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Continuous glucose monitoring (CGM)
has become the target standard of care
for people with diabetes and an abun-
dant source of health care data (1).
However, downloading those data is
difficult (especially for large numbers of
patients or long records) and researchers
have to rely on manufacturer or commer-
cial software for analysis. An increasing
number of public domain tools strive to
bridge this gap, but they vary substan-
tially in their capabilities and ease of
use. GlyCulator (2), developed by our
team, was one of the first such tools
and has been updated several times
along with the advancement of sensor
technology and analysis guidelines. In
this article, we present GlyCulator 3.0, a
free open-access online platform that fa-
cilitates large-scale consensus-compliant
analyses of CGM files and enables data
storage and sharing. This solution allows
for easy integration between various
CGM files and downstream analysis us-
ing more specialized tools. It is available
freely from https://glyculator.btm.umed.pl
after account creation. The current version
allows users to upload CGM files down-
loaded from all popular CGM systems
without preprocessing. While GlyCulator
3.0 cannot directly access CGM manufac-
turer databases yet and requires raw
data files downloaded from the proprie-
tary software, the upload and file proc-
essing were made as easy as possible.

CGM technology and file format are
automatically detected—the software
is compatible with most current or past
CGM sensors—or may be defined by the
user on upload. The tool also provides
an option to integrate multiple files from
a single CGM user into a single standard
file; this is especially useful for Medtronic
CGM users, as those files are typically
limited to storing only 90 days of data.

Following file upload, all files from
one analysis are converted into a uni-
form format (GlyQ) and an analysis tem-
plate is created for further editing.
Conversion removes embedded personal
or clinical data and allows manufacturer-
agnostic analysis as long as the same
sampling frequency, 288 or 96 measure-
ments/day, is constant. The GlyQ format
was created to facilitate downstream
analysis of raw CGM records and can
be used with external software solu-
tions with no or few modifications re-
quired. CGM records in GlyCulator 3.0
may be parsed for a predefined date
frame that allows for center benchmark-
ing, clinical outcome evaluation or mon-
itoring an individual patient over time.
After upload of full-length CGM records,
the user specifies the start and end
dates, thus creating the desired window
of analysis for all files or selecting spe-
cific ones using a graphical interface or
manual date entry. The next step is qual-
ity check and filtration, which allows the

user to review data completeness through
visual representation and adjust the cho-
sen time frame before proceeding. After-
ward, the user may enable missing data
imputation or skip this step and proceed
directly to analysis. The analytical stage
calculates glycemic variability indices (GVIs)
compliant with the 2019 international con-
sensus (1) for the chosen periods for all
files in the analysis. Postanalysis, the
user may access separate file-specific
reports (including record configuration,
standard ambulatory glucose profile, and
GVIs), a summary detailing metadata
and GVIs for all files (presented visually),
and raw glucose data used for calcula-
tions. The summary report and aggre-
gated CGM data in GlyQ format can
also be downloaded for further processing
with use of more specialized or custom-
made analytical tools as well as external
statistical software.

At each step, the users may share their
results or processed files with other
researchers and users of our tool. Fi-
nally, the anonymized CGM data are
also securely backed up by the host
institution and can potentially be used
as a reference for further joint analyses
or reproducibility evaluations. The users
may save, delete, access, or revisit their
analyses at any time, allowing for rapid
reanalysis or exploration of different
analytical scenarios or variants of data
imputation or filtering. We hope that
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by providing external data storage and
analysis capabilities, we will facilitate re-
search independent of in-house hardware
limitations.
Detailed instructions are provided on

the tool’s website: https://glyculator.btm.
umed.pl/user_manual.
The list of features of GlyCulator 3.0

and their comparison with other popu-
lar community-based solutions are pre-
sented in Table 1. Our intention is not
to replace the existing solutions but,
rather, to allow for interoperability with
outside software, which provides addi-
tional functionalities, such as nonstandard
GVIs, additional data imputation algo-
rithms, and alternative data visualiza-
tions. GlyCulator 3.0 was designed to
provide an easy way to assess large
amounts of data for benchmarking pur-
poses. As an example, we performed
such a study on 1,244 CGM users treated
in the pediatric diabetology reference
center for Lodzkie Voivodeship. Its de-
tailed description, results, and a step-
by-step manual for results reproduction,
including all required anonymized pa-
tient files, are provided on the software’s
website (https://glyculator.btm.umed.pl/).
Such benchmarks provide essential insight
into diabetes care quality and may help
with identification of areas that need im-
provement (3,4).

The possible applications of GlyCula-
tor 3.0 exceed those provided in the ex-
ample study. First, investigators can use
it to process data from an increasing
number of clinical trials using CGM (5)
and (should raw files be stored) cross-
reference those data between trials.
Secondly, the data-sharing option might
promote nationwide or international
analyses, which could be a critical and
invaluable asset for public health policy
and future guidelines development.
Finally, an application programming
interface could be set up on request
to enable high-throughput automated
analyses for independent research net-
works. Overall, we believe that GlyCulator
3.0 is an accessible, comprehensive, and
open resource for clinicians and research-
ers interested in CGM regardless of their
statistical or programming experience.
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