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Abstract

Background: Diabetes devices provide data for health care providers (HCPs) and people with type 1 diabetes to
make management decisions. Extracting and viewing the data require separate, proprietary software applica-
tions for each device. In this pilot study, we examined the feasibility of using a single software platform
(Tidepool) that integrates data from multiple devices.
Materials and Methods: Participating HCPs (n = 15) used the software with compatible devices in all patient
visits for 6 months. Samples of registration desk activity and office visits were observed before and after
introducing the software, and HCPs provided feedback by survey and focus groups.
Results: The time required to upload data and the length of the office visit did not change. However, the number
of times the HCP referred to the device data with patients increased from a mean of 2.8 (–1.2) to 6.1 (–3.1)
times per visit (P = 0.0002). A significantly larger proportion of children looked at the device data with the new
application (baseline: 61% vs. study end: 94%, P = 0.015). HCPs liked the web-based user interface, integration
of the data from multiple devices, the ability to remotely access data, and use of the application to initiate
patient education. Challenges included the need for automated data upload and integration with electronic
medical records.
Conclusions: The software did not add to the time needed to upload data or the length of clinic visits and
promoted discussions with patients about data. Future studies of HCP use of the application will evaluate
clinical outcomes and effects on patient engagement and self-management.

Keywords: Type 1 diabetes mellitus, Insulin pumps, Continuous glucose monitoring, Diabetes data, Data
integration, Data visualization.

Introduction

Nearly all people living with type 1 diabetes (T1D)
use at least one device to manage their diabetes, and

many use multiple devices, including glucose meters, insulin
pumps, and continuous glucose monitoring (CGM) systems,
which can lead to improved glycemic control with consistent

use.1,2 Glucose meters and CGM provide real-time glucose
data,3 while insulin pumps calculate and deliver basal and
bolus insulin based on preprogrammed settings and ratios.4

Retrospectively, data from these devices, including glucose
levels, insulin doses, carbohydrates eaten, and patterns of
hypo- or hyperglycemia over multiple days, can be used to
adjust insulin regimens, review treatment responses to hypo-
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or hyperglycemia, or evaluate the effect of diet, activity, or
illness on glucose levels,5,6 especially in pediatric practice
where the insulin needs of children and adolescents change
frequently and management must be altered accordingly.4,7

Diabetes health care providers (HCPs) play a critical role in
helping patients interpret diabetes device data. Historically,
HCPs have been encouraged to review device data with patients
and families during routine clinic visits, after downloading the
data in the office or asking patients to download at home using
software provided by the device manufacturers.8,9 However,
HCPs are challenged by the time and resources required to
download, review, and interpret the data during clinic visits, as
well as through remote interactions by telephone or video tel-
emedicine visits.10 It has been proposed that HCPs may be
reluctant to prescribe or encourage technology such as CGM
because of their own lack of comfort with interpreting data,
time constraints, and perceived disruption to clinic workflow.11

Tools that improve the integration of diabetes device data from
multiple, discrete sources (i.e., different brands of glucose me-
ters, insulin pumps, and CGM) are needed for optimal diabetes
management, since lack of interoperability may be a significant
barrier to device use for patients and providers.12,13 Standard
device software, reported device statistics, and common defi-
nitions and metrics are critical to optimize use of technology by
providers and patients, to make clinical decisions, and to eval-
uate outcomes.11,14

In addition to reviewing device data during clinic visits,
many HCPs strive to educate their patients on how to use their
data on their own at home to perform self-management tasks
such as adjusting insulin doses, carbohydrate ratios, insulin
sensitivity factors, or changing the timing of boluses with
eating or exercise.4–6 However, HCPs may struggle with how
to discuss data and engage their patients, which is especially
challenging during the adolescent period. Despite HCP ef-
forts, only a small minority of patients download and review
their diabetes data from their devices, for reasons that include
not knowing that they could look at their data, how to
download the data, and what to do with the information.15 To
empower patients to use their diabetes data on their own,
HCPs need tools that facilitate education about how patients
can use data and apply information learned to their daily lives.

To address the need for tools to assist HCPs in reviewing,
discussing, and increasing patient engagement with device
data, we performed a pilot feasibility study of a software
platform designed to collect and display diabetes device data
in one interface. The Tidepool platform collects data from
multiple device vendors, and the Tidepool web application
presents the data in a device-agnostic manner.16 As part of the
process of introducing new software into clinical practice, it
is important to assess acceptability of the technology by end-
users. According to the Technology Acceptance Model
(TAM), in health care settings, successful implementation of
technology is dependent on perceived usefulness (how much
the technology will enhance job performance), perceived
ease of use (the degree of effortlessness of utilization of the
technology), subjective norms (social influence of important
others about use of the technology), and facilitating condi-
tions (beliefs about infrastructure, resource constraints, skills,
and opportunities to use the technology).17–21 The objective
of this pilot study was to examine the use of the Tidepool
software applied to real-world clinical practice, evaluate the
effect of this software platform on clinic workflow and dis-

cussion of diabetes data during clinic visits, and to determine
acceptability among HCPs, using the TAM constructs of
perceived usefulness and ease of use. These results will
provide pilot data that will help improve the software and
HCP experience, which can lead to subsequent research
studies with larger groups of HCPs in different settings to
evaluate clinical impact and the effect on diabetes outcomes.

Materials and Methods

Data visualization application

The Tidepool software and data platform for collection
and visualization of diabetes data have been previously de-
scribed.16,22 A universal ‘‘Uploader’’ application23 collects
data from many commercially available glucose meters and
all conventional insulin pumps and CGM devices, and it
stores the data in secure, HIPAA-compliant cloud storage.
Devices that are supported by the system are listed on the
Tidepool website (https://tidepool.org/products/tidepool-
uploader/#devices). The data can be manually uploaded
from each device. For the newest generation of Dexcom
CGM systems (G5 and higher), data can be automatically
transferred from the Dexcom mobile app to a Tidepool mo-
bile app, and subsequently to the Tidepool cloud. Patients or
HCPs can log in to a web-based portal, which presents the
data from all devices in a single visual display for each pa-
tient. Users have the options of viewing summary data from
glucose meters and CGM (e.g., number of glucose values
entered per day, number of readings in target range, or time in
target range) and insulin pumps (e.g., current pump settings,
total daily dose of insulin delivered by the pump, percentage
of basal and bolus insulin, carbohydrates entered, use of
temporary basal rates, use of extended or combination bo-
luses, or overridden boluses). The user controls with whom to
share their data, and they must give permission to family
members and HCPs to view their information. The software
is freely available to download from the Tidepool website for
personal use by people with diabetes or their caregivers, and
for HCPs who are managing data for multiple patients. For
this study, a single clinic account was created for use by all
HCPs who participated in the study.

Further details about clinican use and features of the Ti-
depool software can be found in the clinician overview on the
Tidepool website (https://tidepool.org/clinics/). Detailed de-
scriptions of features and specific ‘‘views’’ or activities
within the application can be found on Tidepool’s support
page (https://support.tidepool.org/).

Participants and practice setting

All participants were HCPs who were actively seeing pa-
tients with T1D using diabetes devices, at a tertiary, multi-
disciplinary pediatric diabetes center. At baseline, at this
center, it was the general practice that registration desk staff
(medical assistants and administrative assistants) upload data
from all patients’ diabetes devices at check-in for each clinic
visit. This has typically been done using device manufac-
turers’ proprietary software, and printed hardcopies of the
data have been given to the HCP for use in each visit. For this
study, HCP participants included physicians (faculty and
clinical fellows), nurse practitioners, certified diabetes edu-
cators (CDEs), and any other providers (e.g., registered
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dietician and transition care coordinator) who used diabetes
data in their interactions with patients. HCPs had to have
at least one in-person clinical encounter with a patient for
which they used glucose data, or at least one telephone or
telemedicine encounter, in which glucose data were dis-
cussed, during the study period.

Procedures and study flow

The study was completed between June 2016 and August
2017, with baseline data collection in June–August 2016, active
use of the application from October 2016 to April 2017, and
follow-up data collection in May–August 2017 (Fig. 1). At
baseline, HCP participants completed surveys on existing
practices, current device software (comfort with and frequency
of use), and their beliefs about the use of diabetes data. To
understand how diabetes device data influenced clinic work-
flow, a small sample of at least 15 ‘‘check-in’’ encounters at the
registration desk were observed to record the number of devices
from which data were uploaded, the time spent uploading the
devices, and any problems encountered. In addition, a sample
of at least 20 HCP–patient encounters were observed in the
clinic, in which the patient had T1D and was using an insulin
pump, either with or without CGM.

Once baseline data were collected, the new software ap-
plication was launched in the clinic for all participants. HCPs
were trained in a group in-service setting on how to use the
visualization application. The registration desk staff mem-
bers were also trained in an in-service session on how to
register each patient for the software, and on how to upload
data for each compatible device. During the study period,
registration desk staff uploaded data from each device to the
software for each patient during the check-in process. HCPs
then used the software to review diabetes data during all
office visits with patients whose devices were compatible
with the software. They also had the option of accessing the
software at any time outside of in-person clinic visits, for use
between visits, such as telephone or telemedicine encounters.
HCPs were given repeat surveys on device data and on the
new application at 3 months (mid-study) and 6 months (study
end) after the launch of the new software application. Sam-
ples of registration desk activity and HCP–patient encounters
were again observed at study end.

The protocol and procedures were approved by the In-
stitutional Review Board at the University of California
San Francisco. All HCP participants and observed pa-
tients provided informed consent (or assent, if minors) for
participation.

Measurements and observations

Data were obtained from HCPs by surveys at baseline,
mid-study, and at the end of the study. At baseline, HCPs
provided demographic data (gender, decade of age, provider
type, years in practice, and average number of patients seen
per month). They were asked about their frequency of using
diabetes data in clinic visits, how they typically viewed it, and
their preferred data formats. At baseline, HCPs were also
asked about comfort with and ease of use of existing device
software. During and after the study, they were asked about
the utility of the new application.

Observational data were collected from a sample of patient
encounters at the registration desk and from a sample of patient
encounters at baseline and at the end of the study, which were
representative of the entire clinic population. At the beginning
of the study, the primary researcher ( J.C.W.) met with research
assistants (Z.I., S.S., M.N., and J.M.) to create standard ob-
servation ‘‘checklist’’ forms for registration desk and patient
encounters. Research assistants observed activities without
interacting with participants. Initially, direct ethnographic
observation of each encounter was performed by two research
assistants simultaneously but indepedently, and their notes
were compared and discussed with the primary researcher to
achieve uniformity in how each research assistant conducted
their observations. Once uniformity in observation was es-
tablished, only one observer was needed for each encounter.
Registration desk activities were observed but not audio re-
corded since most activities did not involve conversation or
discussion. However, for clinic visits, after obtaining consent
from the patient and family, the clinic visits were audio re-
corded.

Front desk measurements included patient variables (num-
ber and type of diabetes devices uploaded and use of CGM),
time spent uploading the devices, and any problems encoun-
tered during the uploading process (short descriptions were
recorded). Clinic visit observations included patient demo-
graphics (patient gender and age) and clinical characteristics
(time since previous visit, use of CGM, frequency of blood
glucose monitoring, and A1c) for each encounter. HCP activ-
ities (time spent in the examination room, time spent reviewing
and discussing data, frequency of referencing data, and fre-
quency of reviewing data before the face-to-face encounter)
and if the child (£18 years of age) looked the data on the
computer screen were also recorded. To calculate time spent on
any activity, the observer recorded the time (on the clock) of the
start of the encounter and then noted clock time for each event
of interest. Observers recorded short descriptions of activities

FIG. 1. Study flow and timeline.
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or conversations leading up to the provider looking at the data,
and they kept a tally of the number of times the provider ref-
erenced the data. They recorded short descriptions of how the
data were used and what teaching points were discussed.

Focus group interviews

HCPs participated in focus group interviews at study end.
Focus group interviews were held to understand HCP per-
spectives on using diabetes data in clinic visits, opinions of the
new application, and suggestions for future development to
address the TAM constructs of perceived ease of use and
usefulness of the application. The group setting was chosen so
that participants would be encouraged to share their opinions
and be inspired by the comments of, and interactions with,
others and so that many opinions could be gathered within a
short period of time.24,25 Two groups of seven to eight partic-
ipants were held and moderated by the senior researcher, and
two note-takers were present. A semi-structured, open-ended
focus group guide was used, and topics included the purpose of
diabetes data, the experience using the new software (how it
changed management compared to existing software, the fea-
tures that were most useful, any barriers to use), and how in-
teractions with patients in the clinic and between visits were
changed by the application. Each session lasted for 90 minutes,
was audio-recorded, and transcribed. Focus group data were
analyzed by thematic content analysis.26 Through these meth-
ods, commonalities and differences in the data were identified,
content was categorized, and conclusions were made around
themes.27,28

Results

Baseline use of diabetes data by HCPs

A total of 15 diabetes providers with various roles, numbers
of years in practice, and size of patient panels participated in
the study (Table 1). Before introducing the new software ap-
plication into clinic workflow, participants were asked about
their use and opinions of existing proprietary diabetes collec-
tion and visualization software that is provided by device
manufacturers (Table 2 and Supplementary Table S1; Sup-
plementary Data are available at https://www.liebertpub.com/
suppl/doi/10.1089/dia.2018.0251). Eighty percent of HCPs
used data from devices in most or almost every clinic visit, and
none reported ‘‘never’’ using the data. A large majority of
HCPs felt that having contextual data (93%), viewing diabetes
data in one application (80%), and limiting the number of log-
ins (80%) were ‘‘very important’’ or ‘‘essential.’’ Yet, despite
these opinions of importance, 80% felt that it was difficult to
gather contextual data, and only 20% thought that it was easy
to integrate data from multiple devices in one system.

In terms of data acquisition and presentation, 67% felt that
automated device download was important, and 60% valued
a standardized view of the data, but only 27% felt that it was
easy to recognize patterns in the data given the existing
software. At the beginning of the study, no HCPs viewed data
in their native software on the computer routinely (‘‘almost
every time’’ or ‘‘every visit’’) in clinic visits, and only a small
minority of HCPs viewed data on the computer regularly
(Table 2 and Supplementary Table S1). Instead, 47% of
HCPs used printed hardcopies of the data reports at least

Table 1. Provider Characteristics

Total n = 15

Characteristic Percent (%)

Female gender 73.3
Age (years)

20–30 6.7
31–40 46.7
41–50 20.0
51–60 26.7

Role
Faculty physician 40.0
Clinical fellow 26.7
Nurse practitioner 13.3
Certified diabetes educator 13.3
Transition care coordinator 6.7

Years in practice
<3 20.0
3–5 20.0
6–10 13.3
10–20 26.7
>20 20.0

Patients seen per month
<5 13.3
5–10 26.7
11–20 6.7
21–50 33.3
>50 20.0

Table 2. Provider Usage and Opinions of Existing

Diabetes Data Software at Baseline

Percent (%)
of HCPs
reporting

Use of existing software in clinic ‘‘Most of the
time’’

or more
Use data in clinic visits 80
View data in hardcopy 47
View data in native software 13

Opinion of importance ‘‘Very important’’
or ‘‘essential’’

Having contextual data 93
Viewing all data in one application 80
Logging in to as few systems as
possible

80

Integration of data with the EHR 73
Automated device download 67
Having a standardized view of data 60
Using hardcopies of data 27

Opinion of existing software Agreement
Difficult to gather contextual data

from patients
80

Easy to integrate data from multiple
devices

20

Easy to recognize patterns in the data 27

n = 15.
EHR, electronic health record; HCP, health care provider.
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‘‘most of the time’’ in clinic visits, but only 27% expressed
that it was ‘‘very important’’ or ‘‘essential’’ to use printouts.

Effect of the data collection and visualization
application on registration process

A sample of activities at the registration desk of the clinic
were observed at baseline before the new software was
introduced (16 patient encounters) and after the data visu-
alization application had been in use for 6 months (19 en-
counters; Table 3). Each observed patient who registered
for their clinic visit had up to three diabetes devices (glu-
cose meter, insulin pump, and/or CGM device), and the
average number of devices was not significantly different
between baseline and the end of the study. However, there
were more CGM users in the encounters observed at the end
of the study, although the difference was not statistically
significant. The average amount of time required to upload
data from all diabetes devices did not change with use of the
new application.

Effect of the data visualization application
on HCP–patient encounters

A sample of patient clinic visits with individual HCPs were
observed at baseline (23 encounters) and at the end of the
study (20 encounters) (Table 4). Most of the clinic encounters
observed were of faculty physicians, but some visits were of

clinical fellows, nurse practitioners, CDEs, or the transition
care coordinator. The patients observed in these visits were
similar with respect to age, gender, and the number and
brands of devices used, at baseline and at study end, although
more patients used CGM in the observations at study end
(Table 4).

Once the new application was introduced, there were
trends in how HCPs spent their time during patient visits and
how they used device data (Table 5). Overall, the average
amount of time the HCPs spent in the examination room and
reviewing and discussing data was not statistically different
after the new application was introduced. However, after
using the new software platform, there was a trend toward
having a larger proportion of HCPs review patient device
data before entering the examination room to start the visit,
although this was not statistically significant (36% at base-
line, and 55% after the application was introduced, P = 0.26).
In addition, the average number of times the HCP referred to
the data with patients increased from 2.8 (–1.2) to 6.1 (–3.1)
times per visit (P = 0.0002). Finally, a significantly higher
proportion of the pediatric patients looked at the diabetes data
with the new application compared with before it was in-
troduced (61% before and 94% after, P = 0.015).

It was of interest to note the topics that caused the provider
to reference the diabetes data, and those were discussed as a
result of the provider reviewing data, both before and after
the new application was initiated. The most common topic
discussed was glucose patterns that were identified in the data
(52% of encounters at baseline, and 85% of encounters at
6 months), and providers frequently gave recommendations
for changes in insulin pump settings (basal rates, insulin-to-
carbohydrate ratios, and insulin sensitivity factors). Review
of the data prompted providers to commonly recommend that
the patient check glucose levels or give bolus insulin more
often. At baseline, no providers discussed the use of extended
boluses, but after 6 months, 15% of encounters included a
discussion about extended boluses.

Perceived ease of use and usefulness
of the data visualization application

During the study and at the end of the 6-month period,
participants were again asked about use and importance of

Table 3. Registration Desk Activity

Baseline 6 Months P

Number of check-in
encounters observed

16 19 —

Mean number of devices
per patient (range)

1.87 (1–3) 1.72 (1–3) 0.56

Percent (%) of patients
using CGM

19 37 0.24

Median minutes spent
uploading data from
all devices (IQR)

2 (1) 2 (4) 0.47

CGM, continuous glucose monitoring; IQR, interquartile range.

Table 4. Characteristics of Observed Patient Visits

Baseline 6 Months P

Number of patient encounters observed 23 20 —
Role of provider (% of total) 0.29

Faculty physician/clinical fellow 87 85
Nurse practitioner 13 5
Certified diabetes educator — 5
Transition care coordinator — 5

Patient age, years 16 (5.0) 15 (3.7) 0.47
Patient gender (% female) 56.5 45 0.64
Days since previous visit 94 (32) 83 (35) 0.4
Percent of patients using CGM 44 70 0.08
Number of devices downloaded 2.18 (0.5) 1.8 (0.8) 0.08
Number of blood glucose meter checks per day 6.3 (4.5) 4.7 (2.6) 0.17
Patient hemoglobin A1c, % 8.5 (1.3) 8.3 (1.6) 0.66

For continuous variables, mean (standard deviation) is shown. For categorical variables, percent is shown.

810 WONG ET AL.



diabetes data collection and visualization software. Overall,
there were no significant differences in opinions about data
compared to baseline (data not shown). In addition, HCPs
were asked their opinions about specific features of the new
application, focusing on the perceived ease of use. On a scale
of 1 (very negative) to 5 (very positive), on average, HCPs
rated their experience with the application 4.5 (–0.7) and 4.6
(–0.5) overall, at 3 and 6 months, respectively. At 3 months,
82% found the process of learning how to use the application
‘‘easy’’ or ‘‘very easy.’’ As the study progressed, there was a
trend toward HCPs reporting that it was easier to find the
information they needed, with the percentage of those finding
it ‘‘easy’’ or ‘‘very easy’’ increasing from 55% at 3 months to
88% at 6 months (P = 0.08). The majority of HCPs agreed or
strongly agreed that the new software eased the process of
many common HCP tasks with diabetes data, and these
opinions did not change from 3 to 6 months (Supplementary
Table S2).

Focus groups of all HCPs who participated were held at the
completion of the study to understand opinions about the use
of diabetes device data in general. Generally speaking, HCPs
described using device data to find trends and patterns to
determine if any changes in management are needed. When
in clinic or receiving an advice telephone call from a patient
or family member, HCPs wanted to have the device data in
front of them so that they had a more concrete, objective view
of the situation that the patient or family described. They
preferred having access to many details about the data, in-
cluding the number of blood glucose checks per day, the
percentage of basal and bolus insulin used per day, and the
frequency of insulin pump set changes, and they preferred to
see all device data (glucose meter, insulin pump, and CGM
data) in one place and not in multiple software applications.

Focus groups were also used to assess perceived usefulness
of the new application specifically (Table 6). HCPs were
generally positive about the new data visualization interface
and liked the integration of data from multiple devices in one
application. In particular, they liked the use of color to in-
dicate if glucose levels were within (green), above (purple),
or below (red) target range and found that children and
families responded well to color and the visual display. The
computer interface for viewing data enabled patients and
families to be more engaged with the data, and HCPs re-
marked that having the device data on a screen in front of the
family was a useful tool to generate discussions on man-
agement decisions. For example, after glucose patterns were
identified and shown to patients, conversations were initiated
about the context (carbohydrates eaten, physical activity, and
illness) that led to the patterns, which prompted discussions

about ways to prevent suboptimal glucose patterns in the
future. Having data accessible in the clinic allowed HCPs to
explain the rationale for suggestions to changes in manage-
ment, including insulin dosing or pump settings. In addition,
HCPs liked the ability to access patient device data remotely
when patients uploaded data to the web-based application
from home, which assisted HCPs in giving recommendations
during telephone encounters and telemedicine visits.

There were some challenges that the new application did
not address that the HCPs described as suggestions for future
innovation (Table 6). The new application did not solve the
existing problem that data acquisition is not completely au-
tomated, and that most data must be actively uploaded by the
patient from devices to be seen in the application. As a result,
HCPs struggled with the fact that many families still did not
have the necessary device cables, forgot their passwords, or
simply did not have enough time to upload data from their
devices at home. If a family did upload data, the application
did not automatically alert the HCP, and HCPs had to ask
families to notify them when data were uploaded and ready to
review. HCPs felt that they had limited contextual data about
activities, food content and composition, or other events that
might have influenced glucose levels, even though the ap-
plication has a feature that allows patients and caregivers to
record notes in real time using their mobile devices that ap-
pear alongside data; this feature was infrequently utilized by
patients. Despite this, although HCPs then had to ask the
patients for more information, they found that the application
was helpful in initiating these conversations. The HCPs ac-
knowledged that data review took more time, and they desired
to have mechanisms in place to document, bill, and receive
compensation for the time spent on data review. Finally, the
new application was not integrated with the electronic med-
ical record, and HCPs found it cumbersome to log in to dif-
ferent applications to document the glucose patterns identified
and management decisions that were recommended.

Discussion

In this pilot study of HCP use of a software application for
review of diabetes device data in a clinical diabetes practice,
we have shown that a new data visualization tool can promote
discussions about, and can increase attention to, diabetes
data, without having a significant impact on clinic flow or
visit time. Successful introduction of new procedures or tools
into clinic practice requires that there be minimal disruptions
to clinic work flow in order for the technology to be ac-
cepted.21,29 Our results showed that the software application
did not require extra time for the registration desk staff, nor

Table 5. Provider Activity During Patient Visits

Baseline 6 Months P

Minutes per visit spent in examination room 35 (16) 41 (14) 0.2
Minutes per visit spent reviewing and discussing data 18 (12) 20 (8) 0.54
Number of times per visit provider referenced data 2.8 (1.2) 6.1 (3.1) 0.0002
Percent of visits in which data was reviewed before visit 36 55 0.26
Percent of visits in which the child looked at the data 61 94 0.015

For continuous variables, mean (standard deviation) is shown.
For categorical variables, percent is shown.
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Table 6. Provider Perspectives

Theme Examples

Beneficial features
Data integration If you have a sensor and a pump, then using the two together is vastly different and faster

and easier.
Everything is all in one place. I mean, you didn’t even have that option before so that’s the

beauty of it.
The visits are definitely shorter by 10 to 15 minutes because we don’t have to.transfer

the numbers from the pump download onto the CGM download.
Visual appeal and use

of color
I really like the colors. It’s one thing to say, ‘‘This is low. This is high.’’ I don’t talk in

highs and lows anymore. I talk in colors now, reds and green and purple. So.it’s
conceptual to the family. And [for] the kids, it’s much easier to see, ‘‘Oh it’s purple here.
Oh, how much green?’’ This family today said, ‘‘How much green do we have today
versus last time? What’s the percent in green?’’ So, they’re beginning to actually sort of
get this concept of ‘‘in range’’ as opposed to explaining what’s an ‘‘in range target’’ or
‘‘percent in range’’ versus ‘‘percent in green.’’ It’s much easier to understand that way.

Seeing the visual colors, you can get a visceral impact from that. When I see data for kids
and I’m like, ‘‘Oh, you’re in target,’’ I feel happy. [If] I see a lot of red, I’m like, ‘‘Oh
goodness, we have to make some changes.’’ I think for the patients that actually have
that data and see it, they can actually have a visceral response, have more buy-in to
managing their own diabetes. So, I think it’s really important actually.. I’ve noticed
the patients here really have more buy-in, and they actually are actively participating.

It helps me too with describing an A1c. I say, ‘‘You can have a really green A1c, but if it’s
a balance of lots of purples and reds, then it’s not as good as if it’s mostly green.’’ And
so, they’re like, ‘‘Ah, I never heard of that.’’ I think it provides a good way to talk about
a lot of these concepts that they heard before but just in a different way. Maybe it sticks
a little bit differently.

Computer interface
vs. paper printouts

It’s very visually appealing. It’s really easy to go over in the clinic space, and more so
than all of the other downloads, which are all printed. They’re not as visually appealing,
and they’re not as dimensional. So, pulling it up on a bigger screen, looking at the color
data, I think, is really nice.

I have definitely seen more families engaged with the [Tidepool] data as opposed to [other
companies’ software]..They say, ‘‘There’s just so many printouts that come with [the
pump company’s software]. I don’t know what to make sense of them.’’ But, at least
with [Tidepool], there’s just a couple of fields that they look at, and mostly the day to
day, and the trends.

I think the patient’s engagement is clearly much easier and better almost with every visit
because they can see it. It’s all visual, right there. So, they’re paying more attention to it
as opposed to black-and-white papers and numbers here and there and trying to make
sense of it. Almost nobody—very, very few patients—when it was numbers and papers
could actually look at the reports together with the provider. Now, they all look at the
screen at the same time as I’m looking at it.

Patient engagement It has really helped me engage my patients.
[It helps] for targeting the conversation. You’re like, ‘‘Okay let’s focus on one thing. Let’s

think about if we made this one change, let’s see how it would affect your data going
day by day.’’

I think with the young adults, it’s such a tool for them to be empowered. But also when we’re
working on goals like how to improve the glucose, we can say, ‘‘Hey, do it one week,
shoot an email, upload, and we will see.’’ So, they see success for them, right then.

They don’t need to wait three months to call when things are not working. So, I do believe
that it’s improving their (1) perception and (2) actually their managing—they feel more
in power.

One of the key pieces for me is, this is a way that you [as a patient] would become an
advocate for yourself. You are looking for patterns.and you’re like, ‘‘Oh.’’ It’s an
‘‘aha’’ moment.

Rationale for management
recommendations

This really does provide me [a way] to rationalize why I’m giving advice. Even if we’re
only looking at it in the visit and they don’t look at it again until the next visit, it does
help them understand.a motivation behind me just giving new insulin doses.

I have patients that are very hesitant to make any pump changes unless they know exactly
why, like ‘‘Tell me the data you’re looking at.’’ So, it helps them to be able to visualize
it and then say ‘‘Well, look at here. I mean, I really do think that these changes are
needed because look we’re always high here or low here.’’

If they can be convinced that you’re doing it based on these patterns, and you can show
them the patterns—if they see it—then it helps.

(continued)
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did it increase the length of the clinic visit. The presence of
the software application in the clinic did change the way that
providers used data in the visits themselves, increasing the
average number of times the provider referred to or refer-
enced the data in the visit. Importantly, this study was con-
ducted in a pediatric clinic, where it can be a challenge to
engage children and adolescents in reviewing their device
data, even as adolescents are transitioning to being inde-
pendently responsible for their care.30,31 Our findings in this
pilot study suggest that the software application can, in fact,

increase interaction with data by both the provider and the
pediatric patient, without having negative consequences on
visit length or clinic flow. Further studies with larger cohorts
of HCPs in multiple practice settings are needed. Follow-up
studies will evaluate if increased interaction with data results
in improved clinical outcomes, such as A1c or time in target
range.14 In addition, further human factors and usability
studies32–35 looking at the interaction of the patient and pro-
vider with the software application will be important to iden-
tify the characteristics of the application (e.g., the computer

Table 6. (Continued)

Theme Examples

Remote data acquisition
and telehealth

For [my patient], the parents.don’t have any technology at home. They were not able to
upload the data. We set up the phone app. And now [the CGM is] continuously
uploading data, and whenever we log in, we can see the most recent data. It made a
huge difference in how we manage him.

I’ve used it on telehealth visits, and it’s pretty easy there to say, ‘‘Let’s look at this date.’’
And they’re pulling it up on their screen, I’m pulling it up on mine, and we can kind of
talk through things.

If it’s a telehealth [visit].the family is forced to be a part of that conversation. So.rather
than us looking at the data and sending them a plan change, the telehealth actually
creates more space for engagement between live visits.

Continuing use Oh my God. Continue with [Tidepool]. Absolutely.
I mean we have to stick with [Tidepool]. I can’t even imagine what it would be like going

backwards.

Areas for improvement
Uploading and hardware I’m having stumbling blocks when I’m uploading, then I really worry about my patients.

The constraint comes [from] the freaking cable. The meter is not magically connected..
So, it’s more than the software itself; it’s the hardware that is the problem.

I think making it so it’s compatible [with] iPads, phones, that would be a step in the right
direction because there are a lot of families that don’t have computers. So, not being
able to upload or access the data remotely is a limitation for families that are more
economically challenged.

I had a mom whose kid is having a lot of problems.. She said, ‘‘Well, we uploaded in
January, isn’t that good enough?’’ And that, I think, is telling, that’s how seamless they
would prefer it was.

I feel like either they lose their passwords, or it expires, or they need to set it up again.
Need for context Without any notes about daily activities, it still ends up being a fairly sterile review.

It does set up a good conversation. When you look at a particular day and ask them, ‘‘Can
you remember what was going on here?’’ or ‘‘When is your practice?’’ or ‘‘Can you fill
in the background for me?’’ So, you can learn a lot, but you can’t learn it from
[Tidepool alone]. It’s [Tidepool] plus the patient.

Time spent and billing I think it’s also important to tell [families] that as [they]’re uploading [data], it would be
helpful to understand the context. So, upload, call us, and say generally, ‘‘I want you to
look at my pattern of lows,’’ or ‘‘I’m having difficulty using my temp basals,’’ or
something to focus. Because you have.some people who.just upload every week and
just say ‘‘Take a look at this, and tell me what I should do.’’ And then, they might not
even come to clinic because they say, ‘‘Well, I’ve been uploading for you a couple of
times a month, why do I need to come in here? You’re just looking and you’re just
helping me with my data anyway,’’ and then they never come into clinic. So, they need
to take a step back.. We dug ourselves in that hole by trying to empower them, trying
to encourage them to be in contact with us, but then we’re not seeing them. We’re not
billing for them. We’re creating all of this extra work in between clinic visits with our
nonexistent time, which is difficult to manage.

I mean, we’re all documenting. Everybody is documenting. We’re taking the time, and
we’re just typing in the pump settings and this and that. It takes a long time.

Integration with electronic
medical record

You’re in a situation where there’s two different electronic medical records on the same
patient, essentially. Obviously, some information is going to get lost, and it’s just not as
easy to incorporate those two things together.

Maintenance of personal
contact

I think that as we get more electronically savvy in our care, that we’re at risk for becoming
more distant from our patients. Just like, that’s something that you need to be aware of,
and I don’t want that to happen.
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interface, elements of the design, or integration of data) that are
most widely used and are of highest value to providers and
patients.

Using constructs from the TAM, we assessed perceived
ease of use and perceived usefulness of the application by
HCPs. The TAM has been used in previous studies of HCP
acceptance of health information technology, including
online training tools, telemedicine, and mobile applications
assisting in decision support in clinic settings.18–21 Overall,
HCPs perceived that learning to use the application and
finding information were easy, and that sharing, reviewing,
and communicating with patients about device and con-
textual data were made easier with the application. Focus
group data showed that HCPs perceived the application to
be useful in identifying glucose patterns, generating dis-
cussions, and educating patients about management deci-
sions. Importantly, HCPs felt that the application was
useful in engaging children and families in critically re-
viewing their data. These data suggest that many aspects
of the application will likely be accepted with more wide-
spread implementation to other clinic settings. However, it
is important to recognize some remaining obstacles that
may prevent wider adoption, which include the lack of
universal automated device data upload and lack of inte-
gration of the application with the electronic medical re-
cord (specifically, the inability to easily transfer device data
to clinic visit documentation).

In our study, HCPs found value in being able to easily
access patients’ diabetes device data. Increased access was
due to integration of insulin and glucose data from multiple
devices. The software successfully presented the data in a
uniform, streamlined manner, which eliminated the need to
cross-reference data from different software programs. It has
been suggested that standardization of device data is needed
for HCPs to understand patients’ clinical status and make
management decisions, and lack of standardization may
contribute to inadequate glycemic control.11 To this end, a
proposed standardized profile of CGM data has been bundled
with commercial CGM software, and a commercially avail-
able mobile application, which displays meter, pump, and
CGM data in a standard, integrated manner, has been shown
to improve frequency of blood glucose monitoring, upload-
ing data from meters, and lower average glucose levels when
used by patients.36–38 To add to the studies of data visuali-
zation software use in patients, this study explores the impact
of a data integration and visualization tool by HCPs. While it
is important to give patients ways to view their data on their
own, as we have done previously,22 it is equally important to
equip HCPs with tools that allow them to effectively use data
to make management recommendations for patients. HCPs
also need tools to facilitate conversations about the data with
patients, promoting patient education and empowerment
about the use of data. With the rapidly changing landscape of
diabetes technology and the increase in the amount and
complexity of data available to users, for example, from flash
glucose monitoring and hybrid closed loop systems, the need
to understand and provide education about data is even more
critical. Improved data collection and visualization may also
enable HCPs to overcome barriers to prescribing devices and
using data in clinic visits, which may lead to more optimal
device and data use by patients, and ultimately to improved
outcomes.

As a pilot feasibility study, the size and scope of this
project was limited. We had a small sample size of HCPs, all
practicing at the same pediatric diabetes clinic, and the
majority of HCPs included were endocrinologists. Although
we did have input from nurse practitioners and CDEs, future
studies will need to focus on how educators use data visu-
alization tools in a variety of patient practices. We were only
able to follow HCPs for 6 months, and longer studies are
needed to evaluate the long-term impact on the clinic and
patient outcomes. In the current study, automated methods
were not available to capture the amount of time spent on
various activities (e.g., uploading data, using specific fea-
tures in the software application, or discussing results), but
these would be important in subsequent studies. This study
did not evaluate patient clinical outcomes, such as glycemic
control, which will be important in the future. Future trials
should also identify the specific features of the application
that have the most impact on quality of care, patient edu-
cation, and HCP decision-making. These studies may in-
clude more comprehensive usability and human factors
testing of the software user interface,35,39 with comparison
to other available data visualization tools. We anticipate
that future clinical studies will address these issues, as well
as patient-related factors such as engagement and self-
management, and cost-effectiveness analysis of using a data
integration tool in clinical practice.

In summary, our study shows the potential value of using a
software application that integrates and standardizes diabetes
device data from multiple sources in clinical practice. For
HCPs, software that is standardized across devices can in-
crease the ease of accessing, reviewing, and discussing data
with patients. It may promote opportunities for education and
teachable moments between HCPs and patients about dia-
betes data and facilitate data capture for remote patient care,
such as telemedicine. For software developers, future chal-
lenges include automation of the data acquisition process,
notifying users about new data or important glucose patterns,
and seamless integration into clinic workflow and electronic
health records.
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