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Abstract
Objective: Adult vaccination rates in the United States fall short of national goals, and rates are
particularly low for Black Americans. We tested a provider-focused vaccination uptake
intervention: a modified electronic health record clinical reminder that bundled together three
adult vaccination reminders, presented patient vaccination history, and included talking points
for providers to address vaccine hesitancy. Method: Primary care teams at the Atlanta Veterans
Affairs Medical Center, who saw 28,941 patients during this period, were randomly assigned to
receive either the modified clinical reminder (N = 44 teams) or the status quo (N = 40 teams).
Results: Uptake of influenza and other adult vaccinations was 1.6 percentage points higher in
the intervention group, which was not statistically significant (Cl =  [-1.3, 4.4], p = 0.28). The
intervention had similar effects on Black and White patients and did not reduce the disparity in
vaccination rates between these groups. Conclusion: Provider-focused interventions are a
promising way to address vaccine hesitancy, but they may need to be more intensive than a

modified clinical reminder to have appreciable effects on vaccination uptake.
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A Cluster Randomized Controlled Trial of a Modified Vaccination Clinical Reminder for
Primary Care Providers

Adult vaccination rates fall substantially short of national goals (Tan, 2015). In the United
States in 2017, only about 25% of adults aged 19 and over had received all of the
recommended vaccines (Centers for Disease Control and Prevention, 2017). Low vaccination
rates have health and economic consequences: vaccine-preventable diseases generated $26.5
billion in healthcare costs in 2013 (McLaughlin, 2013), and even before the COVID-19
pandemic, led to about 42,000 adult deaths annually in the United States (Office of Disease
Prevention and Health Promotion, 2020).

Shortfalls in vaccination also reflect and contribute to health disparities across racial and
ethnic groups. In the 2016 National Health Interview Survey, for instance, influenza vaccination
coverage was 46% for non-Hispanic White adults, 33% for Hispanic adults, and 40% for non-
Hispanic Black adults (Lu et al., 2019). One contributing factor may be provider fatigue. Fatigue,
stress, and time pressure increase the influence of racial stereotypes (Burgess, 2010), which
could lead some providers to make less compelling vaccination offers to Black and Hispanic
patients whom they expect to decline vaccination anyway.

Most prior studies testing encouragements for vaccination used patient-focused
interventions (Brewer, Chapman, et al., 2017; Thomas & Lorenzetti, 2018), rather than provider-
focused interventions that could address provider fatigue. Provider-focused interventions need
not replace patient-focused ones; they can be used in a complementary way to capitalize on the
role of health care providers in creating easy vaccination opportunities and serving as critical
messengers of the protective benefits of vaccines. Provider-focused interventions may create
large returns on an intervention “investment,” since each provider sees many patients and can
provide multiple vaccinations during a single appointment in a way that is more difficult for a

workplace vaccination drive or other non-clinical setting. Provider-focused interventions might
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also help reduce racial disparities in vaccination by addressing the provider fatigue that could
exacerbate stereotyping and reduce the quality of care given to Black and Hispanic patients.

The present study addressed these issues by developing and testing a multi-pronged
provider-focused intervention. We first identified the mechanisms by which providers could
address patient vaccine hesitancy (e.g., taking time, having accurate information, using
persuasive language). We then considered the elements of an Electronic Health Records (EHR)
system that should be in place to support those mechanisms (e.g., streamlined reminders,
simple dashboard, language prompts), and redesigned an EHR clinical reminder to incorporate
those elements. We evaluated the modified clinical reminder in a randomized controlled trial in a
federal health care setting, a Veterans Administration Medical Center (VAMC).

Healthcare Providers and Vaccine Hesitancy

Practice and field guides from the Centers for Disease Control and from state and city
departments of health have highlighted the role of providers in creating and expanding
opportunities for vaccination. Providers who capitalize on patient contact at a regular clinic
appointment or emergency room visit to offer vaccines can address patient uncertainty and
overcome patient inertia related to making and attending appointments. Official guidance
encourages clinical practice scheduling structures that standardize provider vaccination delivery
(Advisory Committee on Immunization Practices, 2000).

In addition to creating opportunities for vaccination with scheduling structures, primary
care providers also can use multiple behavioral and relational channels to address vaccination
concerns. One of these channels is taking time to hear patient concerns, which can build
empathy and mutual trust in a patient-focused clinic setting, increasing the likelihood that
patients accept a vaccination recommendation. A second channel is discussing and distributing
accurate information to address any questions and misconceptions. Providers can serve as
trusted or credible messengers on topics where patients feel uncertain or confused. A third

channel is using persuasive language to set social norms. Persuasive language can include
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standardizing what doctors say about vaccination during appointments, specifically how they
make vaccination recommendations and offers during a patient visit.

Vaccination recommendations and offers are, not surprisingly, associated with
completed vaccinations. A survey study found that when patients reported that their provider
recommended and offered the flu vaccine, they were 1.76 times more likely to be vaccinated
(Benedict et al., 2017). Even those who reported a provider recommendation alone (no offer)
were 1.72 times more likely to be vaccinated. A qualitative study showed that nearly all
vaccinated respondents reported that their physicians recommended influenza vaccination,
compared with 63% of unvaccinated respondents. The authors concluded “older patients need
intentional messages from physicians that recommend vaccination” (Zimmerman et al., 2003).
More recent research focuses on the framing of the provider-patient interaction, and indicates
that vaccination uptake is higher when health care providers use “presumptive language” to tell
patients that they are due for and will be receiving vaccines, rather than using participatory
conversational language to ask patients if they would like to receive a vaccine (Jacobson et al.,
2020). Both observational (Hofstetter et al., 2017; Opel et al., 2018) and intervention (Brewer,
Hall, et al., 2017; Dempsey et al., 2018) studies of parents with children due to receive vaccines
have shown that presumptive language increases vaccination uptake. When doctors are given
talking points or a script, their use of presumptive language becomes more concrete and
consistent.

However, there may be several barriers for providers to implement these strategies,
even among those who want to. One barrier is provider caseload and associated fatigue.
Having many appointments during a day can lead to fatigue; providing subsidized care to a
vulnerable population is associated with provider fatigue and burnout (Friedberg et al., 2017).
One prior study noted that although the Centers for Disease Control recommends that providers
offer an influenza vaccine during clinic visits, as physicians become fatigued or fall behind

schedule, they may—intentionally or unintentionally—make a less compelling offer, or no offer
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at all. This hypothesis was supported by data showing that vaccination rates were significantly
lower among patients seen later in the day than earlier in the day (Kim et al., 2018). A second
barrier is the role of EHR systems, which can both increase and decrease burdens on providers.
Although designed in part to support consistent practice via reminders and checklists, EHRs
also can create information overload. Providers must navigate multiple dialog boxes and tabs or
windows to record actions taken for their patients. Fielding multiple reminders from an EHR
during a relatively short appointment may prompt providers to tune out reminders or stop short
of delivering full information. Many providers find it challenging to manage a multitude of
reminders from an EHR during an appointment (Phansalkar et al., 2013). These challenges
were substantiated in the initial discovery work we conducted to inform the design of our
intervention. VAMC providers we spoke with reported being tired of dealing with vaccination
challenges and wishing for a structure to address their patients’ multiple concerns.

A third barrier in a large hospital or clinic setting like a VAMC is differences in domain
knowledge about vaccination. Many VAMCs have high turnover and staffing challenges (U.S.
Government Accountability Office, 2017), which means that doctors and nurses are entering
clinic settings with varying degrees of experience discussing vaccination with the VA patient
population. Those with less experience might benefit more from changes that help them
effectively and efficiently recommend vaccination (Mrkva et al., 2021).

An underlying contextual factor that moderates vaccination take-up is the persistence of
racial disparities. These disparities show up even among patients with similar socioeconomic
status who are treated at the same healthcare facilities. For example, after adjusting for a series
of covariates, non-Hispanic Black Veterans at VA clinics were less likely to be vaccinated for
influenza than non-Hispanic White Veterans at the same clinics (75% versus 81%) (Straits-
Troster et al., 2006). If some of the racial vaccination gap is due to differences in knowledge
(e.g., about rates of side effects), then EHR changes that encourage providers to share

information across all patients equally and to recommend vaccination might reduce the racial
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disparity in vaccination rates. The racial vaccination gap may additionally or alternatively be due
to lower trust between doctors and Black patients, given a history of unequal treatment and in
some cases mistreatment by the medical establishment. Building trust may require closer
attention from a provider (to hear patients’ valid concerns), or more tailored use of persuasive
language that discusses benefits more than social norms. EHR changes that create time for
closer attention and that prompt the use of persuasive language may also help reduce the racial
disparity in vaccination rates.
The Present Research

Following the reasoning outlined above, we created an intervention with three key
elements (Figure 1). First, to address provider time constraints and overload in fielding multiple
clinical reminders, we modified the clinical reminder so that it bundled together the clinical
reminders for three adult vaccines—Influenza, Pneumococcal, and Tdap (Tetanus, Diphtheria,
Pertussis)—thereby decreasing the overall number of reminders displayed. In the status quo
condition, these reminders were presented separately, the default setup in the EHR system.
Bundling the reminders was expected to free up providers’ time and attention as compared to
the status quo. Second, we addressed an informational and procedural barrier identified in our
initial discovery work. That work demonstrated that a patient’s full vaccination history was not
easily visible on the primary dashboard, and some providers resorted to time-consuming
workarounds to understand and communicate vaccination history to other providers. We
modified the EHR to present a dashboard relaying patient vaccination history and status. This
change was expected to prevent providers from needing to compile fragmented information
about vaccines from the patient’s records | further freeing up time and attention, as well as
highlighting the need for vaccinations at the current appointment.

The third and final element of the intervention was designed to address patient
uncertainty related to vaccination by providing structured scripts for the use of presumptive

language. Presumptive communications present vaccination as the default behavior, leveraging
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the strong effects of defaults on decisions (Jachimowicz et al., 2019) while preserving patients’
freedom to decline. The bulk of research on this language, outlined above, pertains to parents
deciding about their children’s vaccinations. There is less evidence to date that presumptive
language has the same effect on adults deciding about their own vaccinations. However, given
the public health campaigns present at a VA facility for vaccination, cancer screening, and other
preventive health measures, we speculated that the veteran population might be accustomed
and responsive to presumptive communication. In light of this context and considering the
promising results with childhood vaccination, we incorporated a prompt to use presumptive
language into the provider-intervention. We also included structured talking points providers
could use to address specific forms of patient uncertainty or refusal. This content made it easy
for providers to give  personalized responses, which are typically more effective than generic
ones (Teeny et al., 2021) to patients with different forms of vaccine hesitancy. With these
combined elements, our EHR modification went beyond the simple EHR vaccination reminders
that increased influenza vaccination rates for children in winter by about five percentage points
(Stockwell et al., 2015). Our intervention also addressed recent suggestions to ensure that
provider nudges go beyond mere reminders and were embedded in existing workflows to

become part of standard practice (Patel et al., 2017).

We embedded our intervention in an EHR, the computerized patient record system, that
facilitates care coordination at the VAMC by providing centralized access to patient information
and reminders about appropriate services, while tracking billable services delivered during a
patient appointment (O’malley et al., 2010). The VA health care system is a uniquely valuable
setting to study vaccination uptake interventions and particularly to ask whether those
interventions could reduce racial disparities in vaccination rates. About 42% of Veterans in the
US (8.4 million individuals) are enrolled in VA healthcare (U. S. Veterans Health Administration,

2020); they have lower incomes (Dursa et al., 2016) and are older on average than the general
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population, leaving them at higher risk of complications and death from influenza (Young-Xu et
al., 2017). After the implementation of quality-improvement measures in the mid-1990s, patients
at VA clinics were more likely to have received influenza and pneumococcal vaccinations than
comparable community-dwelling adults (Jha et al., 2007). However, vaccination rates for
Veterans are still typically below national goals (Boersma et al., 2022), making this group an
appropriate target for intervention. Moreover, the VAMC in the present research has a
patient base which is over 50% Black. This racial distribution contrasts with other large-sample
tests of vaccination “nudges” where the majority of participants are White (Milkman et al., 2021).
Methods

Intervention

The intervention introduced a modification to the current version of the EHR interface
with three elements. First, the clinical reminders for three adult vaccinations (Influenza,
Pneumococcal, and Tdap) were bundled into one clinical reminder. Second, the bundled
reminder included a dashboard providing an overview of patient vaccination history and those
vaccines due for each patient. And third, it presented talking points providers could use to
address patient uncertainty or refusal of the vaccine(s), prompting presumptive language
(Jacobson et al., 2020) with the instructions: “Use language that assumes the patient will get

vaccinated - ‘It is time for your X shot(s) today’.” (See Figure 1.) Vaccination-related activities
were in one place in the EHR, but providers still had to click to additional dialog boxes to open
patient-specific information, as in the status quo.
Participants and Design

Patients who receive primary care at the Atlanta VAMC are assigned to teams of
providers known as patient-aligned care teams (PACTs), and a typical appointment includes
interaction with both an intake nurse and a provider from a single PACT, both of whom interact

with EHR clinical reminders and potentially communicate with patients about vaccinations. To

minimize treatment spillover both across and within appointments, we randomized PACTs as
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clusters to receive either the intervention or the status quo EHR reminders. A small number of
PACTs shared doctors or nurses, and these were combined into single clusters for
randomization to prevent treatment spillover. In all, 96 provider clusters were assigned to the
intervention and control conditions by simple randomization , and 84 of these went on to treat
patients who were due for at least one vaccine during the trial period, with the remaining 12
either being absorbed into other PACTSs or dissolved before they treated patients in the study
window. Of the 84 clusters, 44 were assigned to the intervention and 40 to the control condition.
Figure 2 shows a CONSORT diagram outlining this process (see also Supplementary Materials
Section 1). The control condition involved the status quo standard unbundled clinical reminders
for the Influenza, Pneumococcal, and Tdap vaccines, presented without the vaccination history

dashboard or talking points.

The relevant Institutional Review Board determined that this study was  a Quality
Improvement project and exempt from review. Given the nature of the project, providers were
not asked to consent, but they were notified that they would be participating in an EHR change
while some of their colleagues would not be included, and were provided a primer on the
changes and instructions on how to use the modified clinical reminder. The Atlanta VAMC
implemented the intervention to the selected PACTs between October 2018 and April 2019, and
these teams saw 28,941 unique patients during this period. Basic patient demographics by

condition are in Table 1.

The project was initially designed to detect a difference of 5.5 percentage points in
vaccination rates between the intervention and control conditions, but, due to more within-
cluster correlation in vaccination rates than expected, the de facto power was lower than the
initial assumptions (Supplementary Materials Section 3).

Data
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EHR data were used and included whether a patient received each of the three vaccines
(Influenza, Pneumococcal, or Tdap) at each primary care visit during the trial period, the date
received, and the associated PACT. The data also contained information that enabled
inferences about whether the patient was due for each vaccine at a visit (specifically, the most
recent date the patient received each vaccine prior to the visit, which could be combined with
age and other information to infer whether the patient was due). The data also included
individual patient characteristics, such as age, gender, race, and rurality. There was no
information about provider age, gender, or race.

Statistical Analysis

Outcomes included patient receipt of influenza vaccination and patient receipt of any one
of the three vaccinations (Influenza, Pneumococcal, Tdap). We separately analyzed the first
appointment for each patient when a vaccine was due (first appointment per patient during the
trial period) and then combined across all the appointments where the vaccine was due (all
appointments per patient). A time-stamped analysis plan created prior to receipt of the data is
located at [link removed for blind review]. The Supplementary Materials have more details on
the statistical methods, which include clustering of standard errors at the unit of randomization
(a PACT cluster) to adjust inference for within-team correlations in patient outcomes.

Results
Main effect of intervention

First, we examined whether the EHR modification increased influenza vaccinations. For
the analysis of the first appointment, the raw proportion of vaccination was directionally higher
among patients who saw primary care teams in the intervention group than patients who saw
teams in the control group (22.3% versus 20.8%), although not statistically significant. When
accounting for demographic characteristics and the clustering of patients within respective care
teams, we observed a statistically insignificant difference of 1.6 percentage points (pp) between

the treatment and control groups on first appointment influenza vaccination rates (the 95% CI on
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this regression coefficient ranged from -1.3 pp to 4.5 pp, p = 0.28 ). For the analysis of all
appointments, we also saw a statistically insignificant difference in influenza vaccination rates
with a 95% confidence interval of -1.3 pp to 4.5 pp around the regression coefficient, p=
0.29

Second, we examined whether the EHR modification increased vaccinations for any of
the three target vaccines (Influenza, Pneumococcal, or Tdap). We defined this outcome as
having received any of the three vaccines, among patients who were due for that vaccine. Like
for influenza alone, unadjusted vaccination rates for any of the three vaccines were higher
among patients who saw primary care teams in the intervention group than in the control group
(20.5% compared to 19.0%). However, as with influenza alone, these differences were not
statistically significant after adjusting for demographic characteristics and patient clustering
within care teams, or when we analyzed outcomes for either the first appointment when a
patient was due (estimated effect = 1.5 percentage points, 95% CI = [-1.0 pp, 4.0 pp], p = 0.29,
) or all appointments when they were due (estimated effect = 1.6 percentage points, 95% CI = [-
1.2 pp, 4.4 pp], p=0.26, ). Results for the first appointment are presented in Table 2 and

visualized in Figure 3.

Focusing on influenza vaccination, in Supplementary Materials Section 4.3, we examine
the significance of the differences if we: (1) do not adjust for either demographic covariates or
clustering of patients within teams, or (2) adjust for clustering of patients within teams but do not
adjust for demographic covariates. When we  adjust for neither the clustering of patients
within teams nor patient-level demographics, the same point estimate is highly statistically
significant (Table 6, p < 0.01). When we adjust for the clustering of patients within teams but do
not adjust for patient-level demographics, we find substantively similar results of 1.5-1.6

percentage point changes that are not statistically significant (Supplementary Materials Tables
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2,4, 7, and 9). However, the clustering approach was pre-registered and accounts for important
within-team correlation in patient outcomes.
Heterogeneous effects of intervention

Finally, we looked at whether the EHR modification reduced the gap in vaccination rates
between White and Black patients. However, as seen in Figure 4, there were persistently low
vaccination rates among Black patients, regardless of their provider’s assignment to the
treatment, with an 18% vaccination rate in control group Black patients compared to a 24% rate
among white patients, and a 20% vaccination rate among intervention group Black patients
compared to a 26% rate among White patients. As the persistent six percentage point gap in
each group shows, the interaction effect of condition by race was neither directionally nor

statistically significant (b = -0.01, 95% CI =[-0.05, 0.02], p=0.55 ).

Supplementary Materials Section 6 explores heterogeneous effects by gender (null) and
rurality (borderline significant, possibly reflecting the importance of appointments for far-
traveling rural patients).

In an exploratory analysis, we also built upon past research showing that provider
fatigue meant that vaccination rates were significantly lower among patients seen later in the
day than earlier in the day (Kim et al., 2018). We found similar main effects, with patients seen
later in the day for their focal appointment significantly less likely to receive an influenza
vaccination (b = -0.008, 95% CI =[-0.01, -0.005], p < 0.001 ). The intervention made some
difference in closing these time-of-day differences, but the differences were too small in
magnitude to be statistically significant (b = 0.003, 95% CI = [-0.001, 0.007], p=0.13 ).

While these analyses focus on heterogeneous treatment effects by two individual-level
characteristics (patient demographics and appointment time), we also descriptively explore
whether certain treatment teams had especially high vaccination rates following the intervention.

Supplementary Materials Section 7.2 (Table 14; Figure 9) explores characteristics of high-
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vaccination treatment teams; we see that, unsurprisingly, treatment teams with higher
concentrations of male, older, and rural patients have higher vaccination rates, while teams with
higher concentrations of Black patients have lower vaccination rates (Spearman rho correlation
coefficients in Supplementary Materials Table 14). As we note in the limitation section, we
lacked data on team characteristics beyond the characteristics of the patients they treated.
Provider perceptions of the intervention

We spoke with five nurses and one physician following the rollout of the intervention to
understand provider perceptions and reactions to the EHR modification. In most cases, the
participants had forgotten which elements had changed between the versions, indicating that
the modification was normalized and well-accepted. They noted that the altered reminder was
intuitive and easy to use, and one nurse referred to the reminder as a “one-stop shop” for
vaccinations, asking for additional vaccines to be included in the reminder. Given the number of
reminders the providers are used to fielding, it was clear that future reminders should be even
easier to navigate and possibly simpler, to account for the fields the providers regularly used.
The change was mostly recalled as a bundled vaccination reminder, and discussions indicated
the providers did not make use of some of the other features, including the talking points.
Discussion

This study was focused on  promoting and easing vaccine delivery by modifying the
EHR system to streamline providers'  use of clinical reminders and promote effective
communication with patients.  Uptake of influenza and other adult vaccinations was slightly
higher among patients whose providers received the intervention, but the differences  were
not statistically significant. Our data showed both influenza and overall vaccination rates at
VAMC appointments during the study period of only around 20%. This is lower than the
influenza vaccination coverage rate for adults in the United States, which is typically above 40%

(United States Centers for Disease Control, 2020). The low rate we observed may be due in
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part to data limitations, discussed in more detail below, and may also point to larger systemic
challenges for vaccinating this population.

Black patients had persistently low vaccination rates, and the EHR modification did not
reduce the gap for these patients compared to White patients. The fact that there was a racial
disparity in vaccination, even within this regional VAMC, replicates previous work (Straits-
Troster et al., 2006). This persistent gap speaks against one potential explanation for the null
result. One might argue that racial disparities in vaccination are due solely to differences in
education and income, and that the VA population which is more homogenous would not show
these disparities. Given that there were racial disparities in both treatment and control groups,
that explanation is unlikely.

From our conversations with providers, it appeared that the reminders were accepted,
and in some cases mistaken for the status quo. Our few conversations with nurses indicated
acceptance of bundling as a tool for fielding multiple related clinical reminders. However, more
work needs to be done to assess the effect of these interventions on provider fatigue. The EHR
modification was designed to make it easier for providers, assuming they shared this desire, to
vaccinate patients. Indeed, the larger effect of the intervention for rural patients (described in
Supplementary Materials Section 6), who may typically have lower vaccination rates at VA
appointments if they visit the VA less frequently and therefore have more to cover during an
appointment, is consistent with this mechanism. Recent research on COVID-19 vaccination
found that longer travel distance to a vaccine site predicted less likelihood of vaccination (Mazar
et al., 2022), highlighting the role of convenience for vaccination. However, if providers in the
present study did not actually have the goal of vaccinating most patients, a different intervention
aimed at setting this goal could be more effective.

Our study is not alone in finding that it can be difficult to shift vaccination behavior. The
COVID-19 vaccination drive has drawn attention to vaccine hesitancy and to historically rooted

racial differences in trust of medical providers. Even effective interventions aimed at patients
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have achieved increases in vaccination uptake in the neighborhood of one to four percentage
points (Milkman et al., 2011; Yokum et al., 2018). Our effect size estimate, while not statistically
significant, falls in the same range. One implication is that provider-focused interventions do not
necessarily achieve larger effects on vaccination rates, although a previous EHR basic reminder
did increase influenza vaccination rates for children in winter by about five percentage points.
However, given the difficulty of increasing vaccination uptake and the importance of doing so,
even small changes like the one we observed may be a meaningful foundation for future
interventions, especially if combined with patient-directed interventions.

The EHR modification intervention included a prompt to use presumptive language.
Several studies have shown this language, when directed at parents, to be an effective way of
increasing vaccination uptake for children. The null results of our provider intervention might
relate to variation in the provider population, with more experienced providers using their own
scripts and ideas (our sample size and limited data on providers did not permit investigation of
provider tenure as a moderating factor). Our conversations with providers in the intervention
group suggested that many did not actually make use of the talking points or presumptive
language. Future research could explore ways to make these prompts more salient, or perhaps
to explicitly train providers in the delivery of this messaging, as has been done for childhood
vaccinations (Brewer, Hall, et al., 2017; Dempsey et al., 2018). This topic is worth further
exploration given that presumptive language is a strategy suggested for COVID vaccination
uptake (Centers for Disease Control and Prevention, 2021).

Implications

The intervention fielded in this study incorporates many recommendations and standard
practices that health departments are currently proposing to boost COVID-19 vaccination rates.
Despite the null results, this study is a useful complement to health systems’ use of behavioral
science to improve provider or patient experience. The intervention was designed to present

information during an appointment, address patient concerns, and help providers deliver better
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care. The modified clinical reminder also was designed to reduce the burden providers face in
identifying patient vaccination needs and delivering vaccination recommendations. Providers in
this intervention could help people set vaccination intentions and follow through on them during
one visit; consider multiple vaccinations, when relevant, during a single visit; and consider
vaccination as part of an existing clinical appointment rather than a separate visit. It could be
that these features did improve the provider experience and reduce provider burden, but that it
was not sufficient to boost vaccination rates in this sample. It also could be that asking providers
to click through to additional windows or dialog boxes to see patient vaccination information or
due dates felt too time-consuming during the appointment. These ideas are relevant for clinics
in other VA health centers, other federal health facilities (such as Federally Qualified Health
Centers) or other public hospitals that may be serving a designated population.

Our findings also contribute to research on racial disparities in vaccination, suggesting
that interventions meant to improve overall vaccination rates do not necessarily reduce these
disparities. Providers or health institutions may need to do additional outreach to patients whose
vaccination histories and current rates are lower than average. Facilities could use data on
which patients declined vaccination in the past to identify those who may need additional
outreach and discussion time. A different plan may be needed for those patients, specifically to
offer to answer questions or concerns related to vaccination, or perhaps more slowly introduce
information before an appointment and build to a vaccination decision with scripts that providers
can use during an appointment. Most existing research on presumptive communication was
done in younger populations; for older adults like this Veteran population, more work may be
needed to refine specific communication messages and overcome vaccine hesitance. Research
on the efficacy of motivational interviewing, currently part of CDC guidance, suggests this
approach of acknowledging concerns and building solutions together can be helpful. Ideally, this
approach can be integrated into existing administrative outreach so that it does not exacerbate

provider burden.
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Finally, providers and health facilities may want to consider how to reach and target
clients differently, using data-driven strategies. Data management systems may need to record
more appointment interaction features: experience (patient understanding and reaction),
decisions (vaccination or not), and then the reasons for acceptance or refusal decisions (trust in
provider, trust in vaccines, not enough time to make a decision, more pressing concern, etc.).
Currently EHRs do have discrete fields to record this information, but it is often in open-text
fields or with too many categories that end up resulting in inconsistent or missing data across
providers. Capturing more nuanced data, but in a standard way that does not increase burden,
could allow for more personalization of patient outreach and conversation strategies. It also may
be helpful to view the full universe of potential patients and see to what extent patients who
show up for appointments are systematically different than those who do not. Additional
strategies to boost vaccination rates could include contacting those who do not show up for any
appointment, contacting those who have refused in the past, and scheduling longer
appointments or other conversation occasions for people who express concerns.

Limitations

We were not able to access EHR data to directly assess whether and how providers
interacted with the reminders (click- through rates), the ease of use (time required to navigate
the dashboard), or if providers overall spent more or less time viewing and fielding reminders.
We do not have information about the race and ethnicity of providers, so we cannot attempt to
replicate findings about racial matching of providers and patients, specifically that providers of a
particular race/ethnicity could increase uptake of preventive health services for patients of that
same race/ethnicity (Alsan et al., 2019). Indeed, our exploratory analysis of clustering effects
suggests that the intervention had more impact on some teams, but we were only able to
measure demographics of the patients in the care of those teams and not provider or team-level
characteristics. With more data about providers or teams (e.g., team tenure), future research

could identify these teams and look to spread their effective practices (Ruggeri & Folke, 2020).
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A further limitation of these data is that they do not reliably include  vaccinations that happen
outside the VA (e.g., at pharmacies).. It is possible that the EHR modification—and the provider-
patient interactions it sparked—may have led some patients, after further reflection, to get
vaccinated elsewhere. If vaccinations outside the VA are more common in the intervention
group, then our treatment effect was underestimated.

The intervention was implemented, and vaccinations recorded, from October to April.
Some in the patient pool may have been vaccinated in August or September when influenza
vaccines were initially available. These individuals are probably not the patients most in need of
provider support and encouragement, so we do not see the study timing as a key limitation for
our question of interest.
Conclusion

Encouraging vaccination by focusing on health care providers rather than directly on
patients is a potentially promising way to address low adult vaccination rates and racial
disparities in those rates. Despite this promise, our provider intervention led to a two
percentage-point increase in the uptake of influenza and other adult vaccinations, which was not
statistically significant, and which did not reduce the gap in vaccination rates between Black and
White VA patients. Further work is needed to find effective ways to help providers to vaccinate

more patients.
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Table 1. Respondent demographics

Focal: influenza vaccination Focal: any vaccination

Treatment Treatment
Characteristic |group Control group [group Control group
% Black 57.81% 55.15% 56.34% 53.31%
% White 37.55% 40.25% 39.03% 42.11%
% Rural 16.47% 15.86% 16.82% 16.11%
% Male 87.99% 85.39% 88.46% 85.91%
Median age 59 59 60 61
N patients 12,433 13,317 13,934 15,007
N clusters 44 40 44 40

NOTES: Data extracted from the Veterans Health Information Systems & Technology
Architecture (VISTA) covering the 2018-2019 flu season (09.01.2018 - 04.30.2019).
Demographics correspond to the filtered analytic sample. Patients with multiple appointments
were coded to demographics at first observed appointment. The treatment sample had a slightly
higher percentage Black, rural, and male population, leading our primary specification to be one
that controls for these pre-treatment attributes.
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Table 2. Regression results for vaccinations

27

Influenza vaccination Any vaccination
Term Beta SE Beta SE Beta SE Beta SE
Intercept 0.208 0.010 0.052 0.016 0.190 0.009 0.075 0.016
Treatment
PACT 0.015 0.016 0.016 0.015 0.016 0.014 0.016 0.014
Age 0.003 0.000 0.002 0.000
Male (1 =
yes) 0.032 0.008 0.035 0.007
Black (1 =
yes) -0.042 0.008 -0.031 0.007
Rural (1 =
yes) 0.013 0.011 0.014 0.010
Controls [No Yes No Yes
Adjusted
R~2 0.0002929 0.0164 0.0003512 0.009583

NOTES: Author’s analysis of data extract from VISTA covering the 2018-2019 flu season
(09.01.2018 - 04.30.2019). Analytic sample is comprised of patients who (1) are age eligible for
the relevant vaccination, (2) had an appointment with a provider in the analytic sample, (3) did
not have contraindications for vaccination in question, and (4) were due for a vaccination at that
appointment (e.g., hadn’t received one earlier in the season). These proportions are of patients
vaccinated at the focal appointment. Standard errors are clustered by randomization cluster.
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Figure 1. Electronic Health Records (EHR) modified clinical reminder intervention

VACCINATION DOCUMENTATION

O ¥Your patisnt 1

s DUE for the following vaccines: Click box to review the clinical reminder
findings.

O click here to view IMMUNIZATION HISTORY
Ll click here to review a summary of VHA guidance for these vaccines.

=== INSTRUCTIONS=™*

that assumes the patient will get vaccinated - "It

Use language It 25 time Lor your X shot today”



Figure 2. CONSORT Diagram
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14,983 patients for main flu analysis)

Analysed (n = 41 providers, n = 40 clusters, n =

Excluded (n = 85 providers, n = 8 clusters)
due to either having no patients with eligible
appointments during study period (provider
exclusion) or team reorganizations
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Figure 3. Raw vaccination rates at appointments where due
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vaccination (right side) at the focal appointment.
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Figure 4. The intervention did not close racial disparities in vaccination rate
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