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Abstract

Diabetes mellitus is a serious disease with increasing global prevalence. Point-of-care anal-

ysis of glycated hemoglobin A (HbA1c) holds promise as a diagnostic test for diabetes melli-

tus in epidemiological studies in challenging environments with limited access to centralized

biochemical labs. The HemoCue HbA1c 501 device can be used for point-of-care determi-

nation of HbA1c, but its usability in epidemiological studies is limited by its inability to export

results in digital format. We have developed the open source HemoDownloader software to

overcome this limitation of the device. HemoDownloader has an easy-to-use graphical user

interface and can export data from HemoCue HbA1c 501 to standard spreadsheet file for-

mats. The program has the potential to improve data collection and management in epide-

miological studies of diabetes mellitus.

Introduction

Diabetes mellitus is a group of medical conditions characterized by insulin resistance and/or

decreased insulin production, resulting in hyperglycemia [1]. The Global Burden of Disease

Study estimated that in 2017, the global prevalence of diabetes mellitus was 476 million, and

the diseases caused 1.4 million deaths [2].

The diagnosis of diabetes mellitus is often made based on measurement of fasting plasma

glucose (FPG) or an oral glucose tolerance test (OGTT). Both of these tests require patients to

fast [3], which can pose a logistical challenge. Glycated hemoglobin A (HbA1c) is a compound

formed in the bloodstream by a non-enzymatic chemical reaction between glucose and hemo-

globin. HbA1c is a measure of the average plasma glucose levels in the last 8–12 weeks [3], and

it is approved by the World Health Organization for the diagnosis of diabetes mellitus, pro-

vided that appropriate quality control measures are in place, and the patient does not have

other medical conditions rendering the results unreliable [3]. HbA1c analysis does not require
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fasting [3], making it an attractive alternative to diagnosis based on FPG and/or OGTT. Fur-

thermore, HbA1c is recommended by the American Diabetes Association as the main measure

of glycemic control among patients already diagnosed with diabetes [4].

Epidemiological studies of diabetes mellitus are needed to monitor the burden of the dis-

ease and to investigate novel risk factors for its development. Many of the world’s diabetic

patients live in low- and middle-income countries [2] where conducting epidemiological stud-

ies is challenging, especially if biological samples have to be transported long distances for

analysis at centralized biochemical labs. Point-of-care devices for the measurement of HbA1c

exist and have the potential to simplify data collection for studies of diabetes mellitus in such

settings. Our partners and we recently carried out an epidemiological study on glycemic regu-

lation in Uganda [5, 6]. Our main outcome was HbA1c, determined by the point-of-care device

HemoCue HbA1c 501 (HemoCue AB, Ängelholm, Sweden, www.hemocue.com). No software

is currently available for extracting the analysis results from the device memory, so we devel-

oped the open source HemoDownloader utility to perform this task, in order to not rely solely

on data collectors’ manual recording of results.

Methods

The software was developed for use in and tested during data collection for the “Pesticide

Exposure, Asthma and Diabetes in Uganda” (PEXADU) study, which was a short-term obser-

vational cohort study on health effects of pesticide exposure among smallholder farmers in the

semi-urban Wakiso District of Uganda. We recruited 364 farmers, most of whom underwent

three HbA1c tests each from September 2018 to February 2018. Hence, more than 1000 HbA1c

analyses were conducted during the study. Study findings have been reported elsewhere [5, 6].

The PEXADU study was conducted in accordance with the Declaration of Helsinki. Study par-

ticipants gave written informed consent before inclusion and were financially compensated for

lost earnings on examination days. The study was approved by the Higher Degrees Research and

Ethics Committee at Makerere University School of Public Health (registration number 577) and

the Uganda National Council for Science and Technology (registration number HS234ES).

Software description

The HemoCue HbA1c 501 device saves analysis results to its internal non-volatile memory

with a capacity for 200 measurements [7]. Each result is tagged with the date and time of analy-

sis. In addition, a barcode scanner used at the time of analysis can be used to tag each measure-

ment with the IDs of the patient and of the technician performing the analysis [7].

The manufacturer of the HemoCue HbA1c 501 device does not provide software capable of

exporting the contents of the internal device memory in digital format. This limits the usability

of the device in epidemiological studies with hundreds or thousands of measurements, as

results have to be manually recorded. The software that we have created (HemoDownloader)

allows a PC to download the entire memory of the HemoCue HbA1c 501 device and save it in

a structured file for further processing using standard statistical software. This makes the use

of the device for epidemiological studies easier, faster and less error-prone.

HemoDownloader takes advantage of the fact that the HemoCue HbA1c 501 device sup-

ports printing all results in memory using a stand-alone thermal printer connected by a serial

(RS232) cable [7]. To use HemoDownloader, the PC is connected to the printer port of the

HemoCue HbA1c 501 device using a generic RS232 null-modem cable, and the printer func-

tion on the HemoCue HbA1c 501 device is activated [7]. HemoDownloader records the binary

stream of data intended for the thermal printer, parses the data and saves the dataset on the

hard drive of the PC. The software can export to CSV (Comma-Separated Values), TSV (Tab-
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Separated Values), XLSX (Microsoft Excel workbook) and XLS (Microsoft Excel 97–2003

workbook) file formats. The resulting file lists the date, time, technician ID, patient ID, and

HbA1c analysis result for each measurement, with one line per observation. Fig 1 shows an

example Microsoft Excel workbook, demonstrating the structure of the data saved by Hemo-

Downloader. For reasons of confidentiality, the data in the example file are fictional.

Practical use of the software

HemoDownloader is compatible with computers running Microsoft Windows (32 and 64 bit).

The compiled versions of the software can be executed directly, do not require installation,

and do not depend on any other installed software. Since the HemoDownloader software was

developed in the Python 3 programming language, users who want to run the program from

source code instead need to install Python 3 (Python Software Foundation, https://www.

python.org), as well as the open source Python libraries pyserial, XlsxWriter and xlwt that are

used by HemoDownloader. Installation scripts for these third-party libraries are included in

S1 File in the online appendix.

Before using the HemoDownloader software, the user has to connect the PC to the Hemo-

Cue HbA1c 501 device using a RS232 null modem cable (a standard RS232 serial cable will not

work). The user now starts the software and is presented with a simple graphical user interface

(Fig 2). Before data can be recorded, the user must specify where to save the resulting file, and

Fig 1. Example data structure of exported file. Note: The variables “operator_id” and “patient_id” will be blank if no

barcode scanner was used to enter this information before sample analysis. If the HbA1c value in percent is<4% or

>14%, the HemoCue HbA1c 501 device does not convert it to mmol/mol, and the latter field is left blank.

https://doi.org/10.1371/journal.pone.0242087.g001

Fig 2. Main program window.

https://doi.org/10.1371/journal.pone.0242087.g002
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which of the PC’s serial ports to use. The user clicks the button “RECEIVE DATA” in Hemo-

Downloader, and the utility is now ready to receive data.

The printer function of the HemoCue Hba1c 501 device is activated in the normal manner

[7]: With the HemoCue HbA1c 501 device in stand-by mode, the user presses the device’s

MODE button for three seconds, followed by the UP or DOWN buttons to select “Data”, and

confirming by pressing the MODE button briefly. The HemoCue HbA1c 501 device will now

display all results in memory. The user presses the PRINTER button briefly to bring up the

print menu. Using UP or DOWN buttons, the user selects “ALL” and confirms by briefly

pressing the MODE button. This will initiate the data transfer.

HemoDownloader will automatically close the serial connection when the transfer is com-

plete. The HemoCue HbA1c 501 device only supports data transfer at 9600 baud, but the entire

memory of the device can be downloaded in a few minutes.

HemoDownloader understands all date-time formats supported by the HemoCue HbA1c

501 device. The software automatically checks the recorded data for consistency and warns the

used in case the data structure is not exactly as expected from the HemoCue HbA1c 501

device.

Discussion

Measurement of HbA1c instead of FPG or OGTT can simplify the logistics of epidemiological

studies on diabetes mellitus, as HbA1c testing does not require fasting [3]. It is an advantage if

the analysis can be carried out at the point-of-care, especially in studies in areas with poor

access to centralized biochemical labs. The usefulness of the HemoCue HbA1c 501 device for

point-of-care analysis of HbA1c in epidemiological studies is hampered by its inability to

export data in digital format. HemoDownloader fulfills the need for a utility that can perform

this extraction for more efficient data management, and its graphical user interface means that

it can be utilized by non-technical users.

In the course of the PEXADU project, the HemoDownloader utility was used for the man-

agement of results from more than one thousand HbA1c analyses carried out over the course

of several months. HbA1c results were recorded both manually and using HemoDownloader,

and any inconsistencies between the recorded values were used to identify and correct bugs in

the software. We are therefore confident that the software works as intended, and we hope that

HemoDownloader will prove just as useful to other field researchers studying diabetes

mellitus.

Please note that HemoDownloader is intended for use in epidemiological studies only. The

software is not approved as a medical device and must not be used as such. That means the

software must not be used on human beings for diagnosis, prevention, monitoring, prediction,

prognosis, treatment or alleviation of disease or any other medical purposes.

Conclusions

We have presented our utility HemoDownloader that can be used to export HbA1c data

recorded by the HemoCue HbA1c 501 device to standard file formats. We believe that Hemo-

Downloader has the potential to improve data management in research projects utilizing the

HemoCue HbA1c 501 for the study of diabetes mellitus in challenging environments such as

low- and middle-income countries.

Supporting information

S1 File. Source code for and compiled versions of HemoDownloader 1.1.

(ZIP)

PLOS ONE Open source software to extract data from HemoCue HbA1c 501

PLOS ONE | https://doi.org/10.1371/journal.pone.0242087 November 17, 2020 4 / 6

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0242087.s001
https://doi.org/10.1371/journal.pone.0242087


Acknowledgments

License information

HemoDownloader is open source software, licensed under the GNU General Public License

(GPL) version 3 [8].

HemoDownloader uses the open source Python libraries pyserial, XlsxWriter and Xlwt.

pyserial by Chris Liechti, XlsxWriter by John McNamara, and the parts of xlwt written by John

Machin and Manfred Moitzi are all released under BSD licenses. xlwt was forked from the

module pyExcelerator developed by Roman V. Kiseliov (roman@kiseliov.ru) that was released

under a modified BSD license. Portions of xlwt are based on the module pyXLWriter by

Evgeny Filatov and John McNamara, released under the GNU Lesser General Public License

version 2.1. The compiled versions of HemoDownloader were created using the program

PyInstaller, distributed under a modified GPL license.

HemoCue is a registered trademark of HemoCue AB (Ängelholm, Sweden). This research

was not supported by HemoCue AB.

Author Contributions

Conceptualization: Martin Rune Hassan Hansen.

Data curation: Martin Rune Hassan Hansen.

Funding acquisition: Martin Rune Hassan Hansen, Vivi Schlünssen, Annelli Sandbæk.

Investigation: Martin Rune Hassan Hansen.

Methodology: Martin Rune Hassan Hansen.

Software: Martin Rune Hassan Hansen.

Supervision: Vivi Schlünssen, Annelli Sandbæk.

Validation: Martin Rune Hassan Hansen.

Visualization: Martin Rune Hassan Hansen.

Writing – original draft: Martin Rune Hassan Hansen.

Writing – review & editing: Martin Rune Hassan Hansen, Vivi Schlünssen, Annelli Sandbæk.

References
1. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes—2018. Diabetes

Care. 2018; 41(Supplement 1):S13. https://doi.org/10.2337/dc18-S002 PMID: 29222373

2. Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2017 (GBD 2017)

Results. Seattle, United States: Institute for Health Metrics and Evaluation (IHME); 2018. Available

from: http://ghdx.healthdata.org/gbd-results-tool.

3. Colagiuri S. Glycated haemoglobin (HbA1c) for the diagnosis of diabetes mellitus—practical implica-

tions. Diabetes ResClinPract. 2011; 93(3):312–3. https://doi.org/10.1016/j.diabres.2011.06.025 PMID:

21820751

4. 6. Glycemic Targets: Standards of Medical Care in Diabetes—2019. Diabetes Care. 2019; 42(Supple-

ment 1):S61–S70. https://doi.org/10.2337/dc19-S006 PMID: 30559232

5. Hansen MRH, Jørs E, Sandbæk A, Sekabojja D, Ssempebwa JC, Mubeezi R, et al. Exposure to cholin-

esterase inhibiting insecticides and blood glucose level in a population of Ugandan smallholder farmers.

Occup Environ Med. 2020. Epub 2020/07/08. https://doi.org/10.1136/oemed-2020-106439 PMID:

32632029.

PLOS ONE Open source software to extract data from HemoCue HbA1c 501

PLOS ONE | https://doi.org/10.1371/journal.pone.0242087 November 17, 2020 5 / 6

https://doi.org/10.2337/dc18-S002
http://www.ncbi.nlm.nih.gov/pubmed/29222373
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1016/j.diabres.2011.06.025
http://www.ncbi.nlm.nih.gov/pubmed/21820751
https://doi.org/10.2337/dc19-S006
http://www.ncbi.nlm.nih.gov/pubmed/30559232
https://doi.org/10.1136/oemed-2020-106439
http://www.ncbi.nlm.nih.gov/pubmed/32632029
https://doi.org/10.1371/journal.pone.0242087


6. Hansen MRH. Exposure to pesticides in present-day use, diabetes mellitus and lung function

impairment. PhD thesis, 2020. Aarhus University, Aarhus, Denmark. Available from: https://doi.org/10.

5281/zenodo.3775222

7. HbA1c 501 Analyzer Operating Manual Rev. 2016-05-04. Ängelholm, Sweden: HemoCue AB; 2016.
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