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Abstract

Background: More than 1 in 7 patients with human immunodeficiency virus (HIV) infection in the United States are
unaware of their serostatus despite recommendations of US agencies that all adults through age 65 be screened
for HIV at least once. To facilitate universal screening, an electronic medical record (EMR) reminder was created for
our primary care practice. Screening rates before and after implementation were assessed to determine the impact
of the reminder on screening rates.

Methods: A retrospective cohort analysis was performed for patients age 18–65 with visits between January 1, 2012-
October 30, 2014. EMR databases were examined for HIV testing and selected patient characteristics. We evaluated the
probability of HIV screening in unscreened patients before and after the reminder and used a multivariable generalized
linear model to test the association between likelihood of HIV testing and specific patient characteristics.

Results: Prior to the reminder, the probability of receiving an HIV test for previously unscreened patients was 15.3%.
This increased to 30.7% after the reminder (RR 2.02, CI 1.95–2.09, p < 0.0001). The impact was most significant in
patients age 45–65. White race, English as primary language, and higher median household income were associated
with lower likelihoods of screening both before and after implementation (RR 0.68, CI 0.65–0.72; RR 0.74, CI 0.67–0.82;
RR 0.84, CI 0.80–0.88, respectively).

Conclusions: The EMR reminder increased rates of HIV screening twofold in our practice. It was most effective in
increasing screening rates in older patients. Patients who were white, English-speaking, and had higher incomes were
less likely to be screened for HIV both before and after the reminder.
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Background
There are estimated to be 1,200,000 HIV-infected people
in the United States [1]. Advances in treatment have
rendered HIV a manageable chronic illness in most pa-
tients; however, an estimated 14% of HIV-infected persons
in the US remain undiagnosed [1]. The Centers for Disease
Control and Prevention (CDC) and the United States
Preventive Services Task Force (USPSTF) recommend that
all adolescents and adults up to age 65 be screened at least
once for HIV regardless of risk behaviors [2, 3]. However,
significant challenges remain in implementing published
guidelines [4].

Health systems and individual practitioners are increas-
ingly evaluated on their adherence to screening recommen-
dations, and reimbursement is predicated on meaningful
use of newer technologies such as the electronic medical
record (EMR). EMR reminders have become a common
method for encouraging practitioners to meet screening
guidelines. Although some practitioners have raised concern
about “alert fatigue,” the literature suggests that EMR
reminders improve screening rates for many conditions,
including breast cancer, osteoporosis, abdominal aortic an-
eurysms, and obesity [5–8]. A recent study on hepatitis C
screening has also shown an electronic reminder to be suc-
cessful [9]. However, data on HIV screening remain mixed,
with several studies reporting increases in screening with
EMR reminders in combination with other interventions
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[10–12], while at least one study did not show an increase
with electronic reminders [13].
In October 2013, Beth Israel Deaconess Medical Center,

a large academic medical center in Boston, MA, enacted a
passive EMR reminder for HIV screening in all patients
age 13–65. The reminder, which reads, “HIV antibody,”
appears on the home page of each patient’s EMR in small
red text alongside other clinical reminders. If a test is per-
formed, the reminder disappears automatically. If a test
has been done at an outside institution or if the patient
declines testing, the practitioner can manually enter this
information, causing the reminder to disappear; however,
this manual entry is not consistently performed.
The goal of this study was to evaluate the impact of the

EMR reminder on rates of screening for HIV at an aca-
demic, hospital-based primary care practice. A secondary
aim was to identify patient characteristics associated with
the likelihood of HIV screening.

Methods
Design
A retrospective cohort analysis was performed for all pa-
tients seen at the practice between January 1, 2012 and
October 30, 2015. The study was approved by the Beth
Israel Deaconess Medical Center Institutional Review
Board on August 15, 2014 (protocol #2014P000210).
Patients were included if they fell between the ages of

18–65 (in our adult internal medicine practice) and had at
least one visit in the practice during the 2.5-year study
period. They were excluded if they did not have demo-
graphic information available. Age, gender, socioeconomic
status (determined by zip code), primary language, and
number of visits in the study period were abstracted. Pa-
tient records were assessed for presence or absence of an
HIV antibody test before or after implementation of the
EMR screening prompt on October 30, 2013.
Billing and laboratory databases were also used to abstract

the number of HIV tests that practitioners ordered per month
during the study period. Proportions of HIV testing before
and after the EMR prompt implementation were compared.
Patients were included in the “before” group if they had a

visit during the period of January 1, 2012 through October
29, 2013 and had not previously been tested for HIV. Patients
were included in the “after” group if they had a visit in the
practice between October 30, 2013 and October 30, 2015 and
had not previously been tested for HIV (considered “at risk”).
During the study period, no other changes were made

to the “Reminders” section of our electronic medical
record, nor was there any specific initiative to highlight
reminders as part of Meaningful Use trainings.

Statistical analysis
There were two main analyses performed for this study.
The first was to compare the proportion of previously

unscreened patients receiving an HIV test prior to October
30, 2013 (the “before” group) to the proportion receiving
an HIV test after October 30, 2013 (the “after” group). A
patient could appear in both proportions if he or she had at
least one visit in the “before” period, did not have HIV test-
ing in the “before” period, and had a visit in the “after”
period. Because of this possibility, the observations used in
the analysis were not independent in the comparison of the
two sample proportions (“before” vs “after”). We took into
account the within-subject correlation in the data by using
a generalized estimating equations (GEE) with log link and
binary error. We used the log link, which yields relative
risks, instead of logit link, which yields odds ratios, because
the probability of HIV testing exceeded 10% in the sample
and thus odds ratios were not a good approximation of the
relative risks. We used exchangeable working correlation
structure in the GEE model and linear contrasts to obtain
the relative risk estimate and its 95% confidence interval.
In the second main analysis, we modeled the associa-

tions between HIV testing (binary outcome) and patient
demographics (age, gender, race, language, income) using
a GEE model similar to the first analysis. For the multi-
variate analysis of the effect of these patient characteristics
on likelihood of overall testing, given our very large “N,”
p-values for all factors were expected to be statistically sig-
nificant. We were not interested in prediction, but rather
the explanation of the association of each of the available
patient characteristics to HIV testing, and thus we used all
the available factors in the generalized estimating equa-
tions (GEE) with log link for relative risks estimates.
We then performed additional analyses looking at effects

of health services utilization on HIV screening. We exam-
ined whether the duration of time enrolled in the practice
for each group (“before” and “after”) may have affected the
outcome by comparing the median time of enrollment be-
tween each group. We computed the time enrolled in care
within the practice by pulling all visit dates from each pa-
tient’s first visit in the practice until November 1, 2014. The
time of enrollment was the difference between the first and
last visit date. We also examined the frequency of patient
visits and compared this between the study periods.
Two sensitivity analyses were performed to assess the im-

pact of different modeling approaches on the intervention ef-
fect. First, we performed a time-to-event survival analysis.
For all patients in both the “before” and “after” time periods,
we computed survival time as the duration from the first-
ever visit to the date when an HIV test was done. This was
used as the “survival time” for non-censored subjects. For
those patients who did not have HIV testing (censored ob-
servations), the survival time was the difference between first
visit and the end of follow up time. For the “before” group,
the date of activation of the screening reminder (October 30,
2013) served as the censorship date. For the “after” group,
the date of censorship was October 30, 2014 (end of follow-
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up time.) We ran Cox’s proportional hazards models com-
paring the rate of HIV testing (hazard) between the “before”
and “after” period, with the “before” period serving as a refer-
ence in the model. The test of median difference was used to
determine whether there was a significant difference.
The second sensitivity analysis examined only new patients

within the practice, with no overlap of patients between the
two time periods, in order to evaluate for the possibility of
underlying, unmeasured characteristics of patients who were
not screened in the “before” period, which also may have
made them unlikely to be screened in the “after” period.
Because we hypothesized that providers with different

levels of experience may adopt new screening recommen-
dations at different rates, we did stratification analysis by
provider types (attending physicians versus resident physi-
cians) in order to obtain the absolute risk estimates for
each of four possible combinations of the interaction be-
tween time period and provider type. We reported these
as percent estimates. We then looked at the modification
effect of the intervention by provider type, by performing
modeling with an interaction term between time period
(1: pre, 2: post) and provider type. We used GEE model
with log link and binomial error term. We also used linear
contrasts of the model parameters to estimate the relative
risks and their corresponding 95% confidence intervals.
Finally, Massachusetts law changed on June 26, 2012 and

voided a previous requirement for written consent for HIV
testing. The added requirement of obtaining written consent
during the first 6 months of our “before” period may have
confounded our analyses, so we performed an additional ana-
lysis which removed the first 6 months of the “before” period.
Analyses used data with non-missing demographics; all

data including missing and non-missing demographics
accounted for N = 63,725 (35,945 in the before period, and
27,780 in the after period). Non-missing demographics
yielded an N = 48,369 (27,729 in the before, and 20,640 in
the after). We used the SAS/STAT software version 9.3 for
all data management and statistical analyses of this study.

Results
Patient characteristics
In total, 27,729 patients in the “before” period and
20,640 in the “after” period met inclusion criteria. These
two periods were not mutually exclusive. Patients who
had visits both before and after reminder implementa-
tion (but had not been tested for HIV at the beginning
of either study period) were included in both groups.
The patients accounted for 63,725 visits within the 2.5-
year study period. The majority were age 46–65, female,
and spoke English as their primary language (Table 1).

HIV testing prior to reminder
Before the reminder, 15.3% of patients who had not been
previously screened received HIV testing. The practice

performed an average of 254 HIV tests per month. Pre-
reminder data showed a trend towards lower testing rates
in older patients, with just 9.7% of 46–65 year-olds
receiving testing compared to 15.9% of 36–45 year-olds,
23.1% of 26–35 year-olds, and 22.5% of patients <25 years
old. Women were also less likely to be tested with 14.0%
screened compared to 17.3% of men.

HIV testing after reminder
After the reminder, 30.7% of patients who had never
been tested for HIV received HIV testing, representing a
2.02 relative risk of screening as compared to the pre-
reminder period (p < 0.0001, CI 1.95–2.09). The average
number of HIV tests per month done in the practice in-
creased from 254 to 462.
The increase in testing rates was observed in patients of

all age, gender, race, language, and income groups (Table 2).
One of the most striking effects showed that, although pa-
tients age 46–65 were least likely to be tested pre-reminder,
the reminder had the largest effect in this older age group,
increasing the proportion of patients tested from 9.7% to
27.2%, RR 2.81 (CI 2.65–2.99) (Fig. 1). Also notably, the
reminder equalized rates of testing between genders after
implementation, resulting in a 31% rate in both groups.
The increase in HIV testing rates also yielded more

HIV diagnoses. In the period before the intervention,
0.3% of HIV tests were positive, as compared to 0.7% of
tests after the reminder. This represents slightly more
than a two-fold increase in HIV positivity rate in the
after period (p-value = 0.0001).

Table 1 Patient demographics

Patients with
Visits Before (27,729)
N (%)

Patients with
Visits After (20,640)
N (%)

Age < 25 2289 (8.3) 1715 (8.3)

Age 26–35 6924 (25) 4508 (21.8)

Age 36–45 5480 (19.8) 3904 (18.9)

Age 46–65 13,024 (47) 10,513 (50.9)

Female 16,314 (58.8) 12,040 (58.3)

Male 11,413 (41.2) 8600 (41.7)

Asian 1879 (6.8) 1526 (7.4)

Black 4644 (16.8) 3475 (16.8)

Other race 5073 (18.3) 2557 (12.4)

White 16,131 (58.2) 12,812 (62.1)

Primary language English 26,648 (96.1) 19,742 (95.7)

Primary language non-English 1079 (3.9) 898 (4.4)

Income (by zip code):

Median $67,338 $67,338

Mean $70,831 $70,892

SD $27,379 $27,328
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HIV testing overall
A multivariate regression was used to examine the effect of
patient characteristics on the likelihood of HIV testing at
the practice overall, incorporating both the pre-reminder
and post-reminder time periods (Table 3). Patients age 25
or younger remained more likely to be tested for HIV com-
pared to those in the 46–65 age group (used as the refer-
ence group for age), as were patients in the 26–35 age
group (RR 1.65 with CI 1.51–1.80 and RR 1.71 with CI
1.62–1.80, respectively). Although testing rates for men and
women seemed to equalize in the post-reminder period,
men remained slightly more likely to have been tested in
examining overall practice data, with a relative risk of 1.12
(p < 0.0001, CI 1.06–1.16). The reminder had a larger effect
on increasing testing for females (RR 2.19) than males
(RR1.82). Overall, white patients were least likely to be

tested for HIV both before and after the reminder, which
was particularly pronounced when comparing to the prob-
ability of HIV testing in black patients, with a relative risk
of 0.68 (p < 0.0001, CI 0.65–0.72). English speaking patients
were also less likely to be tested overall, with a relative risk
of 0.74 (p < 0.001, CI 0.67–0.82). Patients who lived in zip
codes with household incomes higher than the median of
$67,338 were slightly less likely to be tested (RR 0.84, p <
0.0001, CI 0.80–0.88).

Effect of healthcare utilization on HIV testing
Median time enrolled in the practice for patients in the
pre-reminder period was 2093 days, compared to 2286 days
for patients in the post-reminder period. This was not sta-
tistically different between the study periods (p = 0.598).
Survival analysis examining the duration of time in the
practice from the first visit until the first HIV test showed
that the hazard ratio for the rate of HIV testing between
the “before” and “after” periods (with “before” as the refer-
ence period) was 1.92 (95% CI 1.84–1.99). This estimate

Table 2 HIV testing rates before and after EMR reminder
implementation stratified by levels of patient characteristics

Patient
characteristic

Proportion
tested before
reminder

Proportion
tested after
reminder

Relative Risk
and 95%
Confidence
Intervala

P-valuea

OVERALL 15.3% 30.7% 2.02 (1.95–2.09) < 0.0001

AGE

Age≤ 25 22.5% 34.3% 1.52 (1.38–1.69) <0.0001

Age 26–35 23.1% 36.9% 1.61 (1.53–1.71) <0.0001

Age 36–45 15.8% 31.0% 1.98 (1.83–2.13) <0.0001

Age 46–65 9.7% 27.2% 2.81 (2.65–2.99) <0.0001

GENDER

Female 14.0% 30.5% 2.19 (2.10–2.30) <0.0001

Male 17.3% 30.8% 1.82 (1.73–1.91) <0.0001

RACE

White 13.9% 27.1% 1.97 (1.88–2.07) <0.0001

Black 21.5% 41.0% 1.93 (1.81–2.06) <0.0001

Asian 14.5% 30.3% 2.11 (1.85–2.40) <0.0001

Other race 14.6% 33.4% 2.31 (2.12–2.51) <0.0001

LANGUAGE

English
speaking

15.3% 30.4% 2.01 (1.94–2.08) <0.0001

Non-English
speaking

17.2% 37.5% 2.20 (1.89–2.56) <0.0001

INCOME

Income
< median
($67,338)

19.1% 34.9% 2.28 (2.16–2.40) <0.0001

Income
> median
($67,338)

11.9% 26.9% 1.85 (1.77–1.93) <0.0001

aEstimates from generalized estimating equations models where the
dependent variable is HIV testing (binary 1 or 0), and the independent variable
is time period (before, after reminder). The before reminder time period serves
as the reference category, and stratification is used for each level of the
patient characteristic

Fig. 1 HIV Testing by Age. Differences in percentage of patients
screened by age groups before and after the EMR prompt. Age < 25yo:
22.5 vs 34.3%, RR 1.52 (CI 1.38–1.69), p< 0.0001; Age 26–35: 23.1% vs
37%, RR 1.61 (CI 1.53–1.71), p< 0.0001; Age 36–45: 15.8% vs 31%, RR 1.98
(CI 1.83–2.13), p< 0.0001; Age 46–65: RR 2.81 (2.65–2.99), p< 0.0001

Table 3 Adjusted association between patient characteristics
and HIV testing overall

Patient Characteristics Relative Risk Confidence Interval P Value

Gender-male 1.12 1.06–1.16 p < 0.0001

White vs. Black race 0.68 0.65–0.72 p < 0.0001

White vs. Asian race 1.00 0.92–1.09 p = 0.9935

White vs. Other race 0.96 0.90–1.03 p = 0.2300

Age < 25 vs 45–65 1.65 1.51–1.80 p < 0.0001

Age 26–35 vs 45–65 1.71 1.62–1.80 p < 0.0001

Age 35–45 vs 46–65 1.29 1.22–1.37 p < 0.0001

English speaking vs other 0.74 0.67–0.82 p < 0.0001

Income >$67,338 0.84 0.80–0.88 p < 0.0001

Estimates from generalized estimating equations with log link. Reference
group: Female, white, age:45–65, language: other, income: <=$65,338
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suggests that in the post-reminder period, the rate of HIV
testing was approximately twice that of the pre-reminder
period. This is in agreement with our analysis using re-
peated measures modeling method of generalized estimat-
ing equations (GEE), where we obtained the relative risk of
2.02 and 95% confidence interval of 1.95–2.09 (Table 2).
In both time periods, patients enrolled in the practice

for a shorter duration were more likely to receive an
HIV test. In the “before” period, patients who had HIV
testing were enrolled for a median time of 2.2 years,
whereas those with no testing were enrolled for median
time of 5.4 years. In the post- reminder period, patients
who received an HIV test had been enrolled for a me-
dian of 4.5 years, as compared to 5.2 years among those
who did not receive an HIV test.
There was no correlation between the number of visits

the patient made to the practice and the likelihood of
HIV testing, either before or after the reminder (Spear-
man coefficient = −0.03). The median number of visits
was the same (10) in both the “before” (mean 15.48, SD
16.90) and “after” periods (mean 15.52, SD 17.57) (p =
0.065). Clinically, there is little difference between the
two distributions of visit frequency.

Sensitivity analysis: New patients
In the pre-reminder period, there were 7968 (out of total
27,729), or 29%, new patients, as compared to 7469 (36%)
new patients in the post-reminder period. These two pro-
portions are significantly different (p = 0.0001). Before the
intervention, the HIV test proportion in new patients was
22.5% (1796/7968), compared to 32.7% (2441/7469) after
the intervention, with relative risk of receiving an HIV test
after the reminder of 1.46 (p = 0.0001). The rate of new
patient screening was higher than the rate of screening for
the overall study group in both the before (22.5% vs.
15.3%) and after (32.9% vs 30.7%) periods. However, there
was a smaller change in the likelihood of HIV screening
after the reminder among new patients.

HIV testing by provider type
In the “before” period, our providers were comprised of
80.7% attending physicians and 19.3% resident physi-
cians. In the “after” period, there were 81.9% attendings,
and 18.1% residents. Residents had higher HIV testing
rates than attendings both before (RR 1.55, CI 1.46–
1.66) and after (RR 1.24, CI 1.19–1.31) the implementa-
tion of the reminder. Among attendings, the HIV testing
rate increased from 13.9% in the pre-reminder period to
29.5% in the post-reminder period (RR 2.14, p = 0.0001,
CI 2.05–2.23). Among residents, the HIV testing rate in-
creased from 21.7% in the “before” period to 36.9% after
the intervention (RR 1.72, p = 0.0001, CI 1.60–1.84). The
reminder resulted in a larger magnitude effect among at-
tendings as compared to residents.

Local considerations in HIV testing
Looking only at the time period between June 26, 2012
(the date of change in Massachusetts law requiring written
consent for HIV testing), up to the date of the reminder
implementation, the HIV test proportion among patients
in the practice was 16.5% (4094/24842). In the study
period after the reminder, this increased to 31.3% (6505/
20817), p-value = 0.0001. These estimates are slightly
higher than those we reported for the overall estimate (see
Table 2) of 15.3% vs. 30.7%.

Discussion
This study sought to evaluate the impact of a passive
EMR reminder on rates of HIV testing at a hospital-based,
academic primary care practice. Study results showed a
two-fold increase in overall testing after reminder imple-
mentation. These results support the findings of a study
from Case Western Reserve University, which showed
that a passive EMR reminder decreased the number of pa-
tients never tested for HIV, as well as findings from a
study at the Veterans’ Administration (VA) system, which
showed increased HIV screening after implementation of
a comprehensive intervention that included an active elec-
tronic reminder [10, 11]. An Indian Health Service survey
also found that having an electronic reminder in place for
more than one year was correlated with higher levels of
HIV screening [12]. The findings are contrasted, however,
by a separate, null VA study which included only low-
intensity electronic reminders [13]. Overall, our results
add to a growing body of literature supporting the use of
EMR reminders, even for traditionally stigmatizing condi-
tions such as HIV infection.
The reminder was particularly successful in increasing

screening rates in patients with low rates of baseline
testing. Older adults have been identified in the litera-
ture as a population not meeting screening goals. In the
Behavioral Risk Factor Surveillance System report, Ford
et al. demonstrated that HIV screening in 50–64 year
olds increased slightly after the CDC recommended uni-
versal screening in 2006, but then decreased again over
time to a prevalence of just 3.7% in 2010 [14]. In the
current study, the reminder led to a three-fold increase
in testing of patients age 46–65.
Low screening rates in older adults may reflect subcon-

scious practitioner beliefs about the epidemiologic risk of
HIV in middle-aged and older populations. However,
people ≥ age 45 comprised more than one-third of new
HIV diagnoses in Boston (the location of the current study)
between 2009 and 2011 [15]. The discrepancy between
baseline testing and local epidemiologic risk underscores
the need to apply HIV screening universally. Factors such
as subconscious provider or patient beliefs may influence a
patient’s likelihood of being tested for HIV regardless of the
EMR reminder.
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We examined several other factors which may also in-
fluence the likelihood of HIV testing, including the type of
provider, as well as several aspects of patient healthcare
utilization. In regard to provider type, residents were more
likely than attendings to test patients for HIV overall, but
the reminder had less of an impact on increasing HIV
testing among residents. While there could be many rea-
sons for this, one possibility is that routine HIV screening
is more a part of residents’ clinical repertoire due to the
era of their training, which may lead to more comfort with
the topic, regardless of an EMR reminder. All practi-
tioners may benefit from training on who should be
screened and how to discuss screening for HIV in a way
that minimizes stigma, but providers with different levels
of experience and training also may simply integrate new
practices at different rates and use EMRs in different ways.
Given that EMRs and EMR alerts have been more com-
mon since residents started training, it is also possible that
they are more used to the reminders, and therefore more
subject to “alert fatigue.”
Regarding healthcare utilization, frequency of patient

visits was not correlated with the likelihood of receiving
an HIV test, either before or after the reminder. While
one may have predicted that more frequent visits would
result in higher rates of HIV screening, it is possible that
patients who are seen more frequently come in for more
episodic visits to address acute problems, during which
healthcare maintenance is not the primary goal. During
such visits, due to the acute issue(s) at hand, providers
may not pay attention to a passive EMR alert. In future
studies, it would be useful to collect data on the reason
for the visit in order to better understand this finding.
We also found that although new patients to the prac-

tice were overall more likely to receive HIV screening, the
reminder had a smaller impact on increasing testing for
this patient population. The finding that new patients
were more likely to be screened in general may possibly
be explained by the idea that addressing healthcare main-
tenance items is typically a routine practice for a first
meeting, and providers may also feel this is a more nor-
malized setting in which to approach a patient about HIV
testing. The finding that the reminder was less effective
among new patients may suggest that our estimate of the
overall effect of the reminder was an overestimation of the
true effect.
In general, the finding among new patients echoes a theme

throughout the study, that the reminder tended to be more
impactful in increasing screening rates for those patients less
likely to get screened otherwise. This generalization is sup-
ported by the finding that patients of attendings were less
likely to be screened overall as compared to patients of resi-
dents, but that the reminder led to a larger increase in HIV
screening among attendings. Additionally, older patients
were least likely to be screened in both time periods, yet the

magnitude of the increase in screening was highest in this
group. Similarly, women were less likely to be tested prior to
the reminder, but the impact of the reminder was larger for
women than men. While we cannot know for sure why this
general trend was seen, the finding might point to the re-
minder serving as a normalizing factor for discussion of HIV
testing with patients whom providers may not have previ-
ously thought of as “at risk,” or patients whom providers did
not previously feel comfortable approaching about the topic.
A potential way to improve the impact of the reminder may
be to create a tiered alert in which patients who meet criteria
associated with lower likelihood of screening have a higher
intensity alert, such as an active reminder, which practi-
tioners must address before being allowed to move further
through the medical record.
While the robust increase in HIV screening rates after

reminder implementation is very promising, it is worth
noting that the practice’s overall adherence to HIV screen-
ing guidelines remained low, with 30.7% of eligible pa-
tients receiving an HIV test even after the reminder. This
suggests that practices may need to consider additional
strategies in order to meet screening goals. One alterna-
tive to passive EMR reminders is active reminders. The
VA study discussed above, which showed a significant
increase in HIV screening within its intervention arm, in-
cluded an active, rather than passive, reminder [10]. Those
authors also used intervention components outside the
electronic reminder, including organizational factors and
provider activation via educational and social initiatives.
More than an electronic reminder alone may be necessary
to improve screening to optimal levels.
However, a relative strength of our study is the increase

in screening it achieved without any of the other time- or
resource-intensive interventions described in other posi-
tive EMR reminder studies, including provider education
[11], academic detailing and use of champions [10]. In-
deed, our study shows a similar proportional rise in
screening to at least one prior study [10] which was much
more resource-intensive. In addition, most prior studies
assessed screening for HIV among patients already deter-
mined to be at high risk based on pre-identified risk fac-
tors [10, 11, 13], whereas we assessed universal screening
regardless of risk factors, which we think has significant
implications. While the study by Avery, Del Toro, and
Caron in 2014 [11] most closely matched ours in terms of
the use of a passive electronic reminder and applied uni-
versal screening, the study specifically targeted clinics that
were felt to be in high-risk areas, whereas our study de-
scribes an untargeted population of all risk levels.
Screening rates may also benefit from actions other than

reminders that further normalize the role for HIV testing
within the primary care visit. For example, Massachusetts
required written consent for HIV testing until 2012, in con-
trast to almost any other laboratory test. Many practitioners
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may recall the written consent as arduous and time con-
suming. Actions that remove time barriers are likely to im-
prove testing rates. Because the Massachusetts law change
overlapped with our study period, this could have con-
founded our results. Yet, when we removed visits during
the original study period prior to the change in the law, this
did not reduce the effect of the intervention.
HIV screening may be further established as routine

practice (and destigmatized) by maximizing use of popu-
lation management support systems, such as in the med-
ical home model, which includes screening for HIV
alongside the other common screening initiatives, such
as cancer screenings. In addition, “opt-out” HIV screen-
ing is also a potential way to increase screening, in
which routine HIV testing is incorporated into blood
draws without additional ordering required by medical
providers; this has been supported by the Centers for
Disease Control [16]. This method has not yet been in-
corporated into our practice policy. Finally, practitioners
may also benefit from further education on whom to
screen and how to avoid stigma in the discussion about
HIV screening. Ultimately, a comprehensive approach
incorporating both an EMR prompt and other behav-
ioral strategies for practitioners may be most successful
in improving screening rates.

Limitations
The study should be viewed with several limitations. Our
data collection could not capture HIV tests performed
outside of our healthcare system, as practitioner behavior
surrounding the manual entry of outside HIV tests and
patients declining the test is variable. Therefore, our post-
reminder rate of 30.7% likely underestimates the true
number of patients who have met the screening goal.
We were unable to discern which practitioner-specific

factors, other than level of training, may have been associ-
ated with low screening rates and exactly how the elec-
tronic reminder may have affected these specific factors.
Although we could postulate that discomfort with discuss-
ing HIV screening and the impression that few of a practi-
tioner’s patients are at risk for HIV could play a role, we
cannot be certain. A final shortcoming is the relatively short
period of follow up of 12 months after the implementation
of the EMR reminder. Therefore, it is not clear whether the
effect of the reminder will increase or decrease over time.
These issues represent opportunities for further research.

Conclusions
This study demonstrated that a passive EMR reminder dou-
bled HIV screening rates, as well as detection of positive
HIV tests, at a hospital-based primary care practice. The re-
minder was most effective in increasing screening among pa-
tients who were less likely to be screened due to other
factors, including older age, female gender, longer enrollment

in the practice, and having an attending provider. However,
significant opportunity for improvement remains. Future re-
search should examine additional patient and practitioner
factors that may place patients at high risk of under-
screening and pilot comprehensive interventions – in
addition to EMR reminders– to improve screening rates.
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