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ABSTRACT

Objective Evidence-based clinical resources (EBCRs)
have the potential to improve diagnostic and therapeutic
accuracy. The majority of US teaching medical institutions
have incorporated them into clinical training. Many EBCRs
are subscription based, and their cost is prohibitive for
most clinicians and trainees in low-income and middle-
income countries. We sought to determine the utility of
EBCRs in an East African medical school.

Setting The University of Rwanda (UR), a medical school
located in East Africa.

Participants Medical students and faculty members at
UR.

Interventions We offered medical students and faculty
at UR free access to UpToDate, a leading EBCR and
conducted a cohort study to assess its uptake and usage.
Students completed two surveys on their study habits and
gave us permission to access their activity on UpToDate
and their grades.

Results Of the 980 medical students invited to enrol over
2years, 547 did (56%). Of eligible final year students,
88% enrolled. At baseline, 92% of students reported
ownership of an internet-capable device, and the majority
indicated using free online resources frequently for
medical education. Enrolled final year students viewed,
on average, 1.24 topics per day and continued to use
UpToDate frequently after graduation from medical school.
Graduating class exam performance was better after
introduction of UpToDate than in previous years.
Conclusions Removal of the cost barrier was sufficient to
generate high uptake of a leading EBCR by senior medical
students and habituate them to continued usage after
graduation.

INTRODUCTION

The velocity of growth of the clinical evidence
base is staggering: In the last 3years alone,
over 16000 unique clinical studies posted new
results on ClinicalTrials.gov." There is more
information emerging every year than any
one person could ever retain. In response,
educators in the US have called for a shift

Strengths and limitations of this study

» This is the first reported longitudinal prospective
cohort study of health professionals and trainees in
Africa.

» This is the first study to link usage of online educa-
tional resources to performance in medical school
examinations in Africa.

» Our ability to precisely track online usage of
UpToDate eliminates recall bias that is likely to sig-
nificantly impact findings of studies of educational
interventions that are based on self-reporting.

» Given the observational nature of our study, we can-
not make causal claims on the relationship between
student use of UpToDate and their performance on
medical school examinations.

» The relatively short follow-up period discussed in
this paper limits our ability to understand the long-
term impact of offering UpToDate access to African
health trainees.

in the basic paradigm of medical education,
de-emphasising the passive presentation of
material and promoting problem-solving
skills and the ability to find information and
adapt it to the clinical situation at hand.?
The Liaison Committee on Medical Educa-
tion mandates that self-directed learning
be part of every accredited school’s curric-
ulum, and the American Board of Internal
Medicine recently announced that mainte-
nance of certification exams for internists
and nephrologists will be open-book.” * The
historical focus on memorisation is giving way
to an emphasis on knowing how to find infor-
mation, synthesise it and apply it clinically.
Clinicians who have not developed these skills
during medical school or clinical training are
at a disadvantage, which, ultimately, means
their patients are at a disadvantage.”’
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The ability to access and synthesise clinical informa-
tion effectively and efficiently is particularly crucial for
clinicians in low-income and middle-income countries
(LMICGs). The health workforce shortage and absence of
specialists forces clinicians to care for more patients with
a broader range of complaints than their counterparts in
high-income countries. Rwanda, a country of 11 million
people, had, until recently, a total of 15 anaesthesiologists,
25 obstetricians and zero neurologists.”? In addition, a
study of 21 hospitals in LMICs documented substan-
tial knowledge gaps among physicians.'” Constraints in
medical education in these countries are likely respon-
sible for both workforce and knowledge gaps. In 2011,
the Sub-Saharan African Medical School Study group
surveyed 146 of 168 medical schools in the region and
found widespread shortages in qualified faculty and
infrastructure."

To address the challenge of the rapidly expanding
evidence base in medicine, several organisations in
high-income countries have created evidence-based clin-
ical resources (EBCRs), regularly updated, expert-au-
thored, online tools that synthesise the primary literature
to guide clinical decision making. Over the years, UpTo-
Date, which was founded at Harvard Medical School in
1992, has emerged as a leading EBCR in high-income
countries, and several studies have documented its utility:
Use of UpToDate has been associated with improved
examination performance among internal medicine resi-
dents, as well as lower mortality at US hospitals.” ® As of
February 2018, 90% of teaching US medical institutions
and 100% of the top 20 US medical schools (as ranked
by US News & World Report) subscribed to UpToDate.'*"*
Despite the high demand for UpToDate in US medical
education, none of the 168 medical schools in Sub-Sa-
haran Africa subscribe to its services, partly because of the
high subscription cost. An individual physician subscrip-
tion to UpToDate in Rwanda costs $299 per year; Rwanda
spent $52 per capita on healthcare in 2014." Addition-
ally, cost of internet access can be prohibitively high in
some LMICs; at the time of publication, mobile internet
in Rwanda cost approximately $0.05 per megabyte.'®

Given their utility in high-income countries, access to
EBCRs could help address some of the challenges faced
by clinicians in LMICs. We believe that access to better
evidence could improve the knowledge base of these
clinicians, increase their perception of self-efficacy and
create a professional habit of seeking evidence at the
point of care. This could be particularly beneficial for
clinicians caring for a large number of complex patients
without access to specialists. We have previously reported
on a programme, which provides donated UpToDate
subscriptions to clinicians in LMICs, in which we found
that most use UpToDate with high frequency, and many
report changing their clinical decision making as a result
of having access to UpToDate.'”

While EBCRs have traditionally been developed for
physicians in practice, there are reasons to believe
that their introduction to medical students would be

beneficial. First, medical school is de facto the first locus
of professional habit formation, and often their last
formal one, as many clinicians in LMICs do not receive
postgraduate education. Additionally, providing access
to EBCRs to medical students in LMICs is a matter of
equity: students who have worked hard to care for their
community in LMICs should have the same opportunity
to learn and provide quality care as their counterparts in
US medical schools. In this article, we hypothesised that
removing the subscription cost barrier to accessing EBCR
will lead to high student uptake and possibly lead to an
improvement in educational outcomes.

METHODS

Setting

The University of Rwanda (UR) was the only medical
degree—granting school in Rwanda at the time this study
launched and is a public university. Seventy-six percent
of students at UR are recipients of bursaries from the
Government of Rwanda.'"® Medical students enter UR
after successful completion of high school and, during
the study period, completed a 6-year medical education
curriculum consisting of 2years of preclinical education
followed by 4 years of clinical education in the wards.

Intervention

In the fall of 2014, the authors formed an agreement
with Wolters Kluwer, the parent company of UpToDate,
to facilitate the donations of UpToDate subscriptions to
medical students in Sub-Saharan Africa. With appropriate
institutional review board approval, medical students
and faculty at the University of Rwanda were invited
by email to enrol in our study. ‘Faculty member’ was
defined as anyone who teaches undergraduate medical
students, which meant that residents, as well as staff physi-
cians, were considered faculty. Undergraduate medical
students, who unlike US medical students are admitted
to medical school after high school at age 18 years, were
invited to enrol as well. Students were invited in cohorts
that spanned the different years of medical school (see
online supplementary table 1). Enrolment was voluntary
and not mandated by faculty or the curriculum. Each
participant received a free 5-year individual subscription
to UpToDate, which allowed them to access the website
from any computer or mobile device. The authors under-
took no recruitment or training efforts. Data reported in
this paper was generated in 2015-2017. All study subjects
will be eligible for getting free UpToDate access after the
5 years of the study through a donation programme that
UpToDate has created for all medical doctors practising
in resource-limited settings. This donation programme
is available to any medical provider in a low-income and
middle-income country and gives free, unlimited access
to UpToDate without a time limit. Donations have to be
renewed annually. Hence, all study subjects will be able to
get free UpToDate access after this study concludes, for
as long as they practice medicine in a resource-limited
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B. Use of resources
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Baseline survey of Rwandan medical students. (A) The percentage of students at UR reporting that they own a

particular internet capable device or use it in medical education. ‘Any device’ refers to any of the following: tablet, smartphone,
laptop and desktop. (B) The percentage of students indicating that they use a specific resource to study for coursework or
prepare for examinations. n=547 UR students UR, University of Rwanda.

setting. The donation programme details can be found
here: https://www.ariadnelabs.org/better-evidence/.

Evaluation

Students were asked to complete an online baseline
survey to document their study habits before provision
of UpToDate and an Annual Evaluation survey. We chose
questions around students’ baseline utilisation of the
internet in medical education, as others have identified
access to devices and the internet as potential barriers
to EBCR utilisation." Students’ responses over time
were linked using their name and email. All participant
activity on the UpToDate website and mobile application
was tracked remotely and linked to survey responses. An
anonymised dataset of all student grades for the grad-
uating classes of 2012-2017 was obtained to assess the
impact of UpToDate on class examination performance.
Lastly, to understand student usage of UpToDate over
time, we plotted the average number of topics viewed per
month by active users. To characterise a stable cohort of
users over time, we plotted the average number of topics
viewed by students in their final year who enrolled before
1 March 2016.

Data analysis
To understand EBCR usage patterns by students and
faculty, we calculated for each user the number of topics

viewed. Any action resulting in the opening of a new
UpToDate card (with a distinct title) was counted as a new
topic. Viewing of the same topic in the same session was
counted only once. A session was defined as the period
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Figure 2 Predictor of UpToDate usage. The average daily
usage during the study period by UR students broken
down by class year at enrolment. Students who did not
log onto their accounts after enrolling into the study were
assigned a daily topic viewing frequency of zero. n=547 UR
students. UR, University of Rwanda.
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Table 1 Multivariate linear regression with UpToDate usage
as the dependent variable

Variable Coefficients P value
Cohort -0.04 0.21
Year at enrolment 0.12 <0.001
Own any device 0.07 0.29
Own smartphone -0.03 0.49
Hours devoted to school 0.00 0.91
Google use frequency -0.02 0.30
UpToDate use frequency 0.00 0.70

The table shows a multivariable linear regression with average
daily topic viewing frequency (natural logarithm transform) as

the dependent variable. The dependent variable was calculated

as ‘number of UpToDate topics viewed’ / ‘days with an active
subscription’ for each user. It was set to zero for users who did not
log on to UpToDate. The dependent variable was transformed with
the equation Y’=In(Y+1) to approximate normality. The independent
variables were set as follows: ‘Cohort’ was set to one for students
enrolling in 2015-2016 and 2 for student enrolling in 2016-2017.
“Year at enrolment’: PCL1 was set to 1, PLC2 was set to 2, Doc1
was set to 3, Doc3 was set to 5 and Doc4 was set to 6. ‘Own any
device’ and ‘Own smartphone’ were set to 0 if the student did not
report ownership and to 1 if they did. ‘Hours devoted to school’ is
a sum of student reported hours spent in the classroom, in clinical
activities, and on studying. ‘Google use frequency’ and ‘UpToDate
use frequency’ were set based on student responses at the time
of enrolment (before UpToDate subscriptions were given to them).
They were set to 4 if student replied ‘almost every day’, 3 if ‘a few
times per week’, 2 if ‘a few times per month’, 1 if ‘a few times per
year’ and O if ‘never’ or ‘i don’t know this resource'. P value bolded
if <0.05.

using UpToDate, initiated by a unique log-on of a user
to the UpToDate website, mobile site or mobile applica-
tion and terminated when the user logged off, closed the
application or remained inactive for more than 3hours.
To calculate the average daily usage (ADU), the number
of topics viewed was divided by the number of days that
the user had an active account. The number of days with
an active account was defined as the interval between the
user's first-ever log-on and the end of the study period
(31 October 2017). To identify predictors of high usage
frequency, we conducted a multivariable linear regression
after applying the natural log transform to ADU values to
approximate normality.

To understand the impact of UpToDate on the overall
exam performance of the graduating class at UR, we
calculated the average grade of each graduating student
for 2012-2017 by averaging his or her performance on
graduation exams. Exams were written and clinical in
the following subjects: internal medicine, surgery, obstet-
rics and gynaecology and paediatrics. To assess the impact
of UpToDate, we performed two tests: first, we performed
a two-sided heteroscedastic t-test between grades assigned
before UpToDate provision (2012-2015) and grades
assigned after (2016-2017). To control for variability
due to the year of exam administration, we performed
a two-way analysis of variance (ANOVA) test with year of

8

exam and UpToDate provision as the independent vari-
ables and average exam grade as the dependent variable.

Data analysis was performed on Stata SE 14 and Micro-
soft Excel.

Patient and public involvement

Patients were not the subject of this study. Given the
setting of the study at a medical school, it was not feasible
to include a patient partner. A medical student at UR
(BN) is a co-author of this study and brought the student
perspective into the interpretation of the data.

RESULTS

Of the 980 students and 1084 faculty invited to enrol into
the study during the 2015-2017 study period, 547 (56%)
studentsand 325 (29%) facultydid. The highestenrolment
rate (87%) was observed among students in their final
(sixth) year of medical school, who are called ‘Doctorate
4’ or Doc4 students at UR (online supplementary table
1). In our baseline survey, 92% of student respondents
overall and 96% of Doc4 students reported ownership of
atleast one internet-capable device (figure 1A). Free elec-
tronic resources—primarily Medscape, Google and Wiki-
pedia—were used frequently for the purposes of medical
education (figure 1B). A small percentage reported
frequent usage of UpToDate at baseline.

All users who completed the enrolment survey had
an individual UpToDate account created for them and
received an email with instructions on how to set up their
UpToDate password. Of those who activated their UpTo-
Date account, 76% of faculty and 64% of students viewed,
on average, at least one UpToDate topic per week; 13%
of faculty and 23% of students viewed, on average, one
topic or more per day. In a multivariate linear regres-
sion looking at variables associated with UpToDate
usage frequency, student year at enrolment was the only
significantly associated variable (table 1). Figure 2 shows
average UpToDate usage by year of student at enrolment.

One year after enrolment, 52% of students completed
the annual evaluation; 74% of Doc4 students did so. The
low response rates could be attributed to lack of posi-
tive incentives to complete the survey or to students not
checking their email to see that the evaluation survey
was due. Both graduates, who had enrolled in the study
as Doc4 students, and continuing students reported
increased usage of UpToDate. Continuing students
also reported decreased use of Google and Wikipedia
(figure 3).

To assess the effect of providing UpToDate to students
on their educational performance, we plotted the average
grades of each graduating class from 2012 to 2017 (599
students in total) and compared the pre-UpToDate
period (2012-2015; average grade 68) to the post-UpTo-
Date period (2016-2017; average grade 75) (figure 4).
Both a simple t-test as well as a two-way ANOVA showed
a statistically significant difference (table 2). In 2017, a
student who scored 68 would have ranked at the 16th
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Figure 3 Changes in the usage of electronic resources. Figures show the percentage of respondents who reported using a
particular resource ‘almost every day’ at enrolment and 1 year later at the time of annual evaluation. Shading added to highlight
responses for UpToDate. (A) Responses of UR users who had graduated at the time of annual evaluation and were practising
physicians. (B) Responses of UR clinical students (Doc1 at the time of enrolment) who were still in school at the time of annual
evaluation. n=62 UR graduates, and 66 UR students. UR, University of Rwanda.
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Figure 4 Impact of EBCR provision on class exam performance at UR. (A) The average grades of graduating Doc4 students
over time. Each dot represents one student and shows the average of their grades in the following eight exams: written and
clinical exams in internal medicine, paediatrics, obstetrics and gynaecology and surgery. (B) The average grades of students
pre-UpToDate (UTD) (2012-2015) and post-UpToDate (2016-2017). The p value represents a two-sided heteroscedastic t-test.
The error bars represent standard error of the mean. EBCR, evidence-based clinical resource.
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Table 2 Two-way ANOVA with average Doc4 grade as
dependent variable

Independent variable Partial SS P value
UpToDate offered * 4197 <107
Year of exam 6196 <107

The table shows a two-way ANOVA test with average Doc4 grade
as dependent variable and year of exam and UpToDate provision
as independent variables. n=599 Doc4 students over 6 years.
*UpToDate offered was set to 0 for 2012-2015 and 1 for 2016—-
2017.

ANOVA, analysis of variance; SS, sum of squares.

percentile of the class, while a student scoring 75 would
have ranked at the 66th percentile.

We used remote tracking to assess Doc4 student usage
over time and found that it spiked in May 2016, as students
prepared for their graduation exams in June. Usage fell
significantly during summer vacation, but rose again in
September and October, as the new graduates began their
careers as physicians, either in residency or independent
practice. A similar pattern of usage over time was seen
among faculty (figure 5).

DISCUSSION

Our findings represent the first prospective cohort study
of medical students in Africa and suggest that access to
devices and the internet might not be a significant barrier
for African medical students wishing to access online
resources. Our findings align with observations from a
2016 study in Zimbabwe and contrast two earlier studies

8

in Nigeria published in 2004 and 2008 that suggest lack
of access to internet.”** The differences might be related
to the passage of time or resource availability differences
between Rwanda and Nigeria. The findings suggest that, in
Rwanda, our focus should not be on securing devices but
on securing access to the latest online tools and evidence.

Our study also shows that students, especially final year
students, used a leading EBCR frequently when the cost
barrier was removed. This was achieved with no provision of
internet-capable devices, no subsidising of mobile internet
data, no dedicated training activities on EBCR use or
evidence searching and no curricular integration of EBCRs.
Overall, our findings suggest that removing the subscrip-
tion cost barrier to access of EBCRs can generate uptake
among a subset of medical students in East Africa. The low
uptake of UpToDate by preclinical UR students could be
related to the basic science focus of their curriculum, which
makes UpToDate’s clinical content less relevant.

The introduction of an EBCR during the last year of
medical school may lead to habit formation. Among
students receiving an EBCR subscription in their final year,
usage was sustained for the one and a half year period moni-
tored after graduation. Additionally, self-reported usage of
non-validated sources such as Google and Wikipedia fell
among students within a year of UpToDate provision. In
2013, Gawande argued that habit change and formation
in healthcare is a complex process that can often take
decades.”” He also argued that some habits form quickly
and that those might be the ones that make a physician’s
workflow faster and more efficient. Our study suggests that
UpToDate may fall into this category of tools and habits
that facilitate faster, more efficient work.

[;JJBRl Preparation period for
= final Doc4 exams Doc4 graduates begin their
= careers as physicians
o 4
)
2
- 40 -
]
2
o
S 30 A
(7]
(%)
‘S Sumn_1er
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@m=»Doc 4

Figure 5 EBCR utilisation over time by UR students and faculty. Lines show the average number of topics viewed per user per
month by each user group. Only users who enrolled before 01 March 16 are included in this analysis (n=185faculty, 70 Doc4
students). Call-outs are added to describe events in the careers of Doc4 students.
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The temporal association of free access to UpToDate with
an improvement of the overall examination performance
of the graduating class may be causal or due to another
explanation, as discussed below. It is consistent, however,
with previous reports of associations between UpToDate
usage and performance in exams by residents in the US
and Japan and practising physicians in the US.

Limitations

Our study is subject to selection bias, given its observational
nature. It is possible that students with regular access to
email were more likely to respond to our email-based invita-
tion, thus biassing the response set, especially with respect
to the use of electronic resources and internet access. The
high enrolment rate among Doc4 students mitigates this
effect to some extent.

The use of a historical control to assess the impact of
UpToDate’s introduction on student grades also has several
limitations. First, no causal arguments can be made, given
the fact that different exams were used each year and
different students took them. While UpToDate may have
helped students prepare for their exams more efficiently
and increase their knowledge base, it is also possible that
the exams in 2016 and 2017 were easier than those of years
past or that the students were independently academically
superior to the previous classes. The cause of the overall
increase in student scores before UpToDate was intro-
duced is unclear and could be related to changes in educa-
tional methods or examinations, although we do not have
evidence for either of those. In addition, the reason for the
decline of students’ scores from 2016 to 2017 is unknown
and could be statistically random or indicative of a trend.
Further follow-up will be required to answer this question.

Second, it is possible that test answers may not be
contained/addressed in UpToDate, although the UR
faculty among the authors of this paper do not believe that
to be the case.

Next steps

Due to its longitudinal nature, this study has the poten-
tial to offer additional insights on the changes in learning
behaviours of African health trainees over time. Qualita-
tive research on this student cohort could help elucidate
the drivers of different study behaviours and the perceived
impact of resources such as UpToDate on clinicians' knowl-
edge base and self-efficacy.

Future research might explore other EBCRs and features
that impact uptake and utility. We focused on UpToDate
because of the body of literature that supports its value in
high-income countries. However, we hypothesise that a suite
of EBCRs and learning tools, possibly in multiple languages,
might be helpful for trainees in LMICs. Given the relatively
easy scalability of software-based tools, we believe that we
can continue to decrease the barriers for trainees in LMICs
to access the best available evidence at the frontline of care
delivery. Our vision is that this work can prepare and inform
how the next generation of clinicians in LMICs practices
evidence-based medicine. Although our research focused

on LMIGs, disparities in access to high-quality EBCRs might
exist within US medical education as well, which can also be
an area of future research and programming. As medicine
continues to evolve rapidly and medical education shifts its
focus from memorisation to critical processing of informa-
tion, we must ensure that all learners have equitable access
to the best information available.
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