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ABSTRACT
Many residency programs lack dedicated HIV curricula and residents report discomfort caring for
these patients. Antiretroviral medication interactions are particularly relevant as adverse events
frequently occur. This study evaluated the impact of a didactic session regarding antiretroviral drug
interactions on resident knowledge and comfort. We conducted a prospective cluster-randomized
controlled trial of internal medicine residents at an urban academic medical center. The
intervention was a case-based lecture explaining the pharmacologic mechanisms behind drug-drug
interactions with HIV antiretrovirals. The control group did not receive this intervention. We
assessed knowledge and comfort in all subjects before and two months after the intervention. We
enrolled 74 residents (76% of those surveyed). Baseline knowledge scores did not differ between
groups, and delayed post-test scores showed improvement in the intervention group compared with
controls at a level approaching significance (p=0.1). Analysis of paired data found a statistically
significant increase between pre- and post-test scores (p=0.0032) and in comfort levels with
outpatient care (p=0.02), inpatient care (p=0.02), and starting new medications (p=0.026) in the
intervention group compared with controls. Resident knowledge and comfort managing patients on
HIV medications can be improved after a single targeted educational intervention. This topic
should be prioritized within a broader HIV curriculum.

© 2013 GESDAV

INTRODUCTION

As people with HIV lead longer lives due to highly
active antiretroviral therapy, they will develop chronic
illnesses like hypertension, hyperlipidemia and
coronary artery disease [1]. Along with the CDC
recommendation for universal HIV screening, this shift
in focus will make the care of HIV patients more
relevant to internists [2]. However, general internists
and trainees lack comfort in managing this patient
population and dedicated curricula are not widespread
[3-5]. Moreover, this discomfort and lack of
knowledge has led to preventable errors and may also
result in an anticipated shortage of HIV care providers
in the workforce [6].

Of particular relevance to generalists is the topic of
medication interactions with antiretrovirals.
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Medication errors in both inpatient and outpatient
settings are common, harming at least 1.5 million
people in the United States and costing billions of
dollars annually [7]. Previous studies have shown that
up to 86% of patients on antiretrovirals had at least one
medication-related adverse event during a hospital
admission [8]. These errors were most commonly due
to drug-drug interactions with the cytochrome P450
CYP3A metabolism [8-11]. The majority of all drugs,
including HIV protease inhibitors, are metabolized at
least partially through this pathway, leading to frequent
drug-drug interactions [9-10]. Several studies point to
inadequate medical knowledge as one of the leading
causes of antiretroviral prescribing errors [8-15].
While some consider antiretrovirals to be the purview
of infectious disease (ID) physicians alone, medical
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residents and internists will undoubtedly care for
patients already on these medications, and ID
consultation or clinical pharmacist oversight is not
always readily available [16].

Therefore, the goal of this study was to examine the
impact of a didactic session regarding common
antiretroviral drug interactions on knowledge and
comfort among internal medicine residents.  Our
hypothesis was that our educational intervention would
result in higher knowledge test scores in the
intervention group compared to controls.

METHODS

We conducted a prospective cluster-randomized
controlled trial at an urban-based academic medical
center in Boston.  Study subjects were internal
medicine residents in their second and third years of
training during academic year 2011-2012.

The educational intervention was an hour-long didactic
session titled, “HIV antiretroviral drug interactions for
the internist,” administered by the author (BH) to three
distinct groups of residents over a three-week period,
which captured approximately half of the junior and
senior residents in the internal medicine residency.
The educational session was provided as part of an
established ambulatory care curriculum and utilized
case-based presentations to depict examples of drug-
drug interactions from HIV antiretroviral medications
with steroids, proton pump inhibitors, statins, and
antifungals. The content also included the
pharmacologic mechanism behind these drug class
interactions. The residents not present in the
ambulatory setting during those 3 weeks served as the
control group; scheduling assignments are determined
at the beginning of the year and are arbitrary with
respect to the topic being examined here.

We developed a 10-item multiple-choice knowledge
test on HIV antiretroviral drug interactions, based on a
prior study [13] to assess physician knowledge of these
interactions. We used a modified Delphi method [17]
to assess the content validity of the instrument and sent
the initial survey to 15 HIV expert providers and
pharmacists for comments.  Their feedback was
incorporated into an updated draft that was again
distributed anonymously for suggestions. After two
iterations, the final instrument was established. Along
with the pre-test we also solicited basic demographic
information, future career plans, and perceived comfort
caring for patients on antiretroviral medications on a 4-
point scale (1 = “very comfortable” to 4 = “very
uncomfortable”).

We administered the knowledge test to all junior and
senior residents electronically one month prior to the

188

intervention (“pretest”). Residents received weekly
reminders for completion. We administered the
knowledge test immediately after the educational
intervention to the study group (“immediate posttest™),
and we surveyed both control and intervention groups
two months later to assess knowledge retention
(“delayed posttest”). Subjects reported the last four
digits of their cell phone numbers, which we employed
as nonconfidential identifiers to link pre- and post-test
data. This study was considered exempted from further
review by our hospital’s institutional review board.

We tabulated subject characteristics (age, gender, post-
graduate year, future career plans, clinic locations, and
prior didactic exposure to ARV interactions) by group.
We compared group characteristics to confirm
equivalence, using Chi-square/Fisher’s exact test for
analysis of proportions and Wilcoxon rank sum for
ordinal data. The primary outcome was knowledge test
scores, and secondary outcomes were comfort with
HIV meds in the outpatient and inpatient settings and
comfort with starting new HIV medications. We
compared outcomes between the control and
intervention groups in aggregate (all resident data).

We conducted two sensitivity analyses. We examined
the subset of study subjects who had completed both
the pre- and posttests and compared change in
knowledge test scores from baseline between
intervention and control groups, using Wilcoxon signed
rank tests for paired ordinal data. We repeated the
analyses for comfort scores. We additionally
performed multiple logistic regression using a perfect
test score (i.e., 10 points) as the outcome and including
group assignment, intended career in primary care, and
clinic at an HIV specialty site as predictors.

We used Stata 12 (College Park, TX) for all analyses.
We assumed two-tailed hypotheses with a threshold of
significance set at p<0.05.

RESULTS

Of 98 survey recipients, 45 completed the pre-test, 47
completed the post-test and 27 completed both. A total
of 27 were in the control group and 47 were in the
intervention group. Subjects in both groups did not
statistically differ in relation to age, sex, post-graduate
year, or career plan expressed as a dichotomous
variable (Table 1).

Pre-test knowledge scores did not differ between the
groups at baseline, and delayed post-test scores showed
improvement in the intervention group compared to the
controls, though the p-value was not significant
(p=0.10) (Table 2). Comfort scores were lower at
baseline for the intervention group compared to the
controls for managing patients on HIVV medications in
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the outpatient setting (p=0.016), managing patients on
HIV medications in the inpatient setting (p=0.016), and
initiating new medications in HIV patients (p=0.012).

The vast majority (98%) of both groups agreed that it
was important to learn about HIV antiretroviral
medications regardless of their future career plans.

When we examined available paired data for the
difference between pre- and post-test scores, there was
a statistically significant increase (p=0.0032) in the
intervention group (17 matched pairs) but not in the

Table 1. Baseline characteristics, by group

controls (10 matched pairs) (Table 2). This observation
was likewise true for comfort rating with outpatient
care (p=0.02), inpatient care (p=0.02) and starting new
medications (p=0.026), which were statistically
different after the intervention compared to before, for
the intervention group only. The second sensitivity
analysis did not show a relationship between having a
clinic with a higher HIV population (Fenway and
Dimock) or an interest in a primary care career with a
perfect test score of 10 points.

Control Intervention P-value
Total N=27 N=47
PGY year 0.36
JAR 10 37% 24 51%
SAR 17 63% 23 49%
Age 0.62
25-29 17 63% 31 66%
30-34 9 33% 12 26%
>35 1 4% 4 9%
Gender 0.84
Male 15 56% 25 53%
Female 12 44% 22 47%
Career plan
Primary care 4 15% 14 30% 0.24%
Hospitalist 7 26% 5 11%
ID 1 4% 1 2%
Other subspecialty 10 37% 23 49%
Other 5 19% 4 9%
Clinic site®
HCA 22 81% 40 85% 0.75°
Dimock 3 11% 6 13%
Fenway 2 7% 1 2%
VA 5 19% 3 6%
Other 5 19% 7 15%
Prior exposure to content (# of lectures)
Med school 0.97
None 1 4% 3 6%
1-2 sessions 18 67% 28 60%
3-4 sessions 5 19% 10 21%
>4 sessions 3 11% 5 11%
Residency
None 7 26% 1 2% 0.32
1-2 sessions 13 48% 29 62%
3-4 sessions 5 19% 13 28%
>4 sessions 2 7% 1 2%

dComparison between primary care vs not primary care
bPercentages>100% as residents may have >1 clinic

“Comparison between Dimock/Fenway (higher HIV population) vs other
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Table 2. Comparison of intervention and control groups in aggregate and paired samples

Allconrol  Allnterventon *TEE RORETE T ool ngervenion
n=27 n=47 n=10 n=17

Test scores® (mean, median)

Pretest 7.9,8 7.7,8 0.97 7.8.8 74,8

Delayed post 8.1,8 8.5,9 0.10 78,8 8.8,9

P-values comparing delayed post- to pre-tests 0.87 0.0032
Comfort levels® with outpt HIV care

Pretest 28,3 33,3 0.016 3.0,3 34,3

Delayed post 29,3 2.8,3 0.60 27,3 29,3

P-values comparing delayed post- to pre-tests 0.18 0.020
Comfort levels® with inpt HIV care

Pretest 23,2 28,3 0.016 22,2 29,3

Delayed post 23,2 24,2 0.84 23,2 25,2

P-values comparing delayed post- to pre-tests 0.65 0.020
Comfort levels® with starting meds in HIV pt

Pretest 27,3 32,3 0.012 28,3 34,3

Delayed post 28,3 3.0,3 0.43 27,25 3.0,3

P-values comparing delayed post- to pre-tests 0.65 0.026

#Maximum score of 10

bRange of 1 "very comfortable", 2 “comfortable, 3 “uncomfortable” to 4 "very uncomfortable"

DISCUSSION

As the HIV population ages, they will develop more
chronic medical conditions that will require the
internists who care for them to understand possible
interactions  between antiretrovirals and  other
commonly used medications. While our study did not
show differences in test scores between the intervention
and control groups, it did show significantly increased
test scores and comfort with antiretrovirals after the
intervention compared to prior.

We had hypothesized that knowledge scores would
increase more significantly after the intervention. We
suspect the ceiling effect in scores (due to higher than
expected baseline knowledge among the residents)
reduced the sensitivity of our instrument to detect
change. We did find that comfort increased compared
to baseline, which suggests that providing a brief
exposure to a topic often overlooked in broad-based
HIV curricula is sufficient to result in increased
confidence about antiretrovirals.

Our findings of low baseline comfort with
antiretrovirals and with providing outpatient HIV care
are consistent with prior studies. Initially, only 23% of
our control group and 9% of the intervention group
reported feeling very comfortable or comfortable
providing outpatient HIV care. This was similar to
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39% of medical residents from four different internal
medicine residency programs who reported feeling
incompetent providing outpatient HIV care [3].
Similarly, at baseline only 29% of our control group
and 14% of the intervention group felt comfortable
initiating new medications in patients on antiretrovirals
which supports a prior study finding that less than 25%
of internal medicine residents and attending physicians
felt comfortable managing HIV-infected patients [13].

Limitations in this study include its single-institution
setting, small sample size, and select population of
internal medicine residents in an urban location. Our
residents may have a different baseline level of
knowledge and educational exposure to HIV
medication management than other populations of
relevant providers, limiting our study’s generalizability.
Our instrument, as mentioned previously, was
constrained in its ability to demonstrate a greater
degree of improvement. We also acknowledge that
comfort and knowledge may not be proxies for resident
behavior regarding HIVV medication interactions.

In conclusion, as HIV prevalence increases and the
population with this disease ages, there will be an
increased need for generalist physicians to provide care
to patients on antiretrovirals as they develop other
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comorbid chronic medical conditions. Many internal
medicine residency programs do not currently have
dedicated HIV curricula, and as a result, many residents
feel uncomfortable caring for this population. Our
study suggests that resident knowledge and comfort
level managing patients on HIV medications can be
improved after a single targeted educational
intervention. This topic should be prioritized within a
broader internal medicine resident HIV curriculum.
However, as the majority of residents remained
uncomfortable prescribing new medications to patients
on antiretrovirals, further work needs to be done in this
area to assess their knowledge deficiencies and create
educational tools to bridge these gaps.
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