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SUMMARY
Aeromedical certificates are almost consistently denied to people with Type 1 Diabetes Mellitus
(T1DM) willing to fly. Sudden incapacitation risk due to unexpected hypoglycemic events is behind
that and has obviously to be avoided at any costs for the safety of both the pilot and all the other
people on the aircraft and on the ground, yet certificate denial has a heavy impact on working and
social life of people boasting high profile and cost professional requirements and has raised deep
concern in many patient associations. Due to that they are not homogeneously issued to commercial
pilots with insulin-treated (IT) Type 2 Diabetes Mellitus (T2DM) world-wide and, within Europe,
UK, Austria e Ireland have allowed insulin-treated pilots to fly for the last few years according to a
strict protocol requiring repeated finger pricking. This paper deals with newer subcutaneous
continuous glucose sensors by describing technical and safety characteristics of the latter and thus
providing the reader with as clear as possible an overview of devices based on ever improving
technology. This will hopefully raise a wider and wider discussion among regulators, AMEs and all
aviation stakeholders on the opportunity to exploit diagnostic advances for a legally, clinically and
operationally supportable, as well as, fully safety compliant way of proceeding in the flight sector as
for insulin treated pilots and the entire galaxy of flight professionals/operators.

DIABETES AND FLIGHT INTERNATIONAL FRAMEWORK
Aeromedical certificates are almost consistently denied to people with Type 1 Diabetes Mellitus
(T1DM) willing to fly but are not homogeneously issued to commercial pilots with insulin-treated
(IT) Type 2 Diabetes Mellitus (T2DM) world-wide. In fact, they are granted to IT-T2DM pilots by
ICAO (International Civil Aviation Organization) “Flexibility Standard” 1.2.4.9 [1] - based on an
estimated annual incapacitation rate of one to two per cent - and by Transport Canada and the U.S.
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FAA (Federal Aviation Administration) subject to strict requirements laid down in a protocol
permitting a special issuance for first-, second-, and third-class license. However, they are denied in
Italy, and the majority of other European Union countries, in case of both de novo applications and
license extension for newly diagnosed people. Despite being in line with EASA (European Aviation
Safety Agency) rules, this has a heavy impact on working and social life of people boasting high
profile and cost professional requirements and has raised deep concern in many patient associations.
Among the latter, ANIAD, the Italian National Diabetic Athletes Association, has strongly protested
at the national level for the last decade and acted as a tireless advocate against discrimination of its
members, starting from those involved in drone steering, sport flying and LAPL aircrafts and
progressively enlarging its area of interest thereafter.
An exception to European rules, however, is represented by a strict protocol utilized by UK, Ireland
e Austria to allow flight to pilots with T1DM or IT-T2DM according to specific operational
requirements [2] associated with glycated hemoglobin (HbA1c) and inflight self-monitoring blood
glucose (SMBG) levels high enough to prevent sudden hypoglycemia-related incapacitation. Such
protocol has the drawback of adopting HbA1c and SMBG levels far from best clinical practice
standards currently suggested for chronic micro- and macro-vascular disease complication prevention
[3] but is of course a good compromise between a fully closed and an open-minded attitude.
Sudden incapacitation due to unexpected hypoglycemic events has obviously to be avoided at any
costs for the sake of both the pilot and all the other people on the aircraft and on the ground.
Nevertheless timely glucose measurements involve a whole series of only apparently simple gestures
so that the pilot, during pre-flight operations or during no critical phases of the flight, has to catch
and hold the glucose meter, take a glucose strip out of its container and slip it into the meter’s reading
cell, catch and load the fingerstick with a needle to prick his own skin, wait for a blood drop to take
shape and get in contact with the strip, wait some 5 to 20 seconds depending on the device, read out
the result and take note of it. All this requires the pilot the use of both hands and causes divided
attention for at least 90 seconds despite being expected to keep highly focused on his task as well
throughout the flight.
Luckily enough, hand-free high technology devices have become available allowing continuous
glucose monitoring (CGM) in body fluids which let people know their own glucose levels by just
quickly scanning a skin-attached sensor and/or directly taking a glance at a display in front of them.

MAY GLUCOSE SENSORS HAVE AN IMPACT ON SAFE FLIGHT?
Such technology allows bloodless continuous glucose monitoring for many days or weeks in a row,
which offer a great advantage over SMBG, which by definition enables only a broken line to be drawn
by connecting discrete points.
The amount of literature available has greatly increased during the last few years documenting CGM
superiority in terms of improved glucose and HbA1clevels, dramatically reduced event number of,
and risk for, hypoglycemia, as well as, increased time in euglycemic range [4-14]. Further positive
features of CGM as compared to SMBG are tighter adherence to disease management, greater
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satisfaction for diabetes care and better quality of life, as well as, reduced costs in terms of
hypoglycemic events and consequent hospital admissions [15].
CGM may be performed according to procedures based on instruments differing from one another
and therefore warranting specific training but all have a very interesting feature as far as aviation
activities are concerned, i.e. the ability to predict glucose trends within the next few minutes based
on the slope of the curve describing previous concentrations and on the change rate of the most
recently measured levels. Glucose trends in fact allow the system to suggest timely actions to be taken
to prevent any possible incapacitating hypoglycemic glycemic events, as well as, any disabling
consequences of too high glucose levels including e.g. oversight errors or long-lasting drowsiness [69, 10].
DIFFERENCES AMONG VARIOUS CGM SYSTEMS
All CGM systems need a sensor to be applied on the skin by a micro-needle or subcutaneously
through a tiny skin incision. The sensor continuously measures glucose levels just below the skin and
sends data wirelessly to a display device via a transmitter.
Sensors measure glucose concentrations within the interstitial subcutaneous fluid (ISF) continuously,
thus requiring no troublesome repeated finger pricking and proving an incredibly higher number of
glucose values than SMBG [6]. They are classified as either real-time CGM (rtCGM) and
intermittently viewed CGM (iCGM) – see Fig. 1 -, also named flash glucose monitoring (FGM) – see
Fig. 2.

Figure 1. Dexcom G6 (rtCGM). 1. The automatic applicator (one-touch applicator) simply inserts a
small sensor just below the skin. 2. The sensor and transmitter: a thin sensor that continuously
measures glucose levels just below the skin and sends data wirelessly to a display device via a
transmitter. 3. Display device: an iOS or Android compatible smart device or a touch screen receiver
that displays blood glucose data in real time.
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Figure 2. The Abbott Freestyle libre 2.0 (FGM). To read the blood glucose just select the reading
option on the reader's display, pass it on the sensor applied to the arm by scanning, and read the blood
glucose on the reader display

Both systems are able to provide the above information including previous and current glucose levels
plus trends but, as outlined by the 2017 International Consensus Conference on Use of Continuous
Glucose Monitoring [17], rtCGMs continuously measure concentrations without any human
intervention while the only FGM available at the time of submitting our paper for publication provides
the needed information each time the user scans the sensor by either its specific reader or a
smartphone having a dedicated App. Opposite to old FGMs (FreeStyle Libre by Abbott Diabetes
Care), most utilized transcutaneous rtGCMs (Dexcom G5 by Dexcom Inc. and Medtronic Enlite by
Medtronic Inc.) and implanted rtGCMs (Eversense, Senseonic Inc.) available in Italy are equipped
with sound and vibration alarms for fast hypoglycemic of hyperglycemic trends. Recently FDA and
EMA approved Dexcom G6 and FreeStyle Libre 2.0 sensors have been significantly improved in
terms of utilization time and of personalized alarms, respectively.
A typical output printed by a woman wearing an FGM sensor is shown in Figs 3-6, showing how
user-friendly and self-explaining results are provided to the user and so how easy might be for the
pilot to get relevant and ready to use information on his own current and pending metabolic conditions
when displayed on the screen in front of him
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Figure 3 - Tracing from Dexcom G6 rtCGM. Individual patient adjusted upper and lower desired
glucose range levels are reported as yellow and red lines, respectively in the lower section of the
figure. In the upper section data are shown as derived from glucose monitoring including estimated
HbA1c (5.6%), average glucose levels (113 mg/dl), standard deviation (24 mg/dl), hypoglycemic risk
coding (red portion of the vertical bar = minimum) and percent time in the desired range (green
portion of the bar = 92%).
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Figure 4 – Device individually-tailored alarm settings
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Figure 5 – Graphic representation of glucose levels observed during the 24 hours.
indicate alarms
activating at glucose levels which, as a precautionary measure, the user defined as low enough to get
alerted in order to prevent any further decrease and obviously higher than strictly hypoglycemic
levels. Interestingly, throughout the observation time, 100% glucose curve keeps within the desired
range.
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Figure 6. Graphic representation of glucose levels observed during the 24 hours. Only 2 alarms are
present: they were activated at 05:04 and 23:39 (as shown in the lower section) with values
approaching the lower desired range level which, as a precautionary measure, had been set above
the hypoglycemic threshold.

WHAT’S NEW WITH SENSORS IN DIABETES MANAGEMENT
All CGM systems measure glucose in the ISF as opposed to SMBG devices providing blood glucose
(BG) concentrations. ISF and blood have different dynamics [18] so that some latency exists between
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the two compartments: to reach the equilibrium with BG ISF glucose takes about 30 min which have
now been brought down 5-10 min by suitable algorithms in most updated systems [19,20]. All this
might have some impact, yet shown to be clinically negligible, on device accuracy in case of
hypoglycemia [21-24].
Sensor wearing time is 14 days for the FGM, 5 to 7 days for most rtCGMs up to 10 days to the latest
G6 device [25] and 180 days for implantable Eversense [26,27]. The most relevant difference is
anyway the need for SMBG-based calibration at least twice a day for all rtCGM but G6, which in fact
is pre-calibrated and therefore acts as a standalone device exactly as automatically calibrated FGM.
FGM sensor working electric potential is much lower than the one needed by rtCGM, which enhances
signal stability [28] and employs Bluetooth Low Energy (BLE) for communication. Features of
different CGM systems are reported in Table I for immediate appraisal and comparison as available
at the time of paper submission within a tumultuously growing technological frame.
Table I. Features of different continuous glucose monitoring systems
Monitoring style

rtCGM

FGM

Devices

Medtronic Enlite, Dexcom G5
and G6, Eversense
Interstitial
Daily SMBG-based (not for
G6, stand-alone device)
5-7 days; 10 days for G6, 180
days for Eversense
Transcutaneous (intradermal
for Eversense)
Continuous, reader-visualized
after pressing a button

FreeSyle Libre, Freestyle
Libre 2.0
Interstitial
No, stand-alone device

Fluid under investigation
Calibration
Sensor wearing time
Sensor positioning
Access to glucose readings

14 days
Transcutaneo

Intermittent, visualized when
scanned by devoted reader/smartphone
Yes only for Eversense and G5 No
Yes only for G5 and G6
Yes

Interference by paracetamol
Stand-alone insulin dose
calculation
Hypo-/hyperglycemia alarms Yes
Yes for Libre2.0
Trend arrows
Yes
Yes
Operating conditions
Electric potential
LEP (low electric potential)
Transmission
Bluethouth
LEB (low energy bluethouth)
rtCGM = real time continuous glucose monitoring; FGM flash glucose monitoring; SMBG = self
monitoring blood glucose
As briefly anticipated, the most interesting feature as for any extreme working sets, like Aviation as
well as ICUs, CGM systems are endowed with is the represented by trend arrows, i.e. sort of artificial
horizon providing accurate information on pending glucose changes.
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In fact, an ever-enlarging body of literature reports on improved results after harnessing sensors in
the ICUs [29-33]. A horizontal arrow stays for a steady state, while up or down arrows side of current
glucose reading predict a significant forthcoming increase or decrease, respectively. This way the
system alerts the user at glucose readings still within the normal range and, thanks to specific
algorithms may even suggest what to do to stabilize glucose levels, i.e. ingest food or sweet beverages
or inject extra insulin boluses.
HOW CAN WE PROCEED FURTHER IN PRACTICE?
Whatever CGM system is chosen, then, such technology advances definitely improve working
efficiency of insulin treated flight personnel and might well represent a natural extension of the
protocol already adopted by UK, Austria e Ireland [2] although it should be stressed that, in order to
be clinically effective, CGM management requires a specific training. The latter should include full
understanding of best possible system utilization and result interpretation, knowledge about suitable
treatment adaptation strategies in response to alarming trend arrows [34,35].
However, we expect that (i) individual pilot aeromedical certification for use of a CGM might be
taken in due consideration by aviation regulators in order to suitably adapt the applicable medical
requirements to be adopted by the medical assessors. The validation, and might be even certification,
from aviation regulators in cooperation with diabetes specialists will be necessary before allowing
the new method to enter routinely cockpit activities, as well as, (ii) tested reliable assurance is
provided that adopted CGM systems function properly under even extreme flight conditions and fail
to interfere with flight instruments.
However, the above and other issues, including privacy in terms of consent to the right of access to
personal data for data registration, transmission, upload and download to specific platforms outside
the aircraft and accessible to third parties, have to be carefully examined before referring the matter
to devoted aviation institutions. Actually there are intricacies, involving different professional
competences so that we look forward to the possibility for Italy to raise a circle of experts from most
representative national diabetes societies, regulatory institutions, and patient associations to trace the
outlines of a new legally, clinically and operationally supportable, as well as, fully safety compliant
way of proceeding in the flight sector as for insulin treated pilots and the entire galaxy of aviation
professionals/operators.

FINANCIAL DISCLOSURES
No financial disclosures have to be declared by any Authors.

8

REFERENCES
1)

ICAO. International Civil Aviation Organism. doc.8984.-an/895, part III. Manual of Civil
Aviation

Medicine,

third

edition,2012.

[last

accessed

5th

February

2020].

https://www.icao.int/publications/Documents/8984_cons_en.pdf
2)

Mitchell SJ, Hine J, Vening J, Montague J, Evans S, Shaw KM, Frier BM, Heller SR, RussellJones DL. UK Civil aviation authority protocol to allow pilots with insulin-treated diabetes to
fly commercial aircraft. Lancet Diabetes Endocrinol. 5: 677-679, 2017

3)

Simons R, Koopman H, Osinga M. Would you fly with a pilot on insulin? Lancet Diabetes
Endocrinol 2014; 2: 446-447

4)

Strollo F, Simons R, Mambro A, Strollo G, Gentile S. Continuous glucose monitoring for inflight measurement of glucose levels of insulin-treated pilots. Aerosp Med Hum Perform
2019; 90: 735–737

5)

Pickup JC, Freeman SC, Sutton AJ. Glycaemic control in type 1 diabetes during real time
continuous glucose monitoring compared with self monitoring of blood glucose: metaanalysis of randomised controlled trials using individual patient data. BMJ. 2011:343:d3805.
doi: 10. 1136/bmj.d3805.

6)

Juvenile Diabetes Research Foundation Continuous Glucose Monitoring Study Group,
Continuous glucose monitoring and intensive treatment of type 1 diabetes. N Engl J Med
2009; 359: 1464-1476

7)

Beck RW, Riddlesworth T, Ruedy K, Ahmann A, Bergenstal R, Haller S, Kollman C, Kruger
D, McGill JB, Polonsky W, Toschi E, Wolpert H, Price D; DIAMOND Study Group. Effect
of Continuous Glucose Monitoring on Glycemic Control in Adults With Type1 Diabetes
Using Insulin Injections: The DIAMOND Randomized Clinical Trial. JAMA 2017, 317: 371378

8)

Lind M, Polonsky W, Hirsch IB, Heise T, Bolinder J, Dahlqvist S, Schwarz E, Ólafsdóttir AF,
Frid A, Wedel H, Ahlén E, Nyström T, Hellman J. Continuous Glucose Monitoring vs
Conventional Therapy for Glycemic Control in Adults With Type 1 Diabetes Treated With
Multiple Daily Insulin Injections: The GOLD Randomized Clinical Trial. JAMA 2017; 317:
379-387

9)

Battelino T, Conget I, Olsen B, Schütz-Fuhrmann I, Hommel E, Hoogma R, Schierloh U, Sulli
N, Bolinder J; SWITCH Study Group. The use and efficacy of continuous glucose monitoring
in type 1 diabetes treated with insulin pump therapy: a randomised controlled trial.
Diabetologia 2012; 55: 3155-3162

10)

Bolinder J, Antuna R, Geelhoed-Duijvestijn P, Kröger J, Weitgasser R. Novel glucose-sensing
technology and hypoglycaemia in type 1 diabetes: a multicentre, non-masked, randomised
controlled trial. Lancet 2016; 388(10057): 2254-2263

9

11)

Haak T, Hanaire H, Ajjan R, Hermanns N, Riveline JP, Rayman G. Use of Flash GlucoseSensing Technology for 12 months as a Replacement for Blood Glucose Monitoring in
Insulin-treated Type 2 Diabetes.Diabetes Ther 2017; 8: 573-586

12)

Campbell FM, Murphy NP, Stewart C, Biester T, Kordonouri O. Outcomes of using flash
glucose monitoring technology by children and young people with type 1 diabetes in a single
arm study.Pediatr Diabetes 2018; 19: 1294-1301

13)

Dunn TC, Xu Y, Hayter G, Ajjan RA. Real-world flash glucose monitoring patterns and
associations between self-monitoring frequency and glycaemic measures: A European
analysis of over 60 million glucose tests. Diabetes Res Clin Pract 2018; 137: 37-46

14)

van Beers CA, DeVries JH, Kleijer SJ, Smits MM, Geelhoed-Duijvestijn PH, Kramer MH,
Diamant M, Snoek FJ, Serné EH. Continuous glucose monitoring for patients with type 1
diabetes and impaired awareness of hypoglycaemia (IN CONTROL): a randomised, openlabel, crossover trial. Lancet Diabetes Endocrinol 2016; 4: 893-902

15)

Aleppo G, Ruedy KJ, Riddlesworth TD, Kruger DF,Peters AL, Hirsch I, Bergenstal RM,
Toschi E, Ahmann AJ, Shah VN, Rickels MR, Bode BW, Philis-Tsimikas A, Pop-Busui R,
Rodriguez H, Eyth E, Bhargava A, Kollman C, Beck RW; REPLACE-BG Study Group.
REPLACE-BG: A Randomized Trial Comparing Continuous Glucose Monitoring With and
Without Routine Blood Glucose Monitoring in Adults With Well-Controlled Type 1 Diabetes.
Diabetes Care 2017; 40: 538-545

16)

Bruttomesso D, Laviola L, Avogaro A, Bonora E, Del Prato S, Frontoni S, Orsi E, Rabbone
I, Sesti G, Purrello F; of the Italian Diabetes Society (SID). The use of real time continuous
glucose monitoring or flash glucose monitoring in the management of diabetes: A consensus
view of Italian diabetes experts using the Delphi method. Nutr Metab Cardiovasc Dis 2019;
29: 421-431

17)

Danne T, Nimri R, Battelino T, Bergenstal RM, Close KL, DeVries JH, Garg S, Heinemann
L, Hirsch I, Amiel SA, Beck R, Bosi E, Buckingham B, Cobelli C, Dassau E, Doyle FJ 3rd,
Heller S, Hovorka R, Jia W, Jones T, Kordonouri O, Kovatchev B, Kowalski A, Laffel L,
Maahs D, Murphy HR, Nørgaard K, Parkin CG, Renard E, Saboo B, Scharf M, Tamborlane
WV, Weinzimer SA, Phillip M. International Consensus on Use of Continuous Glucose
Monitoring. Diabetes Care 2017; 40: 1631-1640

18)

Cengiz E, Tamborlane WV. A tale of two compartments: interstitial versus blood glucose
monitoring. Diabetes Technol Ther. 2009; 11(Suppl 1): S11e6.

19)

Ajjan RA. How Can We Realize the Clinical Benefits of Continuous Glucose Monitoring?
Diabetes Technol Ther 2017; 19: S27-S36

20)

Roe JN, Smoller BR. Bloodless Glucose Measurements. Crit Rev Ther Drug Carrier Syst
1998; 15: 199-241

10

21)

Bailey T, Bode BW, Christiansen MP, Klaff LJ, Alva S. The Performance and Usability of a
Factory-Calibrated Flash Glucose Monitoring System. Diabetes Technol Ther 2015; 17: 787794

22)

Pleus S, Schoemaker M, Morgenstern K, Schmelzeisen-Redeker G, Haug C, Link M,
Zschornack E, Freckmann G. Rate-of-Change Dependence of the Performance of Two CGM
Systems During Induced Glucose Swings. Diabetes Sci Technol 2015; 9: 801-807

23)

Rodbard D. Characterizing accuracy and precision of glucose sensors and meters. J Diabetes
Sci Technol 2014; 8: 980–985

24)

Boscari F, S Galasso S, Acciaroli G, Facchinetti A, Marescott MC, Avogaro A, Bruttomesso
D. Head-to-head comparison of the accuracy of Abbott FreeStyle Libre and Dexcom G5
mobile. Nutr Metab Cardiovasc Dis 2018; 28: 425-427

25)

Ajjan RA, Cummings RM, Jennings P, Leelarathna L, Rayman G, Wilmot EG. Accuracy of
Flash Glucose Monitoring and Continuous Glucose Monitoring Technologies: Implications
for Clinical Practice. Diab Vasc Dis Res 2018; 15: 175-184

26)

Kropff J, Choudhary P, Neupane S, Barnard K, Bain SC, Kapitza C, et al. Accuracy and
Longevity of an Implantable Continuous Glucose Sensor in the PRECISE Study: A 180-Day,
Prospective, Multicenter, Pivotal Trial. Diabetes Care 2017; 40: 63-68

27)

FDA authorizes first fully interoperable continuous glucose monitoring system, streamlines
review

pathway

for

similar

devices.

https://www.fda.gov/news-events/press-

announcements/fda-authorizes-first-fully-interoperable-continuous-glucose-monitoringsystem-streamlines-review, [last accessed 5th February 2020].
28)

Feldman B, Brazg R, Schwartz S, Weinstein S. A Continuous Glucose Sensor Based on Wired
Enzyme Technology -- Results From a 3-day Trial in Patients With Type 1 Diabetes. Diabetes
Technol Ther 2003; 5: 769-779

29)

Preiser JC, Lheureux O, Thooft A, Brimioulle S, Goldstein J, Vincent JL. Near-Continuous
Glucose Monitoring Makes Glycemic Control Safer in ICU Patients. Crit Care Med 2018; 46:
1224-1229

30)

Zhou T, Dickson JL, Shaw GM, Chase JG. Continuous Glucose Monitoring Measures Can
Be Used for Glycemic Control in the ICU: An In-Silico Study. J Diabetes Sci Technol 2018;
12: 7-19

31)

Preiser JC, Chase JG, Hovorka R, Joseph JI, Krinsley JS, De Block C, Desaive T, Foubert L,
Kalfon P, Pielmeier U, Van Herpe T, Wernerman J. Glucose Control in the ICU: A Continuing
Story. J Diabetes Sci Technol 2016; 10: 1372-1381

32)

Honiden S, Inzucchi SE. Metabolic Management during Critical Illness: Glycemic Control in
the ICU. Semin Respir Crit Care Med 2015; 36: 859-869

11

33)

Punke MA, Decker C, Petzoldt M, Reuter DA, Wodack KH, Reichenspurner H, Kubik M,
Kluge S. Continuous glucose monitoring on the ICU using a subcutaneous sensor. Med Klin
Intensivmed Notfmed 2019; 110: 360-320

34)

Demir G, Özen S, Çetin H, Darcan Ş, Gökşen D. Effect of Education on Impaired
Hypoglycemia Awareness and Glycemic Variability in Children and Adolescents with Type
1 Diabetes Mellitus. J Clin Res Pediatr Endocrinol 2019; 11: 189-195

35)

Aleppo G, Webb K. Continuous Glucose Monitoring Integration in Clinical Practice: A
Stepped Guide to Data Review and Interpretation. J Diabetes Sci Technol. 2019; 13: 664-673

12

