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Abstract

Background: Recreational scuba diving has been authorizedyfme 1 diabetics over 18 years
old — the age of majority in France — since 20Q4,ibremained forbidden for younger diabetics
by the French underwater federation (FFESSM). Heme,present a study to evaluate 1) the
conditions under which diving could be authorized I4- to 18-year-olds) with type 1 diabetes
and 2) the value of continuous glucose monitori@& 1) while diving. A secondary objective
was to monitor the impact of diving on the teenageguality of life.

Subject and methods: Sixteen adolescents (14-17.5 years old) were deduDiabetes was
known for 6 years (range, 1-14) and HblAc was 9@&hge, 7.7-11.9). The study was
conducted in Mayotte with both capillary glycem@&Q3) and CGM measurements taken during
five dives.

Results: the average CG prior to diving was 283 mg/dL aadréased by 75£76 mg/dL during
the dive. No hypoglycemia occurred during the diaed four episodes occurred after. Glycemia
variations during dives and for the overall dunatad the study were greater than for adults, most
likely due to the general adolescent behavior, bigteegarding diet and diabetes management.
CGM was greatly appreciated by the adolescentsy Tihd an overall satisfactory quality of life.
No significant variations were observed duringehére course of the study.

Conclusions: Although in need of further studies, these pretany results show that CGM can
be used while diving. CGM records show a continuterrease of glycemia during dives. Based
on these results, the French underwater federaismow authorized diving for adolescent type
1 diabetics following a specific diving protocolathincludes HbAlc < 8.5%, autonomous
management of diabetes by the adolescent, reduatiorsulin doses, and target glycemia prior

to the dive > 250 mg/dL.
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1. Introduction

Over the past 60 years, diabetics have adjustadlifiestyle to their disease. Sports were
either forbidden or not recommended. In 1998, tmenéh Society for Diabetes (Société
Francophone du Diabéte, SFD) recommended physitigitg and sports for diabetics [1]. At the
time, recreational scuba diving, however, remaiardemblematic sport forbidden for patients
with type 1 diabetes (T1D), notably in France. Thain reason for the interdiction was the
potential risk of hypoglycemia during the dive aheé subsequent risk of drowning. However,
this risk remained a hypothesis that has neithen lpgoven nor even assessed. At the end of the
1990s and beginning of the 2000s, several studiesbly conducted in partnership with the
Diver Alert Network (DAN) and divers from the UK#ga diving associations (British Sub-Aqua
Club (BSAC), the Sub-Aqua Association (SAA), ane tBcottish Sub-Aqua Club (SSAQC)),
demonstrated that T1D divers did not have morendi@ccidents than other divers [2-5]. In other
words, there is no increased risk for T1D divensFtance, the situation started to evolve in 2004
following a French scientific study [6]. The Frenahderwater federation (FFESSM) allowed
recreational diving for type 1 diabetics in itsilfed diving clubs. Several specific restrictipns
however, were applied such as a maximum dive tih@ onin, a maximum depth of 20 m with a
guide, etc. [6]. The results of these various ®sidj2-6] led to the establishment of an
international frame of reference, in 2005, for i@ triteria that need to be met for T1D patients
who want to dive and 2) an insulin and blood glecosgnagement protocol on the day of diving

(hereafter referred to as the diving protocol) [f-1Further studies have confirmed that the
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diving protocol can also be used for warm-watelirgj\f12], showed the safety of recreational
nitrox use for T1D divers [12], and demonstrated ttalue of continuous glucose monitoring
(CGM) during recreational diving [13, 14]. Betwe2005 and 2015, there were no T1D divers
involved in the 270-300 yearly accidents registérgthe FFESSM. In light of these new results,
the restrictions imposed on D1T divers by the FRAS®re re-evaluated in February 2015. T1D
divers over 18 years of age — the age of majoritfFiance — now have access to autonomy
between 0 and 20 m and the diving protocol has beedified for experienced T1D divers
(FFESSM level 2 = CMAS** (Confédération mondialesdectivités subaquatiques) divers) with
increased diving time, the possibility of ingestisggar underwater, etc. [15]. However,
recreational diving remained forbidden for T1D adaglkents, i.e., 14- to 18-year-olds. This
restriction is notably due to the lack of knowledgethe potential effects of scuba diving on T1D
adolescents. To our knowledge, there has only beenstudy conducted on seven adolescent
(16—17 years old) novice divers [16]. During thigdy, capillary glycemia (CG) was measured
prior to (60, 30, and 10 min) and after diving fartotal of 42 dives. It was noted that
hypoglycemia was relatively rare over the coursthefstudy, although male adolescents showed
a marked pre- to post-dive CG decline. Conversalfgh occurrence of hyperglycemia was
recorded during the study. The study concludedttieutility and impact of a deliberate increase
of glycemia prior to the dive remained to be esshield. The strong need to extend the database
for young T1D divers was also underlined [16].

Here, we present a new study on T1D adolescentrgdiwgth a larger number of
adolescents (16) and dives (74). For the first time used a commercially available CGM
system (FreeStyle Libfe Abbott; see section 2.3) to follow how the intitia glycemia evolved
during the dive and over the overall duration @& gtudy. Along with CGM, CG was measured

prior to and after diving. We tested the effectaddfing on various parameters (glycemia, both
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capillary and interstitial; insulin doses; carbofaté intake, long-term HbAlc; etc.) for the 16
T1D adolescent divers. The main objectives of #igly were to study glycemia variations for
T1D adolescents during dives, to determine whe@i@M could be used when diving, to define
criteria for adolescent novice T1D divers, and toppse a diving protocol notably for insulin
management and recommended glycemia prior to divksga secondary objective, we tried to
evaluate the impact of this sports project, cedtere scuba diving, on the well-being of the
adolescents. Based on these results and our psegiqerience [6, 9, 10, 12, 15], we transferred
the criteria and diving protocol of the FFESSM TdiD adults to adolescents. We thus proposed
1) a reference framework for the criteria to auttediving for T1D adolescents and 2) a diving
protocol specifically adapted to these divers. Budkie been endorsed by the French underwater

federation [17]. We also confirm the value of CGd T1D divers.

2. Material and methods

2.1. Patientsand inclusion criteria

Based on their desire to participate in the studg, T1D adolescents were referred by
their endocrinologist to the MDs in charge of thedy. The inclusion criteria were to:

- be > 14 years and < 18 years old in October 20i5date of the study;

- have a medical certificate for diving signed byMiD accredited by the FFESSM;

- accept the diving protocol proposed for the stuge(section 2.2);

- be able to autonomously monitor the blood glucesel| and follow the capillary glycemia
and the continuous interstitial glucose monitorprgtocols during the study (see section
2.2);

- complete the survey on their quality of life (seetion 2.2);

- be a certified French level 1 (CMAS*) diver befdhe start of the study in Mayotte;



- sign written informed consent and have parentahfgsion.

We chose to have no a priori exclusion criteriaebdasn HbAlc given that 60% of the
patients in the age range considered showed arglgaenbalance. The goal was to check the
implications of this imbalance on diving and toaddish whether limits should be implemented
in the diving protocol.

Patients having other medical contraindications dosing such as asthma, epilepsy,
cardiopathy, ENT pathology, mental disorder, etere excluded from the study.

2.2. Study design

Prior to the study in Mayotte, between January September 2016, each participant had
to enroll in a FFESSM diving club to obtain the ek diving level 1 (equivalent to a CMAS*
diver) and be insured for diving. During the letetourses, adolescents used the adult FFESSM
T1D diving protocol. Since the adolescents cammfwarious areas of France, the courses were
conducted either in swimming pools or at sea. Tlegree was finally validated for all
metropolitan French adolescent divers by two dindbe Mediterranean Sea in Marseille in July
2016. Adolescent divers from Mayotte were certif@dea.

The study was conducted in Mayotte in October 20t®& medical staff included three
diabetologists and two nurses. The nonmedical sta§ composed of three members of the
French nonprofit association “Diabéte et Plongé&aketes and Diving) — all of them T1D and
experienced divers — and four activity organiz&tsere was no dive on the first day of the study
(DO). Then the T1D adolescents made one daily aiveetween 12 and 20 m, over 5 days (D1-
D5). They were supervised by dive instructors atmbmpanied by diabetologists (some of them
also diving instructors). The adolescents divednfriwo boats with both diabetologists and

nurses onboard. The nurses stayed onboard duengjubs to ensure safety.



The medical protocol included CGM over the courdeth® entire study. This was
completed by CG before every meal (morning, noon, @vening) and 60, 30 and 5 min before
diving and just after diving (hereafter referrecaoT-60, T-30, T-5, and T+DT, with DT = dive
time). The glycemia variation during the dive wafined as the difference between the CG
measured just after the dive (T+DT) minus that mess$ at T-5. CG and CGM results were
systematically compared. An individual meeting wehch adolescent was conducted every
morning and evening. Meals were elaborated by atidie from a local nonprofit association
(Rediabylang) and took into account the specifetsiof some of the adolescents: five halal, one
vegetarian, and one low-gluten.

To evaluate the impact of the sports project obeties balance, HbAlc was monitored at
the time of inclusion, i.e., between 10 and 4 meitéfore the study in Mayotte, when the French
first diving degree was validated, a few days ptoothe start of the study in Mayotte, then 3 and
6 months after the study.

To evaluate the impact of diving and, more gengrall taking part in a long-term sports-
based project, on the well-being of the teenageesused the standard French survey on the
perceived quality of life “VSP-A vécu et santé perge I'adolescent.” The teenagers completed
this survey three times: at inclusion in the studgt after their stay in Mayotte, and 6 months
later.

The diving protocol was initially the one used fadults but was modified by the
diabetologists during the study (see sections 34an8or example, after the first dive, the target
glycemia level prior to the dive (T-5) was incre$eom > 200 to > 250 mg/dL. For this study,
ketonemia was systematically measured when blagzbge was higher than 300 mg/dL at T-60.

All participants and their parents gave their wntinformed consent.

2.3. Material



Interstitial glucose levels and tendencies (ingéidaby five types of arrows: steep
ascending, ascending, stable (horizontal), desngndteep descending) were measured using the
FreeStyle Libr& (Abbott) continuous glucose monitoring system. @ad ketonemia were
measured using Optium Medis&rend Optium FreeStylestrips (Abbott), respectively.

During dives sensors were protected either by agmata TegaderH{ film (3M) or by
kinesiotherapy tape (K-tafe The latter solution proved the most efficientdathe most
appreciated by the adolescent divers.

Dives were made using 12-L air-filled steel tankd &-mm wetsuits without a hood.

When needed, carbohydrate intake consisted of dsoiks, fruit juices, chocolate or

cereal bars, or dried fruit.

3. Results

Sixteen adolescents (five girls and 11 boys) werduded in the study: 15 from
metropolitan France and one from Mayotte. The ayerge was 15.6 + 1.0(Ryears (range,
14-17.5). The subjects’ weight was 63.2 = 7.5 legd@e, 57—-76) and 64.6 + 13.8 kg (range, 51—
100), height 163.0 £ 7.6 cm (range, 155-175) ar@l11& 9.0 cm (range, 156-183), and body
mass index (BMI) 23.8 + 5.3 kgfnfrange, 20.6—-27.9) and 22.5 + 7.1 k§ffrange, 17.6—30.9)
for girls and boys, respectively. T1D was known doraverage of 6.3 + 3.9 years (range, 1-14).
Seven adolescents were treated with multiple ilgestand nine with an insulin pump. The
insulin pump needs to be disconnected just prioditong and reconnected shortly after.
Reconnection was forgotten a few times by the adelets during the study. At the date of
inclusion, the average insulin dose was 64.9 + 118.gange, 38-95), i.e., 0.93 + 0.85 IU/kg/day
(range, 0.4-1.90) with no noticeable male/femafeedince, and the average HbAlc was 9.0 +

1.1% (range, 7.7-11.9).



In Mayotte, one daily dive had been planned oveays, for a total of 80 dives. Seventy-
four dives were actually performed, between 12 2&dn deep, in water at 28°C. The average
dive duration was 47.8 min (range, 40-58). Thers m@abarotraumatic incident. Six dives had to
be cancelled: three because one of the adoles@htbhavior difficulties, one because of
positive ketonemia, one because of low blood spgar to diving, and one because of muscle
cramps.

The average CG before immersion (T-5) was 283 mdltiere was an average decrease
of 75 £ 76 mg/dL (&, range, —117 to +239) during the dive (Fig. 1)e ecrease was observed
for both males (-50 + 78 mg/din, = 43 dives) and females (-118 + 68 mg/dLs 24 dives).
There were 16 occurrences of CG above 300 mg/dl-&0. Thirteen ketonemia readings were
between 0.2 and 0.5 mmol/b<13) and three values were higher: 0.6, 1.4, ahdrZnol/L. The
dive was cancelled for the adolescent with ketoaeashi2.1 mmol/L. The ketonemia value of 1.4
decreased to O after 45 min, and the adolescenaleaged to dive.

Eight post-dive CG readings were below 100 mg/dle between 60 and 100 mg/dL and
three between 40 and 60 mg/dL. Four occurred or di¢, which was characterized by
underwater current, hence likely requiring moremse physical effort due to increased finning.
There were carbohydrate intakes prior to threehesé¢ eight dives. The CG and CGM prior to
(T-5) were above 200 mg/dL for six of these eightsd. One dive had a T-5 CG of 107 mg/dL
and a concordant CGM of 122 mg/dL with a steep ratiog tendency arrow. This led the
medical staff to allow the dive. Finally, for on&vel, there was a strong discrepancy between the
CG (130 mg/dL) and the CGM (276 mg/dL). The medsialff chose to use the CGM value,
which was less prone to a dilution effect (see Wwedmd section 4.3). For these eight dives, the

tendency arrows were: stable=@), no indication rf=1), steep ascendingX1), and steep



descendingr=2). For the latter, there was a 20-g carbohydrdatke for one dive but not for the
other as the T-5 CG was 248 mg/dL.

On the 1 day of the study (DO, no dive), the average tdtly insulin dose was 58.9 +
17.3 IU. An average decrease of total, base, arndsbmsulin of 16.3, 11.3, and 16.3%,
respectively, occurred between DO and D5. Howefar adolescents increased their insulin
doses during the study.

CGM values were logged before each meal as wdbtwastimes prior to and after diving
(T-60, T-30, T-5, and T+DT). A total of 650 CGM nseaements (interstitial glycemia) were
recorded together with the glucose tendenciescateldl by arrows in the FreeStyle Libre®
system.

Prior (T-5) and immediately after the dive (T+D1)e CGM values were often higher
than the CG values: on average 33 + 13) (ing/dL (range, 7—-49) and the average offset
increased slightly to 46 + 3 §1 mg/dL after the dive but stayed within error (Blgmentary
Table S1). Of the 296 tendency arrows recordedd{vds with arrows recorded at T-60, T-30,
T-5, and D+DT), 29.4% showed stability, 13.2% a sgratk increase, 15.5% a strong increase,
11.5% a moderate decrease, 8.1% a strong deceeab®,4% a “HI” indication, i.e., interstitial
glycemia > 500 mg/dL. Tendency arrows were usquetmit dives in seven specific cases: once
with a CG at 107 mg/dL and six times with CG betw&80 and 150 mg/dL. There was one case
of a strong discrepancy between the CG (130 mgéhid) the CGM (276 mg/dL). The medical
staff concluded in an altered reading of the CG ttudemodilution (wet finger due to the
environment + seawater; see section 4) and toolC@# value into account. CG after the dive
was 94 mg/dL.

CGM values logged every 15 min for eight diversinigithe dive showed continuous and

gradual variations of the interstitial glucose leshering the dive (Supplementary Table S2). The
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sensor appears to be insensitive to a prolonged wstder seawater. The adolescents gave a
satisfaction score of 9.3 out of 10 for the Fre&Stybre CGM device.

During the stay in Mayotte, five insulin-pump ca#rs and four CGM sensors were torn
off and two CGM sensors temporarily stopped fumstig. Twenty-seven benign hypoglycemia
(< 60 mg/dL) and 64 hyperglycemia (> 300 mg/dL) sepies were recorded out of 240
measurements, as well as three cases of ketosimékeia > 0.6 mmol/L).

There were no significant variations of HbAlc frpnior to the stay in Mayotte and 3 and
6 months after the study.

The adolescents gave a satisfaction score of 8 5fal0 for the stay in Mayotte during
the study. To the question “do you think you wiintinue diving,” ten answered yes, three did
not know, one will stop, and two did not answereThsults of the VSP-A quality-of-life survey
completed by the adolescents at inclusion in thdystat the end of the stay in Mayotte, and 6
months after are summarized in Supplementary T&BleOverall, the adolescents experienced
good psychological well-being. No significant vdioas were observed during the entire course
of the study (from inclusion to 6 months after Magh Four adolescents exhibited more fragile
psychological behavior during the stay in Mayoftkeeir overall glycemia variability during the
stay and glycemia decrease while diving was hitfinen that of the rest of the group.

Finally, it is worth noting that during the studg Mayotte, insulin management by
adolescents included forgotten boluses, prolongetsulin-pump disconnection, and
overcorrection of hyperglycemia, which made therptetation of the results more complex than

for adults but also reflects the reality of managgiliving for T1D adolescents.

4. Discussion
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Based on several medical studies [2-12], the badiwing for adults with T1D has been
lifted in many countries over recent years andatbsociated restrictions have been progressively
loosened. However, for T1D adolescents (14-18 ye#ty scuba diving remained strictly
prohibited. There is a considerable lack of knowykedn the subject with only one medical study
available [16]. There are also specific issues @astml with adolescents such as a greater
variability of glycemia levels due to hormonal ches, potential distraction in insulin and diet
management, etc. The risk of underwater hypoglyagsia major concern for T1D divers. In the
present study, we closely monitored glycemia changgor to and after the dive as well as
during the dive using both CGM and CG. We also evqul the general effect of diving on the
teenagers’ short- and long-term well-being.

Both the average CG variations and the standarziit@v during the dive for adolescents
(=75 £ 76 mg/dL) seemed to be higher than for ad(#60 + 64 mg/dL) [6, 9-12] (Table 1).
Greater glycemia variability while diving has, howge, already been observed for adults diving
in warm waters, most likely due to longer dive tar{@able 1). For adolescents there were more
episodes of hypoglycemia, hyperglycemia, and ketasitside of the dives than for adults.
Despite a higher target glycemia prior to diving &mlolescents (250 mg/d vs. 200 mg/dL for
adults) the number of dives that required carbcdgdintake before diving (20%) was lower than
for adults (47%) while the average intake was €im{B4 and 28 g for adolescents and adults,
respectively). This can probably be partly expldifgy a more erratic diet for the adolescents.
The differences between adults and adolescensuanmarized in Table 1.

Contrary to the study by Pollock et al. [16] whemely male adolescents showed a
decrease of the glycemia during the dive, in thuglg a decrease was observed for both male and

female adolescent divers.
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It is worth noting that practicing a regular phygiactivity would presumably minimize
the glycemia decrease, hence the risk of hypoglicaifter several days of diving. However, the
glycemic reaction to diving over the study was famifor all the adolescents. A possible
explanation is that none had a regular physicaviacprior to the study.

The overall insulin reduction (16.3%) was approxieha 40% lower than for adults
(25.8%) (Table 1). However, as some adolescentwesth@ tendency to hypoglycemia at night,
likely indicating that insulin doses were too higie recommend a decrease of the basal insulin
dose of at least 20% the day before the first diveé a decrease of the bolus prior to diving of
50%. In addition, hyperglycemia corrections priar the dive should be limited. These
recommendations are similar to those prescribetiencase of a prolonged physical activity of
moderate intensity [1, 18].

Carbohydrate intake before diving — following theidg protocol — was limited (15 dives
out of 74 (20%) with an average intake of 34 g/§liaéthough the CG target prior to the dive was
raised from > 200 to > 250 mg/dL given the highcgiyia variability observed during the first
day of diving (see below). This can be explainedh®yfact that the overall carbohydrate intake
outside of the diving times was high. It is wortbting that eight of the 15 dives that required
carbohydrate intake concerned two adolescents. arheunt of carbohydrate ingested was
appropriate and identical to what is recommende@dallts.

During the study, the reconnection of the insulimp after the dive was forgotten a few
times. Therefore, it appears that diving with asuim pump requires a certain level of maturity
and/or skill in the management of the device oeexl monitoring by an adult.

The adult T1D diving protocol adopted by the Frenoderwater federation was followed
as an initial reference. However, we decided toease the target glycemia prior to diving to >

250 mg/dL given the considerable glycemia varigbbserved during the first dive (from —226
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to +117 mg/dL). The average CG at T-5 was 283 m@eb9). Eight dives ended up with a CG
below 100 mg/dL (T+DT). In a few cases, CG valuesenmuch lower than CGM values prior to
and after diving. It is indeed unusual to have C@&\Mues higher than CG. A possible cause is the
humidification and/or the weakening of the fingexdp due to prolonged exposure to seawater
and a consequent hemodilution. Having a perfecthfidger onboard a diving boat, i.e., in a wet
and sea-salt-covered environment, is indeed vdficdi. Another hypothesis is the delayed
reaction between the CGM and the CG (ca. 10-15rkinjvever, the CGM devices did not
indicate a decreasing tendency for interstitiatgtyia. This is further confirmed by the fact that,
based on the CGM results, the medical staff authdrithree dives that would have been
forbidden based on CG and no hypoglycemia occudwihg these dives. Therefore, CGM
appears to be a very useful additional control eewnhile diving, notably because it allows one
to closely follow changes in glycemia prior to thge. Applying the precautionary principle, we
recommend a target glycemia for adolescent divéedSG>mg/dL prior to diving and no dive if the
CG is < 200 mg/dL. During the study, however, si@®BM was available, the medical staff
authorized dives for CG between 160 and 200 mg/dentthere was a tendency arrow showing
increasing glycemia. This approach could be comsdian the future for trained and experienced
adolescent divers with CGM as well as for patievita well-balanced T1D.

Post-dive extraction of the CGM values (every 18)nfiom the record during dives were
in agreement with what is expected from a contirsuand gradual evolution and did not seem to
be affected by pressure (approximately 3 bars). (EigSupplementary Table S2). In the eight
cases where CG was < 100 mg/dL at T+DT, there wgradual decrease of approximately 20%
every 15 min. Contrary to what was observed in iptey studies [12], the decrease was not
accentuated after 30 min of diving, probably beeanfsthe absence of a noticeable effect of the

cold in Mayotte (water temperature,®28. If the CGM values could have been read durirgy t
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dive, values < 150 mg/dL would have led to endimg dive 15 and 30 min earlier for three and
two dives, respectively.

CGM therefore appears a very advantageous todalivarg. While the manufacturer does
not recommend the use of the FreeStyle Sbgabbott) for more than 30 min in water, the
results of this study (74 dives) show that this C@&¥ice appears to be robust underwater. The
slight increase in the offset between CG and CGMeolked just after the dives (section 3) is
likely due to the delayed reaction (10-15 min) bé tinterstitial compared to the capillary
glycemia. Overall, there were no long-term discrepes between the CG and CGM during the
overall duration of the study. Indeed, long-ternd apecific studies are needed to confirm these
preliminary results. In addition, the temperatuaege of sensor functioning (10—-40°C) has to be
taken into account during the dive as well as pigoand after the dive. For example, during the
study, two sensors temporarily stopped functiorafigr the adolescents remained exposed to the
sun on the boat before diving. Hence, we recomntieadT1D divers should always have a CG
control device on the diving boat to supplement@iGM.

Physical activity is strongly recommended for adoénts. While all the outcomes of
physical activity on young T1D remain difficult téully assess, most studies show an
improvement of glycemic control and a decrease bAkt [19, 20]. However, young and
adolescent T1Ds seem to exercise less than heatftey. This is notably the case for female
adolescents and appears to begin at an early dgemain reasons for this appears to be 1) the
perception T1D adolescents have of themselves\asdha low capacity for physical exercise, 2)
the loss of control of the diabetes, 3) the avditsitof time for physical activity, and the feaf o
hypoglycemia [21]. Over the entire course of thisdyg (from the inclusion to 6 months after

Mayotte), there were no significant change in therage HbAlc in this group of adolescents.
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Finally, given the glycemia variability recordedtside of diving during this study, we

recommend limiting the diving activity to one diper day.

5. Conclusions

Young (14-18 years) T1Ds have high glycemia valitgbiHowever, there was no
underwater hypoglycemia despite this greater glyaarariability for T1D adolescent diabetics
compared to adults. In addition, despite substiawéiaability, the average decrease in glycemia
during the dive (=75 £ 76 mg/dl) argues for a daidie increase of glycemia prior to diving. We
therefore recommend a target glycemia level priodiving > 250 mg/dL. The reduction of
insulin doses for T1D adolescents was 40% lowen tloa adults. Based on these results, we
recommend a decrease of the basal and bolus pridiving of 20% and 50%, respectively.
While adolescents with sometimes high HbAlc werdutied for the purposes of the study, we
recommend HbAlc < 8.5% as a criterion for beinchauted to dive, in agreement with the
principle of precaution. Overall, diving did notduce any significant change on the long-term
HbAlc of the T1D adolescents. Finally, as a preiany test pending further investigation, this
study has shown that CGM can be used for divingandd prove to be an extremely valuable
complementary tool for diabetes management foradiNers.

A proposal for new regulations for adolescent TI#s has been made and accepted by
the French underwater federation [17]. Diving faugg (14-18 years old) T1Ds is therefore
authorized following the criteria and diving prodbdescribed in the appendix of Lormeau et al.
[6] with the following modifications: only the Freh level 1 (CMAS*), one dive/day, parental
authorization for diving, a parent or legal reprgagve present on the dive boat, a medical
certificate signed by a diabetologist or a pedi&r, HbAlc < 8.5%, no ketosis or severe

hypoglycemia in the 3 months prior to the issuanicthe medical certificate, and the ability to
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self-manage diabetes. Diving protocol: reductionnsilin doses (basal —20% and bolus —50%
prior to the dive), a target glycemia prior to tthiee (T-5) > 250 mg/dL, and the dive being
cancelled if < 200 mg/dL. No correction of hypegyia up to 300 mg/dL and a correction
bolus reduced by 50% if > 300 mg/dL. Glucose maimtp can be done either by capillary
glycemia (CG) or by an interstitial glucose morningrsystem (CGM). For patients using CGM,
we strongly recommend having a CG monitoring sysimmedundancy given that CGM sensors

can be torn off or malfunction, in particular besawf temperature changes.

Conflictsof inter est

The authors declare that they have no confliciatefest.

Acknowledgements

The completion of this study would not have beessgde without the full support of the
“Diabéte et Plongée” non-profit association, whishsincerely thanked for organizing and
coordinating the level 1 diver certification staydaransport in Marseille for adolescent divers in
France, as well as for the organization, finansiglport, and logistical coordination of the study
in Mayotte. “Diabete et Plongée” extends its thattkigs sponsors: Abbott, Dinno Santé, Sanofi,
Accenture, the Lions Club de la Baule, and the FFASWe thank Abbott for providing the
sensors and monitors for the FreeStyle Lfrentinuous glucose monitoring systems as well as
the Optium Mediseffs and Optium FreeStyfecapillary glycemia and ketonemia measuring
systems used in this study. We are also very thamnéfthe Nyamba diving club in Mayotte and
to the Wema Watrou non-profit association for sictaltural, and sports development in

Mayotte.

17



References
[1] Gautier JM, Berne C, Grimm JJ, et al. Actiitidysique et diabéte. Diabetes Metab 1998; 24: Z81-9

[2] Edge CJ, Dowse MS, Bryson P. Scuba diving \ithbetes Mellitus - the UK experience 1991-2001.
Undersea Hyperb Med 2005; 32: 27-37.

[3] Dear GD, Pollock NW, Uguccioni DM, et al. Plaarglucose responses in recreational divers with
insulin-requiring diabetes. Undersea Hyperb Med42@1.: 291-301.

[4] Edge C, Brysont P, Edmonds C, et al. Insulipatedent diabetes mellitus. In: Edmonds C, Lowry C,
Pennefather J et al. editors. Diving and Subaqiidicine (4 edition): CRC Press 2002, p. 581-95.

[5] Lerch M, Lutrop C, Thurm U. Diabetes and divirgin the risk of hypoglycemia be banned? SPUMS
J 1996; 26: 62-6.

[6] Lormeau B, Sola A, Tabah A, et al. Blood glueahanges and adjustments of diet and insulin doses
in type 1 diabetic patients during scuba diving €ahange in French regulations). Diabetes Mefdl52
31:144-51

[7] Pollock NW, Uguccioni DM, Dear G de L. editoBiabetes and recreational diving: guidelines ler t
future. Proceedings of the Undersea Hyperbaric bé@ociety/Divers Alert Network 2005 June 19
Workshop. Durham, NC 2005, 136 pp.

[8] Pollock NW, Uguccioni DM, Dear G de L. editoBiabetes and recreational diving: guidelines ler t
future - guidelines and executive summary. Divilygperb Med 2006;36:29-34.

[9] Tabah A, Lormeau B, Bresson R, et al. Diabetss diving: change in regulations? In: Grandjean B,
Meliet JL. editors. Proceedings of thé"38nnual Meeting of the European Undersea and Badarak
Society; Ajaccio, France 2004, p 82-9.

[10] Tabah A, Lormeau B, Dufaitre L, et al. Sculpardy with diabetes mellitus: French data, procegur
and regulations. In: Pollock NW, Uguccioni DM, addar G de L. editors. Diabetes and recreational
diving: guidelines for the future. Proceedingstaf tUndersea Hyperbaric Medical Society/Divers Alert
Network; Durham NC 2005, p 68-80.

[11] Tabah A. Diabéte et plongée sous-marine. [€hdsaculté Xavier Bichat Paris VII 2005, 104 pages

[12] Lormeau B, Sola-Gazagnes A, Thurninger O, [et3d™ étude Diabéte et Plongée : intérét d'un
mélange suroxygéné (nitrox) en plongée chez |eétige type 1. Med Sub Hyp 2014; 24; 11-7.

[13] Adolfsson P, Ornhagen H, Jendle J. Accuraayratiability of continuous glucose monitoring in
individuals with type 1 diabetes during recreatiatiging. Diabetes Technol Ther 2009; 11: 493-7

[14] Pieri M, Cialoni D, Marroni A. Continuous retine monitoring and recording of glycemia during
scuba diving: pilot study. Undersea Hyperb Med 2@B5 265-72.

[15] Procés-verbal du Comité Directeur NationalalEFESSM n°455, Marseille, France, 13-15/02/2015,
https://ffessm.fr/ckfinder/userfiles/files/pdf/PVDBI/2015/PV-CDN%20fevrier-2015.pdf

18



[16] Pollock NW, Uguccioni DM, Dear G de L, et Blasma glucose response to recreational diving in
novice teenage divers with insulin-requiring diasemellitus. Undersea Hyperb Med 2006; 33: 125-33.

[17] Procés-verbal du Comité Directeur NationalalEFESSM n°466, Marseille, France, 5-6/05/2017,
https://ffessm.fr/ckfinder/userfiles/files/pdf/PVDBI/2017/PV-CDN-mai2017-valide.pdf

[18] Riddell MC, Gallen IW, Smart CE, et al. Exeasgimanagement in type 1 diabetes: a consensus
statement. Lancet Diabetes Endocrinol 2017; 5: BY7-

[19] MacMillan F, Kirk A, Mutrie N, et al. A systeatic review of physical activity and sedentary
behavior intervention studies in youth with typdidbetes: study characteristics, intervention desigd
efficacy. Pediatr Diabetes 2014; 15: 175-89

[20] Tully C, Aronow L, Mackey E, et al. Physicaltavity in youth with type 1 diabetes: a review.r€u
Diab Rep 2016; 16: 85

[21] Heyman E, De Kerdanet M. Diabete de type 1x&reice chez I'enfant. In: Ratel S, Martin, editors
L’enfant et I'activité physique : de la théorieaadratique, Paris: Editions Déslris; 2014, p 327-40

Table 1. Comparison between the four French studies on type 1 diabetes and diving.

Locatior Golfe Jual St Gilles les Marseille Mayotte
Bains
Referencs [6, 9, 1] [10, 17 [12] this stud
Age grouj Adults Adults Adults Adolescent
Date Nov. 200: Jar. 200¢ Sep. 2012 Ocl. 201¢
Water temperature (° 14 27 14 28
Number of patien 15 11 15 16
male 12 8 10 11
female 3 3 5 5
Average age (yeal 40 41.F 36.2 15t
(range) (28-55) (22-54) (28-50) (14-18)
Diabetes duration (yea 9 8.¢ 11.€ 6
(range) (1-30) (2-22) (3-30) (2-14)
Average HbAlc (% 7.2 6.€ 7.0€ 8.9¢
Total number of dive 87 111 70 74
Average dive durion 30 36 34 48
(min)
Glycemia variation durin -40 + 6¢ —-67+7C -43+5E -75+ 7€
dive (mg/dL} (204-164) (274-207) (214-171) (283-208)
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Decrease of insulin dot 5.2 19.¢ 25.1 4.4
on the 1 day (%)

Avera%e decrease 19.: 30.4 27.¢ 12.2
insulin® (%)

Carbohydrate intake befo 50 16 18.1 34
dive (g/dive) (15-155) (15-90) (10-90) (10-60)
(range)

Number of dives withot 44/87 68/111 34/7( 59/7¢
carbohydrate intake / total (51%) (61%) (49%) (80%)
number of dives (in %)

Number of hypoglycemi 0 0 0 0
episodes during dive (after (0) D) (0) 4)
dive)

Number of ketosi: 0 2°¢ 0 4

episodes during the study

®average +& glycemia variation during dive: a negative valnéicates a decrease of the
glycemia during the dive. Numbers between pareethase the average glycemia prior to (T-5)
and after (T+DT) dive.

P Average maximum decrease of insulin doses dutiagtudy.

¢ One ketosis episode after a night dive and onda@uatgged insulin pump catheter.

Figure captions

Figure 1. Average (16 adolescents) capillary glycemia (CG)3® and 5 min prior to dive

(T-60, T-30, and T-5, respectively) and just aftieing (T+DT) for dives 1-5 (grey rectangles).
For each dive, the standard deviation of the C&ss reported (vertical black bars). The overall

average capillary glycemia variations from T-60r#DT is also shown (thick dashed line).

Figure 2. Interstitial glycemia of one adolescent diver ofiree dives. Two of the dives are
characterized by a final interstitial glycemia <01fg/dL. The value of the interstitial glycemia
underwater are CGM data recovered after the ditasThe first measurement taken by the

sensor after the start of the dive. Tn is Tn—1 .
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Appendix A. Supplementary data

Supplementary material (Tables S1, S2, and S3t&ded with this article can be found as Excel
files.

http://www.sciencedirect.com,doi...
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