feasibility of the plurality 
PCP method makes it a potential method for proposing a candidate PCP.

Finally, there were differences in how providers responded to decision support depending on 
their apparent relationship with the patient. Primary care physicians seeing their own patients re-
quested more alerts, viewed more alerts, and responded to alerts more frequently than PCPs not 
seeing their patients, or when no PCP was identified. This may reflect the special relationship be-
tween primary care physicians and their patients, and point to one mechanism by which primary 
care improves health. Clinicians and managers may choose to use this information to improve pri-
mary care, and CDS implementers could use it to target alerts more effectively if desired.

Clinical Relevance Statement
In a multi-specialty group, we found that reminder response rates to PCPs were highest when PCPs 
were seeing their own patients, lower when seeing a partner’s patients, and lowest when no PCP 
was identified in the chart. While optimal reminder response rates for these situations are not 
known, organizations may improve PCP identification in the EHR and reduce non-PCP visits to 
maximize reminder response rates. Further research is warranted to identify if this relationship is 
causal and the role of PCP non-targeted reminders in alert fatigue.
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Fig. 1 Study Flow Diagram
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Fig. 2 Bar graph showing CDS behavior overall, during PCP, Non-PCP and No-PCP visits.
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Table 1 Provider Degree and Specialty for Visits (n = 84,937)

Characteristics

Provider degree

Physician

Nurse Practitioner

Physician Assistant

Other

Provider specialty

Family Medicine

Internal Medicine

Medicine-Pediatrics

Student Health

Visits

75,920

6,328

2,659

30

7,839

65,879

899

3,435

Percent

89.384

7.450

3.131

0.036

17.34

77.56

1.06

4.04

Table 2 Provider CDS behavior when conducting PCP visits, Non-PCP visits, and No-PCP visits

Characteristic

Visits (%)

Providers

Visits with CDS requested (%)

Visits with CDS viewed (%)

Visits with CDS response (%)

nc = not calculated, since a provider may have conducted visits in more than one of the three groups.
*PCP visit vs. Non-PCP visit pairwise comparison for each CDS behavior p <0.001
†Type of visit vs CDS response p <0.001 across all three groups

Total  
Visits 
(n = 84,907)

100

nc

25.211

24.271

23.493

PCP 
visits 
(n = 58,482)

68.878

188

30.859†*

29.700†*

28.669†*

Non-PCP 
visits 
(n = 10,094)

11.888

215

22.86

20.73

12.55

No-PCP 
visits 
(n = 16,331)

19.234

212

6.442

7.023

6.932
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Appendix 1 PCP Characteristics at Visits

Degree for PCP of patients

Physician patients

Nurse Practitioner patients

Physician Assistant patients

Resident patients

Other patients

Nurse Midwife patients

Specialty for PCP of patients

Internal Medicine

Family Medicine

Medicine-Pediatrics

Other

Number 
(n = 68,714)

62,432

3,513

1,567

1,179

19

4

Number 
(n = 68,722)

55,020

12,834

618

250

Percent

90.858

5.113

2.280

1.716

0.028

0.006

Percent

80.062

18.675

0.899

0.364

Appendix 2 Percent of PCP identification and continuity of care, by site

Mean

Median

Std. Deviation

Range

Minimum

Maximum

Percentiles 25

50

75

Visits  
where a PCP is listed  
(Percent by site)

76.665

95.103

33.536

99.17

00.83

1.0000

67.713

95.103

99.050

Visits  
where the PCP is  
seeing own patient 
(Percent by site)

62.387

80.334

34.885

99.36

0

99.36

35.665

80.334

90.948
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