
1Rosenberg J, et al. BMJ Open 2022;12:e064952. doi:10.1136/bmjopen-2022-064952

Open access 

Barriers and facilitators to use of a 
digital clinical decision support tool: a 
cohort study combining clickstream and 
survey data

Julie Rosenberg    ,1,2 Kate Miller,1 Olivia Pickard,1 Natalie Henrich,1 Ami Karlage,1 
Rebecca Weintraub1,2,3

To cite: Rosenberg J, Miller K, 
Pickard O, et al.  Barriers 
and facilitators to use of 
a digital clinical decision 
support tool: a cohort study 
combining clickstream and 
survey data. BMJ Open 
2022;12:e064952. doi:10.1136/
bmjopen-2022-064952

 ► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://dx.doi.org/10.1136/ 
bmjopen-2022-064952).

Received 25 May 2022
Accepted 27 October 2022

1Ariadne Labs, Harvard T.H. 
Chan School of Public Health 
and Brigham and Women's 
Hospital, Boston, MA, USA
2Division of Global Health Equity, 
Brigham and Women's Hospital, 
Boston, MA, USA
3Global Health and Social 
Medicine, Harvard Medical 
School, Boston, MA, USA

Correspondence to
Julie Rosenberg;  
 jrosenberg@ ariadnelabs. org

Original research

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives This research aimed to understand the 
barriers and facilitators clinicians face in using a digital 
clinical decision support tool—UpToDate—around the 
globe.
Design We used a mixed- methods cohort study design 
that enrolled 1681 clinicians (physicians, surgeons or 
physician assistants) who applied for free access to 
UpToDate through our established donation programme 
during a 9- week study enrolment period. Eligibility 
included working outside of the USA for a limited- resource 
public or non- profit health facility, serving vulnerable 
populations, having at least intermittent internet access, 
completing the application in English; and not being 
otherwise able to afford the subscription.
Intervention After consenting to study participation, 
clinicians received a 1- year subscription to UpToDate. 
They completed a series of surveys over the year, and we 
collected clickstream data tracking their use of the tool.
Primary and secondary outcome measures (1) The 
variation in use by demographic; (2) the prevalence of 
barriers and facilitators of use; and (3) the relationship 
between barriers, facilitators and use.
Results Of 1681 study enrollees, 69% were men 
and 71% were between 25 and 35 years old, with the 
plurality practicing general medicine and the majority in 
sub- Saharan Africa or Southeast Asia. Of the 11 barriers 
we assessed, fitting the tool into the workflow was a 
statistically significant barrier, making clinicians 50% 
less likely to use it. Of the 10 facilitators we assessed, a 
supportive professional context and utility were significant 
drivers of use.
Conclusions There are several clear barriers and 
facilitators to promoting the use of digital clinical decision 
support tools in practice. We recommend tools like 
UpToDate be implemented with complementary services. 
These include generating a supportive professional 
context, helping clinicians realise the tools’ use and 
working with health systems to better integrate digital, 
clinical decision support tools into workflows.

BACKGROUND
Diagnostic and treatment errors account for 
a significant amount of harm across high- 
income, middle- income and low- income 

settings and represent a serious public health 
problem. Most people will likely experience a 
diagnostic error in their lifetime.1 In a high- 
income country in an outpatient setting, one 
study found that 5% of the adults experienced 
diagnostic errors each year. Over half of these 
errors had the potential for severe harm. The 
researchers suggested that their findings were 
likely an underestimate and that the rate of 
diagnostic errors in low- income countries 
may be much higher. Other studies analysing 
mortality data from autopsies have shown 
that 10–15% of the deaths are due to missed 
diagnoses.2 Even in cases that are ultimately 
correctly diagnosed and treated, errors 
leading to delay may result in poor quality of 
care, patient safety risks, increased costs and, 
in some cases, malpractice litigation.3

Diagnostic and treatment errors can 
happen at any point in the care process, 
including initial assessment, performing and 
interpreting diagnostic tests, determining 
treatment, follow- up visits and tracking. These 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study combines surveys with clickstream data 
from the digital tool—data that clinicians directly 
generate in using the tool—which provides precise 
and robust data.

 ⇒ We only included clinicians who applied and met 
criteria for a donated subscription; this included 
those who were able to complete the application in 
English and those working in limited- resource set-
tings, limiting generalisability.

 ⇒ Due to time and resource constraints, we could not 
measure all components of the logic model we built 
relating the use of UpToDate to patient outcomes.

 ⇒ While we hypothesised that access to UpToDate can 
improve clinicians’ sense of self- efficacy, the psy-
chometrics of the self- efficacy scale we instituted 
did not function properly in this study and resulted 
in null results.
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errors involve the failure to provide a timely, accurate 
determination of a patient’s health condition or treat-
ment option and/or to communicate necessary, accurate, 
timely information to a patient.4 They represent missed 
opportunities to provide quality, effective care based on 
the best available clinical evidence.

More than half of the cases of diagnostic error are due 
to cognitive errors. Frontline healthcare workers face a 
demanding cognitive load. They need to keep up with new 
evidence and incorporate it into care decisions; more than 
950 000 new publications are indexed in MEDLINE every 
year.5 The COVID- 19 pandemic has further increased the 
speed and volume of clinical evidence, exacerbating the 
challenges.6

Health information technology or digital tools used at 
the point of care—clinical decision support tools—can 
reduce diagnostic errors. In 2019, the WHO acknowl-
edged digital tools as important levers for ensuring 
effective, high- quality, equitable care.7 They can support 
clinicians’ decision- making, enabling quick, better 
informed decisions that lead to better health outcomes.8 
Such tools include computerised alerts or reminders; clin-
ical guidelines; focused patient data reports and analyses 
and contextually- relevant reference information, among 
other offerings.8

Clinical decision support tools like Merck Manuals, 
epocrates, UpToDate, DynaMed and VisualDx are appli-
cations and websites that bring the most recent medical 
evidence to the clinician at the bedside. Editors working 
behind the scenes review scientific literature and inte-
grate it into relevant clinical guidance. At UpToDate, for 
example, more than 7400 subject matter experts review 
emerging research related to their topic areas and update 
the tool’s guidance as relevant to make sure clinicians 
can easily access the most current evidence when caring 
for patients. Clinical decision support tools can suggest 
key follow- up questions or tests to consider, support in 
weighing diagnostic probabilities, show visual images to 
help with identification of disease or rashes and more. 
Previous research has demonstrated a positive connec-
tion between evidence- based clinical decision support 
tools and clinician capacity; the use of UpToDate, for 
example, was shown to increase performance on stan-
dardised examinations among US clinicians5 and, most 
importantly, to reduce risk- adjusted mortality rates at 
non- teaching hospitals.6

Despite these proven benefits, uptake and use of 
digital tools among clinicians around the globe remain 
inconsistent.9–11 In fact, the World Medical Association 
recently acknowledged that lack of access to timely, 
current, evidence- based healthcare information—which 
such digital tools can provide—is a major contributor to 
morbidity and mortality in resource- limited settings.12 
For some, the cost of a subscription, which can be up to 
US$580 for an individual, limits access.

In 2009, we started a programme that removed the cost 
barrier by offering free access to UpToDate for clinicians 
serving vulnerable communities at resource- limited health 

facilities, with the goal of improving patient outcomes 
and health equity. Eliminating the UpToDate subscrip-
tion cost led to increased use of the tool; however, we 
observed wide discrepancies in use patterns, suggesting 
that other barriers to use persisted.13 To better leverage 
the potential impact of evidence- based clinical decision 
support tools in limited- resource settings, it is important 
to understand what factors affect their uptake and use.

Using data from a global sample of clinicians who 
received UpToDate subscriptions through our online 
donation programme, we conducted a mixed- methods 
cohort study. The general objective was to describe and 
explain the barriers and facilitators to use of the tool. 
Specifically, we aimed to describe:
1. The variation in UpToDate use by demographic char-

acteristics of users,
2. The prevalence of barriers to and facilitators of UpTo-

Date use in clinical practice, and
3. The relationship between barriers, facilitators and 

UpToDate use.
Study participants reported barriers and facilitators in 

repeated surveys over 1 year, and actual use of the tool 
was measured through clickstream data gathered from 
Wolters Kluwer/UpToDate.

METHODS
Study sample
All clinicians who went to the online donation programme 
during our 9- week enrolment period (1 March 2018 to 
4 May 2018) were invited to participate in and consent 
to the study electronically before applying. Informed 
consent covered the collection of the application, survey 
and clickstream data. Eligibility criteria for the dona-
tion programme included being a physician, surgeon 
or physician assistant outside of the USA; working for 
a public or non- profit limited- resource health facility; 
having at least intermittent internet access; being able 
to complete the application in English; attesting they are 
serving vulnerable populations (patients with limited- 
resources); and attesting they are not otherwise able to 
afford the subscription. Team members looked up health 
facilities and verified consistency in application informa-
tion to confirm eligibility . Recruitment for the donation 
programme relies primarily on word of mouth and occa-
sional communications to beneficiaries suggesting they 
invite their colleagues to join. No additional recruitment 
efforts were undertaken for study purposes (application 
is available at www.better-evidence.org). The decision to 
limit participation to those able to complete the applica-
tion in English stems from the fact that the content within 
UpToDate is only available in English. We acknowledge 
that language is a barrier to access and did not feel it was 
necessary to test this hypothesis at that time.

Patient and public involvement
No patients were involved.
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Logic model
We built a logic model detailing how access to UpToDate 
could eventually affect patient outcomes (figure 1). In 
this model, the inputs were the donation itself and tech-
nical supports such as a functioning internet connection. 
These enabled users to login to UpToDate and learn about 
it through the included orientation materials. These 
activities would then enable several short- term outcomes, 
including actual use of UpToDate, ability to navigate the 
tool and perceived utility of the tool in practice. Medium- 
term outcomes included increased medical knowledge, 
integration of that knowledge into practice and increased 
self- efficacy. In the longer- term, these elements could 
lead to faster and more accurate diagnoses and clin-
ical management, which would eventually translate to 
improved patient outcomes. This overall process would 
be facilitated by a professional context that supported the 
use of digital clinical decision support tools in practice.

Due to time and resource constraints, we could not 
measure all components of this logic model, but we 
measured several elements through two data streams: 
surveys and clickstream data.

Surveys
The survey included demographic, quantitative and open- 
text response fields. We captured respondents’ gender, 
age, years of experience, country of practice, urban/rural 
setting, patient load per week and employment type (full- 
time paid vs other).

We developed survey questions based on seven factors 
in the logic model downstream of the inputs as delin-
eated in table 1 (see online supplemental materials for 
survey questions).

Factors 1–3 were measured as barriers to use. Factors 
4–6 were measured as facilitators of use. Four types of 
clinical decisions were covered in the survey: treatments, 
diagnoses, devices and procedures. We measured Factor 
7, a sense of self- efficacy, with the 8- item New General 
Self- Efficacy scale.14 We added a contextualising frame at 
the start of the scale: ‘When providing clinical care, how 
true are the following statements for you?’

Twelve prior donation recipients from three continents, 
ranging in age from 25 to 65, provided feedback on the 
survey’s clarity, wording, response options and accept-
ability. The survey was shortened, language was updated 
and feedback was incorporated after several reviews and 
circulated to remaining reviewers for further review and 
refinement.

We integrated the baseline survey and the UpToDate 
donation application. Following the application approval, 
survey links were then triggered to be sent by email for 
the 2- month survey (sent 60 days after approval), 4- month 
survey (120 days after), 6- month survey (180 days after) 
and 12- month final survey (350 days after). We excluded 
survey answers that were completed more than 30 days 
after the survey link was sent.

The baseline, 6- month and 12- month surveys covered 
all topics; to reduce respondent burden, the 2- month and 
4- month surveys only measured self- efficacy and barriers 
to use. Participants automatically received a 6- month 
subscription extension for completing the 6- month 
survey and another 6- month extension for completing 
the 12- month survey. In addition, those completing the 
12- month survey were entered into a drawing for 10 
prizes of US$100. The survey was built and administered 
in REDCap (Research Electronic Data Capture).15

Clickstream data
We measured the actual use of UpToDate (purple box in 
figure 1) through the tool’s clickstream data, a machine- 
generated record of each click from every user. The 
records identified which pages users visited and when, 
starting from the day the subscription link was sent out 
for 365 days, across all mobile and desktop applications 
as well as during offline use.

We linked the survey data to the clickstream data 
through a unique identifier. We qualified online use in 
two ways: first, we created a binary indicator of whether 
a user ever logged on through the donated link, called 
‘ever- users’ and, second, we calculated the total amount 
of time ever- users spent using UpToDate over the year-
long study period. We estimated the length of specific 
user sessions as a function of (1) the time between clicks, 
(2) the content or function clicked on and (3) overall 
estimates of the amount of time spent reading content, 
navigating the site and managing user accounts. These 
methods have been detailed elsewhere.16

Quantitative analysis
We grouped countries into the six geographical regions 
used by the WHO. We determined the total number of 
donees in each respondent’s country using historical 
administrative data from the donation programme. We 
reported the per cent distributions of all demographic 
characteristics of the study sample. We collapsed 34 cate-
gories of specialties into eight groups (see online supple-
mental appendix A).

We then calculated the per cent of each demographic 
subgroup who were ever- users, and among them, the 

Figure 1 Logic model showing how UpToDate use among 
clinicians can impact patient outcomes. UTD, UpToDate.
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median number of hours they spent using the tool over 
the year. We used median hours instead of means due to 
a highly logged distribution. We presented the propor-
tion of users who experienced each barrier or facilitator 
once they had the subscription, at the 2- month, 4- month, 
6- month or 12- month mark.

Next, we modelled the relationship between barriers, 
facilitators and use of the tool. The first set of regression 
models predicted the use of the tool around the time of 
the survey. For each user, we first identified the date they 
completed the 2- month, 4- month, 6- month or 12- month 
survey, and summed up the amount of time they spent 
using the tool in the 2 weeks around that date (7 days 
before to 7 days after), using the clickstream data. We fit 
21 statistical models, 1 for each barrier or facilitator we 
measured, of the form:

 Yim = β0 + β1m + β2BFim + βx[X]i + ϵ  

Where: β0=intercept.
Yi=any use of the tool by subject i in the 2 weeks around 

survey month m (binary).

m=month of survey (encoded as a continuous variable 
with values 2, 4, 6 and 12).

BFim=presence of barrier or facilitator for subject i at 
survey month m (binary).

Χi=vector of demographic characteristics for subject i.
These 21 generalised linear models used a binary link 

function to the outcome and accounted for repeated 
measures over each subject.

The second set of models included only ever- users of 
the tool and predicted the minutes spent using the tool 
around the time that a barrier or facilitator was reported 
to be present. Like the first set of models, these accounted 
for repeated measures over subjects. The dependent 
variable—the minutes of use around each survey—was 
logged to bring its distribution closer to normality, and 
no link function was applied.

To select demographic variables to include in the 
model, we tested each variable for the strength of its rela-
tionship to both outcomes and for collinearity with other 
demographic variables. This process identified three 

Table 1 Barriers and facilitators measured in surveys

Factor Measure Surveyed at months

Barriers

  (1) Access to the tool Having a device 2, 4, 6, 12

Access to internet 2, 4, 6, 12

Cost of data plan 2, 4, 6, 12

Ability to download the tool 2, 4, 6

Slow internet speed 6, 12

  (2) Ability to navigate the tool Knowing what is available 6, 12

Finding the information I need 2, 4, 6, 12

  (3) Integration of the tool’s 
information into practice

Having what I need to apply the information 2, 4, 6, 12

Understanding the medical content 2, 4, 6, 12

Lack of time 2, 4

Difficult to fit into work flow 6, 12

Facilitators

  (4) Orientation materials Accessed orientation materials 6, 12

  (5) Use of the tool in practice Compared with before had the tool, able to find answers 
more often about:

6, 12

  Diagnosis

  Treatment

  Procedure

  Device

  (6) Professional context Clinician level: 6, 12

  Most clinical colleagues use the tool

  Typical provider views tool use positively

  Use the tool in front of other clinicians

Patient level: 6, 12

  Typical patient views tool use positively

  Use the tool in front of patients
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controls to include in the model: age category, specialty 
and the total number of UpToDate donation recipients 
in the user’s country. In order to constrain the risks of 
multiple testing over the full set of (42) models, we set the 
alpha level for each coefficient at 0.0012, which is the stan-
dard alpha of 0.05 divided by 42. In line with this alpha 
threshold, we present 99.9% CIs. All analyses were done 
in SAS V.9.4 (Cary, North Carolina, USA: SAS Institute).

Qualitative analysis
We imported the free- text responses from the surveys 
into NVivo V.12 (QSR International) for coding and 
analysis. The coding scheme included high- level themes 
developed deductively from the research questions and 
subthemes developed inductively based on the content of 
the responses. Responses tended to be brief, containing a 
single idea closely aligned with the theme, so codes were 
applied with little need for interpretation or subjectivity. 
We included a sample of 250 surveys for analysis, choosing 
at random from across the spectrum of tool use. Because 
of the nature of the responses, one person coded all the 
responses for consistency under supervision.

RESULTS
We had 1681 study enrollees and collected baseline data 
on all. Follow- up survey response rates were 67% at month 
2, 60% at month 4, 54% at month 6 and 58% at month 12. 
Eighteen per cent of the respondents answered all four 
follow- up surveys, and 36% answered none. Based on the 
clickstream data, 249 (15%) of the enrollees never used 
the tool at all; although, 245 (98%) of these did respond 
to at least one follow- up survey.

Demographic characteristics
The vast majority (69%) of study enrollees were men, and 
most respondents (71%) were between 25 and 35 years 
old. As is typical, years of experience was highly correlated 
with age, and most respondents (55%) had four or fewer 
years of experience. Many subjects (42%) were general 
practitioners, with 22% in a medical subspecialty. Surgery, 
paediatrics and other specialties each had under 10% of 
respondents. Nearly two- thirds of the sample (61%) was 
in full- time paid work. Patient load fell into rough quar-
tiles: 20% saw under 50 patients per week, 25% saw 50–99 
patients, 29% saw 100–199 patients and the remaining 
26% saw 200 or more patients. Most subjects (57%) were 
in urban settings, with 26% in rural settings, and the 
remainder in mixed areas (figure 2).

Two- thirds of our sample came from countries with 
200 or more other donation recipients. A quarter of the 
respondents came from countries with 50–199 donation 
recipients, and the remaining 9%, from countries with 
only 1–49 other donation recipients. Eighteen study 
participants were the first and sole donation recipients 
in their entire country. Finally, the study sample included 
clinicians from all six geographic regions, mainly from 
Southeast Asia (35%) and sub- Saharan Africa (33%).

Variation in use by demographic characteristics
While 85% of the sample used the tool at least once, per 
cent of ever- users ranged from 77% to 89% depending on 
the demographic group (figure 2).

Among ever- users of the tool (N=1432), median time 
spent with the tool was 5.0 hours over the course of the 
study year. However, time varied strongly by some demo-
graphic groups (figure 2). Variation by specialty was 
marked, ranging from 1.9 hours for surgical subspecialists 
to 7.3 hours for medical practitioners. Similarly, variation 
by geographical region was large, from 3.3 hours in Sub- 
Saharan Africa to 7.2 hours in Europe.

As for age, the middle age group (25–35 years) used 
the tool for 5.8 median hours, while the younger users 
(under 25) used it for 4.2 hours, and the older users (over 
age 35) used it for 3.2 hours. The lower use among older 
users was also reflected in the results by years of experi-
ence: those with seven or more years of experience used 
the tool for less time than others (3.9 hours vs 5.4 or more 
hours).

Those with the highest patient load (200 or more 
patients per week) used the tool for comparatively longer 
over the year, 6.2 median hours, compared with the 
median across other groups, 4.5 to 4.8 hours. Users in 
countries with many donation recipients (200 or more) 

Figure 2 Population demographics and use of the tool. 
Med., medical; OB/GYN, obstetrics and gynaecology; Surg., 
surgical; SE Asia, Southeast Asia; SS Africa, sub- Saharan 
Africa; W Pacific, Western Pacific.
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used the tool for 5.6 median hours over the year, while 
those from countries with fewer than 200 recipients used 
it less, for 3.8 to 4.0 median hours. There was very little 
variation in median hours of use by gender, employment 
type or urban/rural setting.

Prevalence of barriers and facilitators to use of UpToDate in 
clinical practice
The least common technical barrier (figure 3, Factor 1) 
was lack of a device (6% or less at all time points), and the 
most common barrier was slow internet speed (reported 
by about 33% of users at months 6 and 12). The per cent 
of users reporting difficulties with access to the internet 
declined over time, from 31% at month 2 to 16% at 
month 12 (figure 3, Factor 1).

Few users reported barriers to navigating the tool 
(figure 3, Factor 2). In each follow- up survey in which 
these questions were asked, 9% or fewer respondents 
reported that they faced barriers either in knowing what 
was available or in finding the information they needed 
in the tool.

Fewer than 20% of users at any time point faced the 
barriers of lack of time, understanding the medical 
content or finding it difficult to fit into their workflow. 
One clinician mentioned in a free- text response, ‘Even 
though I don’t speak English fluently, I can understand 
easily because the terms they use are not complicated…
it’s very easy when you want to find out something…you 
get it quickly’. However, enrollees also explained work-
flow concerns: ‘Patient flow is way too high. So I don’t get 
time to open UpToDate at that time…’ and ‘[It’s] tough 
opening UpToDate and checking patients in a crowded 
and hurr[ied] situation’. Regarding having what was 
needed to apply the information learnt from the tool in 
practice, the percentage of users reporting this barrier 
rose from 13% at month 2 to 32% at month 12 (figure 3, 
Factor 3).

As for facilitators, approximately 40% of the respon-
dents at months 6 and 12 reported that they had ever 

referred to the orientation materials (figure 3, Factor 
4). The utility of the tool in practice, measured as the 
percentage of users who reported being able to find 
answers to questions more readily as compared with 
before they had the tool, was stable across months 6 and 
12: 47% of respondents were better able to find answers 
to treatment questions, 43% to find answers to diagnostic 
questions, 34% to procedure questions and 33% to device 
questions (figure 3, Factor 5). Clinicians shared examples 
of using the tool:

Let me exemplify a case of pneumothorax. There was 
a lot of debate regarding the tube thoracostomy. One 
of the residents read out the contents of UpToDate, 
and thence the tube thoracostomy was planned.

I have been using UpToDate to make management 
plans for my patients and to optimize their care. 
Whenever I am having a problem getting a diagnosis 
for a patient, I go to UpToDate and read around the 
topic.

The professional context results were fairly consistent 
across months 6 and 12. Approximately 80% of the 
respondents reported that clinicians typically viewed the 
use of a digital tool like UpToDate positively, and roughly 
70% said that most of their clinical colleagues used such 
tools. About 65% reported using the tools often or very 
often in front of other clinicians (figure 3, Factor 6). 
Open text answers related to this factor include responses 
such as ‘Seniors [attendings] recommend it’ and ‘It is 
commonly known and most colleagues use it’. One clini-
cian explained, ‘I came to know about the subscription of 
UpToDate through my colleague. There was an incident 
when I was working late night duty. I was confused about 
the latest recommendation, and my colleague helped me 
with the help of UpToDate’.

Clinicians did not feel patients were as supportive of tool 
use. Only 30% of the subjects reported that they believed 
their typical patient viewed the use of a tool like UpTo-
Date during care positively, and about a quarter used the 
tool often or very often in front of patients during clinical 
care (figure 3, Factor 6).

Self-efficacy
The self- efficacy results were problematic, including 
ceiling effects and evidence of straightlining (24% of all 
administrations of the scale had the same response for all 
eight questions). Moreover, we found almost no group- 
level variation where it might be expected: across age, 
years of experience, specialty, geographical region or any 
other demographic group. Self- efficacy scores showed 
no consistent or notable increase or decrease over time, 
either on the group level or the individual level. By 
comparison, other survey questions did exhibit these 
basic features of item validity and functioning. Given it 
is implausible that the self- efficacy of all clinicians was 
identical and unchanging, we concluded that the psycho-
metrics of the self- efficacy scale did not function properly 

Figure 3 Per cent of users reporting presence of each 
barrier or facilitator by survey month.
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in this study. For this reason, we dropped self- efficacy 
(Factor 7) from our presentation of results.

Relationship between barriers, facilitators and UpToDate use
Results of the statistical models are presented in figure 4. 
Panel A shows the estimated ORs of using the tool 
around the time when a barrier or facilitator was present 
compared with when it was not present, adjusted for 
age, specialty and number of donation recipients in the 
subject’s country. For the 11 barriers, most estimates were 
less than 1, suggesting that the odds of using the tool 
were lower when the barrier was present. However, only 
one of these relationships rose to statistical significance 
under the multiplicity adjusted alpha threshold: when 
clinicians reported that it was difficult to fit the tool into 
their workflow, they were 42% less likely to use it (OR 
0.56, p=0.0003).

For facilitators, most ORs were near or above 1, 
suggesting that the odds of using the tool may have been 
higher when the facilitator was present. Of the 10 facili-
tators, two were statistically significant. First, users were 
1.5 times more likely to log on if they reported that using 
UpToDate increased their ability to find answers to their 
clinical questions about treatments (OR 1.5, p=0.0001). 
Second, users were 1.7 times more likely to log on to the 
tool if their professional context supported using the tool 
in front of other clinicians (OR 1.7, p<0.0001).

Panel B shows the estimated ratio of minutes using the 
tool around the time that the barrier or facilitator was 
present. For the 11 barriers, none of these coefficients 
was statistically significant, although most were below 1, 
which was in the expected direction. Among the 10 facil-
itators, most were above 1, suggesting longer use of the 
tool at the time that the facilitator was present. One coef-
ficient reached statistical significance: when users felt that 
they could more easily find answers to questions about 
diagnoses, they spent 1.4 times as many minutes using the 
tool, compared with when they did not feel they could 
answer more questions (ratio of minutes 1.4, p=0.0004).

DISCUSSION
Our results drew attention to three factors relating to 
clinicians’ uptake and usage of UpToDate. The first 
factor (Factor 3) highlighted the ability to integrate the 
digital tool into practice. Of statistical significance, when 
clinicians reported difficulty fitting the tool into their 
daily workflow, they were only about half as likely to log 
on to the tool as when they did not face that difficulty. 
Although under 20% of the clinicians reported lack of 
time, difficulty fitting the tool into their workflow or 
problems understanding the medical content, and not 
all had statistically significant findings, clinicians who 
faced such barriers did appear to use the tool less. Inter-
estingly, over the study year, the prevalence of not having 
what was needed to apply the information in UpToDate 
(Factor 3) rose from 14% to 33%. This increase over time 
could demonstrate decreasing resource levels for clini-
cians or clinicians’ increased knowledge of the resources 
they lack. In other words, clinicians may have been more 
aware than previously of newer supplies and tests that 
were unavailable to them after a year of using UpToDate. 
Regardless, the presence of this barrier did not deter use: 
it was not associated with how likely users were to log in 
to UpToDate nor the number of minutes they spent using 
the tool.

Second, the facilitator of perceived utility of the tool 
(Factor 5) seemed to matter for uptake. For example, 
the percentage of subjects reporting an improved ability 
to find answers to questions about treatments and diag-
noses (as compared with before having access to the tool) 
was consistently above 40%. Moreover, though not all 
correlations were statistically significant at the multiplicity 
adjusted threshold, donees recognising the tool’s utility 
for treatment and diagnostic decision- making were more 
likely to log in to the tool and spent more minutes on 
the tool than those who did not report increased ability 
to find answers with the tool. In other words, positive 
perceptions of the tool’s utility for diagnoses and treat-
ment correlated with more use of the tool.

Third, a positive professional context (Factor 6) also 
seemed to facilitate tool use. Measures of professional 
context (the belief that colleagues viewed the use of the 
tool positively, most clinical colleagues used the tool and 
used the tool in front of other clinicians) were all consis-
tently reported by more than 60% of the participants. 
When subjects reported feeling comfortable using the tool 
in front of other clinicians, they were approximately 70% 
more likely to log in (statistically significant) and spent 
30% more minutes on the tool (not statistically significant 
at multiplicity- adjusted threshold). Study participants in 
countries with 200 or more donation recipients used 
the tool for longer over the year compared with those in 
countries with fewer donation recipients. A professional 
context in which more clinicians had access to the tool 
and felt comfortable using it in front of other clinicians 
was associated with more use of the tool.

Other barriers and facilitators we tested did not 
show these kinds of relationships. For example, facing 

Figure 4 Relationship between barriers, facilitators and use 
of the tool around the time of the survey. UTD, UpToDate.
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technical access barriers did not significantly change the 
odds of using the tool or of the amount of time spent 
using it. This result may seem counterintuitive but likely 
points toward the determination of these motivated users. 
For example, at months 2 and 4, about one- third of the 
users reported that access to the internet was a barrier for 
them, but this proportion fell to about 20% at months 6 
and 12, and limited access to the internet was not related 
to the likelihood of logging on or how long was spent 
using the tool. This could have resulted from differen-
tial dropout—those with worse internet access stopped 
responding to surveys—or the users may have learnt how 
to download and use the tool offline or secured better 
internet connections. These technical considerations 
were not the barriers to use that we might have expected. 
Similarly, users did not report high levels of difficulty navi-
gating the tool or finding information on it. About 40% 
of the clinicians reported using the orientation materials, 
but reading those materials was not a significant facili-
tator of tool use.

One final factor related to usage was age. Only 7% of 
the study participants were in the youngest age group 
(<25), likely due to the fact that most people do not start 
practicing medicine until later. Those aged 25–29 repre-
sented 42% of all applicants, and, along with those aged 
30–34, used the tool more than the oldest participants 
(aged 35+). This suggests there is a stronger interest in 
technology among the newest generation of clinicians 
and provides hope that uptake and use of digital clinical 
decision support tools may increase with time.

Our study had several limitations. First, while our 
sample of clinicians was large and diverse, it was non- 
representative across countries and types of clinicians; 
we accepted all clinicians who applied and met eligibility 
criteria for the donation programme during the study 
period. Eligibility criteria required that clinicians be able 
to complete the application in English and be working 
in a limited- resource setting. The sample included only 
clinicians motivated to apply to the programme, who 
self- selected to try to improve their practice, making it 
non- representative of the general clinician population. 
Thus, external validity and the generalisability of our 
conclusions may be limited. Second, any of the factors we 
explored can be framed and measured as either barriers 
or facilitators; we measured some as barriers and others 
as facilitators, which may have impacted how participants 
answered the questions. Finally, we were able to integrate 
the baseline survey into our application process in order 
to not alter the application experience dramatically; 
however, other surveys may have influenced tool use 
by reminding users about the tool when they normally 
would receive no such reminder.

Globally, the healthcare workforce faces scarce time 
and attention, high demand for services, varied patient 
populations and ever- growing medical literature. As a 
result, clinicians must remember, apply and integrate a 
massive volume of information under difficult circum-
stances. Digital tools can help, but only if clinicians can 

and do use them in clinical care. We believe that the 
patterns suggested here can serve as the basis for further 
implementation work and research to better understand 
how to best reach diverse, both more and less motivated 
populations of clinicians.

CONCLUSION
This study can inform the implementation of digital clin-
ical decision support tools in the future. Findings suggest 
implementing the use of digital clinical decision support 
tools like UpToDate in cohorts of clinicians to generate 
supportive professional contexts, encouraging the use of 
such tools over time to increase exposure and help clini-
cians realise the utility of them and working with health 
systems to promote the use of clinical decision support 
tools in workflows to promote use.

There is great potential for digital tools to help ensure 
effective and high- quality care. By learning how to better 
facilitate use and minimise barriers among clinicians 
around the globe, we can take an important step toward 
more effective diagnostic and clinical management 
leading to better, more equitable health outcomes.

Twitter Julie Rosenberg @JDRMPH

Acknowledgements Thank you to Atul Gawande and Lisa Hirschhorn for helping 
shape and support the vision. Thanks to Becky Hawrusik for analytical support, to 
Iman Ahmad, Claire Donovan, Shreyas Sirinath, Anup Mankar, Robbie Singal and 
Davin Eurich for technical, implementation, and project management support. 
Thank you to all our survey reviewers for the feedback and improvements. Thanks 
to the UpToDate team for securing the in- kind donations and the clickstream data 
transfer.

Contributors JR conceived the design of the work, contributed to survey 
design and data collection, to data analysis and interpretation, to drafting and 
critical revision of the article and to final approval of the version to be published. 
KM contributed to the design of the work, survey design, data analysis and 
interpretation, drafting and critical revision of the article and final approval of 
the version to be published. OP contributed to data collection, data analysis and 
interpretation, and final approval of the version of the article to be published. NH 
contributed to survey design and data collection, to data analysis and interpretation, 
and to revision and approval of the final version of the article to be published. AK 
contributed to drafting the article, critical revision and final approval of the version 
to be published. RW conceived of the design of the work, contributed to survey 
design, to data analysis and interpretation, critical revision of the article, final 
approval of the version to be published and is responsible for the overall content as 
guarantor.

Funding This study was conducted with in- kind donations of UpToDate 
subscriptions from Wolters Kluwer. The publishing company provided no monetary 
support to the study and was not involved in data analysis or interpretation. Thank 
you to the Paul G. Allen Foundation, Patrick J. McGovern Family Foundation and the 
Horace W. Goldsmith Foundation for financial support. Award/grant number: N/A.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study received ethical approval from the Partners Human 
Research Committee (now called Mass General Brigham Institutional Review 
Board) under protocol 2018P001183. The Harvard T. H. Chan School of Public 
Health institutional review board ceded review to the Partners Human Research 
Committee. All participants provided informed consent. The informed consent 
addressed the collection of both the survey and clickstream data. Participants gave 
informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064952 on 21 N

ovem
ber 2022. D

ow
nloaded from

 

https://twitter.com/JDRMPH
http://bmjopen.bmj.com/


9Rosenberg J, et al. BMJ Open 2022;12:e064952. doi:10.1136/bmjopen-2022-064952

Open access

Data availability statement Data are available upon reasonable request. Data 
may be obtained from a third party and are not publicly available. Data were used 
under a data use agreement for the current study.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Julie Rosenberg http://orcid.org/0000-0003-0961-0692

REFERENCES
 1 Committee on Diagnostic Error in Health Care, Board on Health Care 

Services, Institute of Medicine. Improving diagnosis in health care. 
Washington, DC: National Academies Press (US), 2015.

 2 Graber ML, Franklin N, Gordon R. Diagnostic error in internal 
medicine. Arch Intern Med 2005;165:1493–9.

 3 Clairmont TP. Missed and delayed diagnoses in the ambulatory 
setting. Ann Intern Med 2007;146:469. author reply 470- 1.

 4 Singh H, Meyer AND, Thomas EJ. The frequency of diagnostic errors 
in outpatient care: estimations from three large observational studies 
involving us adult populations. BMJ Qual Saf 2014;23:727–31.

 5 National Library of Medicine. Citations added to Medline by fiscal 
year, 2020. Available: https://www-nlm-nih-gov.ezp-prod1.hul. 
harvard.edu/bsd/stats/cit_added.html [Accessed 16 Nov 2021].

 6 Liu A, Liu A. Letter to the editor: exponential increase in COVID- 19 
related publications compared to other pandemic diseases. Rambam 
Maimonides Med J 2021;12:e0009.

 7 WHO. Report of the consultation meeting on digital health 
interventions and health workforce capacity building. WHO, 2019.

 8 Liberati EG, Ruggiero F, Galuppo L, et al. What hinders the 
uptake of computerized decision support systems in hospitals? A 
qualitative study and framework for implementation. Implement Sci 
2017;12:113.

 9 Van Essen C, Mizero P, Kyamanywa P, et al. HINARI grows: one 
step closer to health information for all. Trop Med Int Health 
2014;19:825–7.

 10 Aronson B. Improving online access to medical information for low- 
income countries. N Engl J Med 2004;350:966–8.

 11 Rogers M, Darbyshire P. The EBP lockout. What clinicians need to 
put the "E" into EBP. J Clin Nurs 2019;28:3045–8.

 12 WMA General Assembly. Wma statement on healthcare information 
for all. world Medical association, 2019. Available: https://www.wma. 
net/policies-post/wma-statement-on-healthcare-information-for-all/ 
[Accessed 16 Nov 2021].

 13 Valtis YK, Rosenberg J, Bhandari S, et al. Evidence- based medicine 
for all: what we can learn from a programme providing free access 
to an online clinical resource to health workers in resource- limited 
settings. BMJ Glob Health 2016;1:e000041.

 14 Chen G, Gully SM, Eden D. Validation of a new general self- efficacy 
scale. Organ Res Methods 2001;4:62–83.

 15 Harris PA, Taylor R, Thielke R, et al. Research electronic data capture 
(REDCap)--a metadata- driven methodology and workflow process 
for providing translational research informatics support. J Biomed 
Inform 2009;42:377–81.

 16 Miller K, Rosenberg J, Pickard O, et al. Segmenting Clinicians’ 
Usage Patterns of a Digital Health Tool in Resource- Limited Settings: 
Clickstream Data Analysis and Survey Study. JMIR Form Res 
2022;6:e30320.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064952 on 21 N

ovem
ber 2022. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0961-0692
http://dx.doi.org/10.1001/archinte.165.13.1493
http://dx.doi.org/10.7326/0003-4819-146-6-200703200-00020
http://dx.doi.org/10.1136/bmjqs-2013-002627
https://www-nlm-nih-gov.ezp-prod1.hul.harvard.edu/bsd/stats/cit_added.html
https://www-nlm-nih-gov.ezp-prod1.hul.harvard.edu/bsd/stats/cit_added.html
http://dx.doi.org/10.5041/RMMJ.10424
http://dx.doi.org/10.5041/RMMJ.10424
http://dx.doi.org/10.1186/s13012-017-0644-2
http://dx.doi.org/10.1111/tmi.12310
http://dx.doi.org/10.1056/NEJMp048009
http://dx.doi.org/10.1111/jocn.14902
https://www.wma.net/policies-post/wma-statement-on-healthcare-information-for-all/
https://www.wma.net/policies-post/wma-statement-on-healthcare-information-for-all/
http://dx.doi.org/10.1136/bmjgh-2016-000041
http://dx.doi.org/10.1177/109442810141004
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.2196/30320
http://bmjopen.bmj.com/

	Barriers and facilitators to use of a digital clinical decision support tool: a cohort study combining clickstream and survey data
	Abstract
	Background
	Methods
	Study sample
	Patient and public involvement
	Logic model
	Surveys
	Clickstream data
	Quantitative analysis
	Qualitative analysis

	Results
	Demographic characteristics
	Variation in use by demographic characteristics
	Prevalence of barriers and facilitators to use of UpToDate in clinical practice
	Self-efficacy
	Relationship between barriers, facilitators and UpToDate use

	Discussion
	Conclusion
	References


