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Into the deep blue sea: A review of the safety of recreational diving
in people with diabetes mellitus
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College Hospital, London, UK & >Department of Cardiac Surgery, Athens Medical Center, Marousi, Greece

Abstract

People with diabetes, particularly those being insulin treated, have been for many years considered ineligible for diving,
because of the high risk of adverse events. Blood glucose levels tend to decline during diving, probably because of changes
in insulin requirements and resistance, due to increased physical activity and effects of hyperbaric environment on glucose
tolerance. Strict adherence to safety protocols, in conjunction with optimal physical status, lack of diabetic complications
(especially impaired awareness of hypoglycaemia) and satisfactory baseline glycaemic control, seem to minimise the risk of
complications during diving. The integration of modern technology into diabetes management, providing potential for
underwater continuous glucose monitoring, can be useful in optimising metabolic control before, during and after diving.
Despite the significant progress been made on safety issues, there is still a need to implement the relevant
recommendations into divers’ everyday practice. Existing evidence is mainly derived from small studies and there is a wide
heterogeneity in terms of study designs and explored outcomes, rendering the extraction of definitive conclusions
challenging. The aim of this review is to present and critically evaluate available evidence, use of technology, and gaps in
existing knowledge that deserve further evaluation by future studies.

Keywords: Diving, diabetes, insulin, hypoglycaemia, continuous glucose monitoring

Highlights

* Blood glucose levels tend to decline during diving, due to increased physical activity and effects of hyperbaric environment
on glucose tolerance.

o Safety factors to consider when assessing people with diabetes who want to dive: presence of diabetes complications,
diabetes duration, physical status, quality of glycaemic control, and degree of adherence to safety procedures.

¢ Continuous glucose monitoring system has been used during diving and demonstrated good credibility. No studies to date
have evaluated flash glucose monitoring.

e Relevant studies have mostly included people with T1D or insulin-treated diabetes, whereas data on T2D or non-insulin
treated diabetes are scarce.

Introduction . .
(barotrauma of the ear, sea sickness) to potentially

Recreational self-contained underwater breathing
apparatus (SCUBA) diving is increasingly gaining
popularity worldwide, as a sport and leisure activity.
It is estimated that there are more than four million
people actively involved in diving in the United
States alone (Buzzacott, 2012).

Diving may be related to a series of health issues,
with their severity ranging from mild or moderate

life-threatening [arterial gas embolism, decompres-
sion illness (DCI), and pulmonary barotraumas]
(Sheeba & Sultan, 2014; Wohl, 2011). The under-
water environment is characterised by an increased
ambient pressure and low temperatures which pose
a challenge to adaptive mechanisms of human physi-
ology, particularly regarding the respiratory, cardio-
vascular and metabolic systems (Madsen, Hink, &
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Hyldegaard, 1994). For those reasons, safe diving
requires optimal status of both mental and physical
performance for divers to effectively adapt in a
setting of continuously changing circumstances,
requiring rapid decision making, especially in the
case of emergencies (DeGorordo, Vallejo-Manzur,
Chanin, & Varon, 2003).

Diabetes Mellitus (DM) is a common metabolic
disorder, which can affect the quality of life and life
expectancy. Specific diabetes-related conditions
(hypoglycaemia, visual impairment due to diabetic
retinopathy, diabetic autonomic neuropathy and
coexisting cardiovascular disease) may be significant
barriers for people with diabetes in undertaking
demanding physical challenges (Colberg, 2017;
Gawrecki et al., 2018). As a result, patients with
DM, particularly those being insulin treated, have
for many years been considered ineligible for
diving, because of the high risk of adverse events. In
light of new evidence, various scientific societies are
nowadays defining a framework of rules and pro-
cedures to ensure safe diving for people with diabetes,
even for those who are insulin treated.

The aim of this review is to evaluate available evi-
dence about the safety of recreational diving in
people with diabetes as well as gaps in existing knowl-
edge that require further evaluation by future studies.

Defining the “divers with diabetes”
population

In a voluntary survey among Divers Alert Network
(DAN) members, divers with DM were asked to
provide information with respect to their diving prac-
tices and history (Dear G de, Dovenbarger, Corson,
Stolp, & Moon, 1994). Among 110 responders, 79
were using insulin to manage their diabetes. In a
total of 48,663 dives, there was only one reported
incident of DCI, suggesting a lower DCI prevalence
between divers with DM, as compared to the
general diving population (2.28/10.000 dives)
(Bove, 1998; Taylor & Mitchell, 2001). Fifteen
percent of responders had experienced hypoglycae-
mia at least once during diving, however, all episodes
had been managed without any major issues.

Edge, St Leger Dowse, and Bryson (2005) aimed
to evaluate the clinical and demographic features,
outcomes and practices of divers with DM. Data
were collected using questionnaires from 323 (269
males and 54 females) individuals, between 1991
and 2001 (8760 dives in total during this period).
Among them, 254 (75%) had insulin-requiring dia-
betes (mean age 34 years), while only 69 (25%) had
non-insulin managed diabetes (mean age 47 years).
The sample consisted of 211 (65%) active divers,

whereas 55 individuals (11%) had ceased diving
and 11 more subjects (4%) reported to have
stopped diving because of their refusal to undertake
medical certification.

Only two diving-related fatalities were reported
during the study period. The first death was attribu-
ted to acute myocardial infarction, while the cause
of the second incident was not clarified. Both
deceased patients had non-insulin-dependent DM.
In the only incident of underwater hypoglycaemia,
an insulin-treated patient was involved, who was
safely treated with oral carbohydrates consumption
when submerged.

The results of the aforementioned studies provided
some direct indications that people with DM can dive
safely. Still, their findings should be interpreted with
caution, given that the studies conducted using self-
reported questionnaires may be prone to bias, includ-
ing a tendency for participants to under-report
problems (Lippmann, Taylor, Stevenson, &
Williams, 2018; Taylor & Mitchell, 2001; Van den
Bergh & Walentynowicz, 2016). In addition, they
can be criticised for focusing exclusively on a specific
population of survivors. This issue has been pre-
viously described in the occupational epidemiology
literature as the “healthy worker survivor effect”,
defining a continuing selection process during
which those who remain employed tend to be heal-
thier than those who leave employment (Arrighi &
Hertz-Picciotto, 1994). The phenomenon may be
attributed to the fact that workers (i.e. active divers
in our case) usually exhibit lower overall death rates
compared to the general population, because the
severely ill and chronically disabled individuals are
normally excluded from employment (i.e. rec-
reational diving) (Shah, 2009).

A recent work by Ranapurwala, Kucera, and
Denoble (2018) assessed the prevalence of
common, chronic diseases among DAN members
and this was subsequently compared to the respective
prevalence of the general US population. Mean age of
participants for the DAN and general populations
were 50.2 and 46.4 years, and male representation
in the sample was 73.5% and 48.7%, respectively.
The general US population was found to have a sig-
nificantly higher percentage of diabetes as compared
to the DAN cohort (9.8% vs. 4% respectively, p
<.01). The results of this study reflect a more effec-
tive utilisation of healthcare services for preventive
purposes (routine check-up) among divers in com-
parison to the general population (Ranapurwala
et al., 2018), possibly resulting from their need to
optimise their health prior to undertaking diving.

However, an inverse interpretation of these out-
comes could lead to the hypothesis that people with
diabetes are discouraged from active involvement in



diving, probably as a result of increased concern for
adverse events during the activity. Another plausible
explanation might be that only a minority of people
with DM are capable of passing through the strict
medical qualification process, being — in other
words — healthy enough to qualify for diving.
Additionally, medical approvals may be financially
prohibitive for a proportion of people with diabetes,
considering the fact that SCUBA diving is an expens-
ive leisure activity, by itself.

Of interest, in a study (conducted in 2000 and pub-
lished in 2002) (Taylor, O’Toole, & Ryan, 2002)
where 346 experienced Australian divers were
included, only one (0.2%) reported having diabetes
(type not specified). This likely suggests an increasing
trend in the number of divers with diabetes in the last
years.

The impact of hyperbaric environment on
glucose homeostasis

Until recently, little is known about the effects of
hyperbaric environment on human glucose homeo-
stasis. In studies where people with type 2 diabetes
(T2D) were exposed to simulated hyperbaric con-
ditions [hyperbaric oxygen therapy (HBOT)],
improvements in both blood glucose (BG) concen-
trations and peripheral insulin sensitivity were
observed (Chateau-Degat & Belley, 2012; Vera-
Cruz, Guerreiro, Ribeiro, Guarino, & Conde, 2015;
Wilkinson, Chapman, & Heilbronn, 2012). In par-
ticular, 20 HBOT sessions decreased fasting
glucose by 21% and ameliorated glucose tolerance
by 34%, suggesting that hyperbaric environment
influences glucose metabolism, either by improving
glucose uptake or glucose oxidation in the postpran-
dial state (Vera-Cruz et al., 2015). In type 1 diabetes
(T1D), a study demonstrated enhanced residual
insulin secretion as a result of hyperbaric oxygenation
(Dedov, Lukich, Bol’shakova, Gitel, & Dreval,
1987).

The exact mechanisms mediating these optimal
effects remain obscure. In a model of diabetic mice,
HBOT was shown to reduce autoimmune diabetes
incidence, via increased resting T cells and reduced
activation of dendritic cells, with preservation of
beta-cell mass related to decreased apoptosis and
increased proliferation (Faleo et al., 2012). HBOT
has been shown to increase brain glucose utilisation
(Contreras, Kadekaro, & Eisenberg, 1988), as well
as central nervous system’s sensitivity to responding
in variations of BG concentrations, in a rat model
(Torbati, 1985). Increased activity of carotid bodies
(peripheral chemoreceptors that respond to
hypoxia) has been demonstrated in T2D animal
models (Ribeiro et al., 2013). Carotid bodies are a
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powerful glucose and insulin sensor and surgical
ablation of its nerve inhibits the development of
diet-induced metabolic diseases (Ribeiro et al.,
2013). Deactivation of carotid body chemoreceptors
reduces sympathetic hyperactivity, which contributes
to the pathogenesis of T2D, possibly by negatively
affecting insulin resistance (Esler et al., 2001). There-
fore, functional inhibition of carotid bodies activity by
hyperoxia may partially explain the HBOT optimal
effects on glycemia (Vera-Cruz et al., 2015).

Amelioration of glucose and lipid oxidative metab-
olism in skeletal muscle has been postulated as an
additional explanation (Fujita et al., 2012). Increased
insulin receptor activity leading to improved insulin
sensitivity, as a result of increased PPAR-y (peroxi-
some proliferator-activated receptor-y) regulation,
has been reported (Zeng et al., 2012). Finally, as
demonstrated in a diabetic rat model (Lee, Niu,
Lin, & Niu, 2013), HBOT appears to ameliorate oxi-
dative stress, a major pathophysiological pathway in
the development of diabetic complications, by inhi-
biting the formation of toxic oxidising radicals, such
as Nitric Oxide and 2,3-dihydroxybenzoic acid. In
the same model, HBOT enhanced the release of the
anti-inflammatory cytokine interleukin-10 in the
hypothalamus, thus resulting in a decreased multiple
organ dysfunction and an increased survival in dia-
betic rats with heatstroke.

It is still unclear whether the observed reductions
in BG concentrations should be attributed to the
hyperbaric environment per se, given that food depri-
vation during HBOT may be a confounder (Peleg
et al., 2013). Furthermore, it is questionable to
what extent the conditions during a simulated
exposure to increased atmospheric pressure, actually
simulate the real environmental conditions during
scuba diving and whether the results of animal
research can be directly applied to humans, consider-
ing the significant species differences in terms of
physiology and glucose metabolism.

Glucose control during a simulated dive

Edge, Grieve, Gibbons, O’Sullivan, and Bryson
(1997) designed an open, controlled, crossover
study to evaluate the ability of people with T1D to
control their BG levels during diving. Eight individ-
uals with T1D and eight age- and sex-matched nor-
moglycemic controls were included. Participants
with T1D had no diabetes complications, glycated
haemoglobin (HbA1c) levels <75 mmol/mol (<9%)
and had no history of hypoglycaemic episodes
during the last year. Each diver performed one simu-
lated dive to a depth of 375 kPa in a hyperbaric
chamber and one control exercise at ambient pressure
(randomised order). BG levels and other
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haematological parameters were estimated in both
groups. There was no statistically significant differ-
ence in serum glucose measured in divers with T1D
between the simulated dive (to 375 kPa) and serum
glucose during the control exercise at the same time
points. All participants with T1D experienced no
symptoms and signs of hypoglycaemia. At the end of
the trial, no participant with T1D had serum glucose
concentrations less than 4 mmol/L (72 mg/dL).

Despite the small sample size investigated, this
study provided preliminary evidence that high
partial oxygen pressures do not have a major impact
on serum glucose levels in subjects with T1D. They
also showed that well-controlled and complication-
free patients can dive under good safety conditions,
reopening the discussion about the necessity of a
blanket ban on scuba diving in persons with insulin-
treated diabetes (Harrison, Lloyd-Smith, Khazei,
Hunte, & Lepawsky, 2005; Ruder, 2006).

Into the deep, blue sea: real-world studies

A number of studies have examined the impact of
diving on glucose levels of T1D patients in a real-
world setting. Each study followed a different dive
protocol; however, most protocols included pre-
and post-dive oral carbohydrates consumption, as
well as insulin-dosing adjustments when necessary,
dependent on predefined BG values (Table I).

Dear G de et al. (2004), included 40 individuals
with T1D [20 male, HbAlc 54-62 mmol/mol (7.1-
7.8%), eight on continuous subcutaneous insulin
infusion, 555 dives in total] and 43 controls (504
dives in total). Inclusion criteria for persons with
T1D were absence of pregnancy, no history of dia-
betes-related hospitalisation during the past 12
months, lack of complications and HbAlc<
75 mmol/mol (<9%). Severe or symptomatic hypo-
glycaemic events were not reported during the
study. Post-dive glucose concentrations below the
3.9 mmol/LL (~70 mg/dL) cut-off were measured in
7% (37/555) of dives in the T1D group, as compared
to 1% (6/504) (p <.05) in the control group.

Lerch, Lutrop, and Thurm (1996) investigated
seven people with T1D (three males, 77 dives) and
seven controls (three males, 77 dives). Prior to the
study, patients underwent a full medical evaluation,
including diabetes complication screening and sub-
jects with poor fitness status, HbAlc > 75 mmol/
mol (>9%), any complications or hypoglycaemia
unawareness were excluded. Participants performed
multiple dives over six consecutive days. There was
a 15-20% reduction of insulin requirements during
the above period. In contrast, daily carbohydrate
intake was increased by approximately 50%, in

order for divers to counter the risk of post-exercise
hypoglycaemia.

In a different study (Pollock et al., 2006), seven
adolescents (four females, mean age 16 years and
three males, mean age 16.3 years) novice divers
with T1D, with acceptable diabetes control (HbAlc
56 mmolmol ; 1.3 £ 1.1%), were recruited. Glucose
levels were measured at 60-, 30- and 10-min pre-
dive and immediately after the 42 dives performed.
Pre-dive glucose was measured above 16.7 mmol/L
(~300 mg/dL) in 22% of dives, whereas post-dive
plasma glucose concentrations were found below
4.4 mmol/L. (~80 mg/dL) in two dives by two differ-
ent male divers. No symptoms or complications of
hypoglycaemia were reported. Subjects received oral
carbohydrate supplements before 76% of dives, due
to BG levels below the safety threshold of
6.7 mmol/LL (~120 mg/dL). Males were found to
have greater pre—post-dive variation compared to
females [-4.3 £ 4.4 mmol/LL (—78 =79 mg/dL) vs.
—0.5 £ 4.3 mmol/L (-9 £ 77 mg/dL), respectively].

Lormeau et al. (2005) studied 15 participants with
T1D (mean age 40 years, 12 males, mean duration of
T1D of 9 years). Suitability for diving was judged
according to good metabolic control [mean HbA1-
55.2 mmol/mol/7.2%  (range: 5.8-8.3%)] and
absence of diabetic complications. BG levels before
immersion were measured between 4.89 and
20.07 mmol/LL (~89 and 365 mg/dL) and immedi-
ately post-dive between 2.86 and 15.12 mmol/L
(~52 and 275 mg/dL). A mean fall in BG equal to
2.2 mmol/L (~40 mg/dL) was detected during dives.

A mean decrease in daily insulin doses by 19.3%
was recorded on the last day of the diving course
(including a mean reduction by 26% of the boluses
and 12.3% of the basal insulin doses). No case of
hypoglycaemia was observed underwater. Half of
the dives demanded pre-dive carbohydrates con-
sumption. 44 dives took place without pre-dive
carbohydrate intake [due to BG levels within the
safety range of 8.80-13.75 mmol/LL (~160-250 mg/
dL)]. Regarding these dives, BG declined during 39
dives [by more than 2.75 mmol/LL (~50 mg/dL) in
21 occasions and more than 5.5 mmol/LL (~100 mg/
dL) in six occasions] and increased during the five
other dives.

95 out of 120 planned dives were performed; two
dives were cancelled due to low BG levels, one due
to ketonemia and others due to factors not related
to diabetes. In one participant, a continuous
glucose monitoring (CGM) system was applied,
which demonstrated no remarkable glucose levels
variation during immersion; yet a decrease was
noted within the eight hours post-dive.

In a similar design setting (Uguccioni, Pollock,
Dovenbarger, Dear G de, & Moon, 1998), where



Table I. Main characteristics and findings of key studies that examined the impact of scuba diving on people with type 1 diabetes

Study (1st author,
publication year)

Participants

Inclusion criteria

Study protocol

Key findings

Lerch et al. (1996)

Uguccioni et al.
(1998)

Dear G de et al.
(2004)

Lormeau et al.
(2005)

Pollock et al.
(2006)

Adolfsson et al.
(2008, 2009)

7 individuals with T1D (77 dives)/7
controls (77 dives)

16 individuals with T1D

40 individuals with T1D (8 on
CSII, 555 dives)/43 controls
(504 dives)

15 individuals with T1D (1 on
CSII and CGM, 95 dives)

7 individuals with T1D (42 dives)

12 individuals with T1D (58 dives,
3 on CSII, 12 on CGM)/12
controls (59 dives)

HbA1: 36.6-74.9 mmol/mol

No hypo unawareness

No complications

No severe hypo during the last
12 mo

Good physical status

HbA1 < 74.9 mmol/mol

No complications

No hospitalisation during the
last 12 mo

No pregnancy

Well-controlled (mean HbA 1l
55.2 mmol/mol)

No complications

Short diabetes duration (mean 9
)

HbA1: < 74.9 mmol/mol

No complications

No hospitalisation during the
last 12 mo

No macrovascular complications
or proliferative retinopathy
No hypo unawareness

11 dives per participant over 6 d

Max: 30, 45 mins

BG check: 60, 30- and 0-min pre-
dive

Dive if BG > 8.9 mmol/LL

Carbs if BG < 8.9 mmol/L or falling

Insulin dose adjustment daily if
necessary

BG check 60, 30- and 10-min pre-
dive

Dive if BG > 4.4 mmol/L (stable or
rising)

Max: 20+ 6 m, 41 * 10 mins

BG check: 60, 30- and 0-min pre-
dive

Dive if BG > 4.4 mmol/L (stable or
rising)

Max: 20, 40 mins

BG check: 60, 30- and 0-min pre-
dive

Dive if BG 8.8-13.8 mmol/LL

If BG 6.6-8.8 mmol/L take 15 g
carbs and dive

If BG < 6.6 mmol/L take 30 g carbs
and recheck at 15 min, if >
8.8 mmol/L dive

BG > 3.8 mmol/L check for ketones,
if absent dive

Max: 17, 44 mins

BG check: 60, 30- and 0-min pre-
dive

Dive if BG > 6.7 mmol/L and rising

If < 6.7 mmol/L or falling take carbs
and recheck at 15 min

Max: 22, 52 mins

BG check: 90, 60- and 10-min pre-
dive

Carbs before diving

15-20% reduction in insulin requirements

No hypoglycemic events

Hct rise in people with T1D which was corrected with
adequate hydration

42% of participants received carbs pre-dive
No hypoglycemic events

42% of participants received carbs pre-dive

BG < 3.9 mmol/L post-dive in 7% of dives

11 incidents of symptomatic hypo (all post-dive)

Mean pre-dive BG: 10.8 * 3.6 male, 12.4 * 3.9 mmol/LL
female

Mean post-dive BG: 7.8 £ 3.4 mmol/L. male, 10
4.2 mmol/L female

95 out of 120 planned dives were performed

2 dives cancelled due to hypo, 1 due to ketones, others due
to irrelevant to diabetes issues

No hypos during dive

Half of dives required carbs before diving

76% of dives required carbs before diving

Average BG decrease during dive was 4.3 mmol/L
2 dives with post-dive BG < 4 mmol/LL

No symptomatic hypos

Good CGM accuracy and survival (85% over 48 h)

BG difference pre-to post-dive from 1.4 to 3.3 mmol/L in
people with T1D

6 episodes of mild hypo post-dive

(Continued)
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Table 1. Continued.

Study (1st author,
publication year)

Participants

Inclusion criteria

Study protocol

Key findings

Bonomo et al.
(2009)

Pieri et al. (2016)

12 individuals with T1D (90 dives,
1 on CSII, 12 on CGM)

2 individuals with T1D (one male
and one female)

HbA1: < 69.4 mmol/mol

No complications other than
background retinopathy

No hospitalisation during the
last 12 months

No hypo unawareness

No history of disease other than
T1D, no diabetes
complications

Max: 21 £3.7 m, 46 + 5 mins

BG check 60, 30- and 10-min pre-
dive

Insulin if BG > 16.7 mmol/L 60 min
pre-dive or >13.9 mmol/L 30 min
pre-dive

BG < 6.6 mmol/L or declining 15—
30 g carbs

Carbs underwater in case of hypo

Suspend dive if BG > 16.7 mmol/L
and rising or > 13.9 mmol/L and
ketonemia

Suspend dive if BG > 6.7 mmol/L

Dive if BG 8.3-13.9 mmol/L. and
stable

4 incidents of mild symptomatic hypos, all due to protocol
deviation

Poor CGM survival (56%) and technical issues observed

Mean pre-dive BG: 11.1 * 3.4 mmol/L.

Mean post-dive BG: 8.8 + 4.4 mmol/LL

Both divers showed gradual decrease in BG during diving
(statistically significant only for male, median 10.2 pre-
dive vs. 7.8 mmol/L post-dive)

Low BG values (around *£3.9 mmol/L) during diving
without hypo symptoms were occasionally reported

No sensor failure up to 40 m

Good credibility of obtained CGM measurements during
diving

Note: Studies are presented in chronological order, from oldest to most recent.
Abbreviations: m: metres; T1D: Type 1 Diabetes; HbA1ls: Hemoglobin Alc; CGM: Continuous Glucose Monitoring; CSII: Continuous Subcutaneous Insulin Infusion; BG: Blood glucose; Hypo:
hypoglycemia; mo: months; d: day(s); min: minutes; max: maximum; carbs: carbohydrates; Hct: hematocrit; n.a.: not applicable; y: year(s); g: gram(s); h: hour(s); Ref: reference.
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16 T1D individuals were included (131 total dives
over one-week period), safety profile was recon-
firmed, given that no hypoglycaemic events were
recorded, either during or post-dive.

Continuous glucose monitoring systems: a
valuable diving partner

The underwater performance and accuracy of CGM
systems (CGMS) are still under investigation. A total
of 24 adults (12 with T1D and 12 controls) per-
formed five recreational scuba dives on three con-
secutive days (Adolfsson, Ornhagen, & Jendle,
2008). CGMS was used by all participants. The
authors aimed to assess the CGMS and plasma
glucose monitoring using a monitoring regimen to
identify individuals with T1D at risk of developing
hypoglycaemia during diving. The number of hypo-
glycaemic episodes, within 10 min prediving or
immediately postdiving, were significantly and posi-
tively correlated with the duration of diabetes (p
=.01) and the percentage of SMBG values below
the target of 4 mmol/L (~72 mg/dL) (p =.02). More-
over, the number of hypoglycaemic episodes was
positively related to the total duration below the low
limit (<3.9 mmol/L/<70 mg/dL), as measured by
the CGM system (p =.006). No symptoms of hypo-
glycaemia were present during or immediately post-
dive. Pre- and post-dive BG values differences in
the group with T1D ranged from 1.4 mmol/LL
(~25 mg/dL) to 3.3 mmol/LL (~59 mg/dL).

Adolfsson, Ornhagen, and Jendle (2009) aimed to
assess the accuracy and reliability of CGMS during
scuba diving in 12 individuals with T1D and 12 con-
trols with no history of diabetes. They demonstrated
a robust CGM recording and good durability of
sensors under realistic diving conditions (85% of
the sensors survived over 48 h). Hypoglycaemia
(defined as 3.9 mmol/L/< 70 mg/dL) pre- and post-
dive was detected by CGM with a positive predictive
value of 0.39, negative predictive value of 0.98, sensi-
tivity of 0.64, and specificity of 0.94.

A different study (Bonomo et al., 2009), including
12 individuals with T1D (90 dives in total), showed
poorer sensor durability (56%). However, it should
be noted that due to technical reasons reported in
the study (e.g. accidental cable damage, defects in
sensors or cables), CGM recordings were available
for only 27 of 48 monitored dives by nine patients.
Mean glucose measurements at 60, 30 and 10 min
before diving was 11.4 mmol/LL (~205.8 * 69.6 mg/
dL), 11.1 mmol/L. (~200.0 * 66.4 mg/dL)) and
11.1 mmol/LL (~200.5 * 61.0 mg/dL), respectively.
Mean post-dive glucose was 8.8 mmol/LL (~158.9 +
80.8 mg/dL.). CGM recordings pointed towards
lower glucose levels during diving, with the

Diving and diabetes: a review 7

maximum reduction from baseline concentrations
being —19.9%. Only one dive was interrupted due
to hypoglycaemic symptoms. In 56 out of 90 dives
(62.2%) supplementary carbohydrates or insulin
were required, as per study protocol.

Pieri, Cialoni, and Marroni (2016) estimated the
mean of relative difference (MRD) between CGM
and capillary BG in two experienced divers with dia-
betes (a male and a female), during a one-week
diving course. Furthermore, measurement accuracy
was evaluated according to International Organisation
for Standardisation (ISO) guideline 15,197. Their
findings showed that two out of 26 (7.7%) MRD
values marginally exceeded the ISO permitted differ-
ence of 5%, suggesting good credibility of obtained
glucose CGM measurements underwater. No sensor
failure up to 40 m depth was documented. Both
divers showed a gradual decrease in BG levels
during diving, but this was statistically significant
only for the male [median pre-dive BG 10.2 mmol/LL
(~184 mg/dL) vs. 7.8 mmol/L. (~140 mg/dL) post-
dive, p <.001]. Low BG values (around * 3.9 mmol/
L/70 mg/dL) during diving, still without symptoms
of hypoglycaemia, were occasionally reported.

To date, there are no studies to assess the accuracy
and use of flash glucose monitoring during diving.
Table I summarises the main characteristics and find-
ings of key studies that examined the impact of rec-
reational diving on people with T1D.

An interpretation of research findings

The findings of these studies, as already presented in
detail, indicate that well-controlled, complication-
free divers with T1D can dive safely, provided a
closely monitored and strictly followed diving proto-
col is implemented.

In general, key determinants of safety seem to be
presence of macro- and microvascular complications,
diabetes duration, physical status, quality of glycae-
mic control, but mainly degree of adherence to
safety procedures. It should be noted that prospec-
tive, cohort studies in open water that have included
people with T2D are lacking, and the majority of data
in this type of diabetes are coming from retrospective,
questionnaire-based studies.

Defining a cut-off BG value below which diving
should not be commenced plays an important role
in preventing hypoglycaemia. A closer look at the
results of relevant studies reveals that a pre-dive
threshold of 4.4 mmol/L (~79 mg/dL) was related to
a notable incidence (39 occurrences out of 598 total
dives) of post-dive measurements below 3.9 mmol/L
(~70 mg/dL); thus, without symptomatic incidents
of hypoglycaemia (Harrison et al., 2005; Lerch
et al., 1996). In contrast, these events were practically
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absent in the studies having set the pre-dive threshold
at 6.7 mmol/LL (~120 mg/dL) [Australian Diabetes
Society (ADS), 2016]. In general, post-dive BG
concentrations were found to be reduced between
2.2 mmol/L (~40 mg/dL) and 4.3 mmol/L. (~78 mg/
dL) compared to pre-dive values, though a significant
inter-individual and inter-study variability was
evident. Similar to other physical activities under
extreme conditions (e.g. hiking and trekking at alti-
tude), the use of CGM technology may prove excep-
tionally helpful, allowing an effective and flexible
self-glucose management in a setting of constantly
changing circumstances, that may have an unpredict-
able impact on glycaemic control (Koufakis, Karras,
Mustafa, Zebekakis, & Kotsa, 2018). It is worth
pointing out however, that CGM systems used in
everyday practice at present, are not certified for sub-
merging more than a few metres (ADS, 2016). Tele-
metric applications that measure BG through a
subcutaneous sensor and transmit wirelessly the
results in real time to the surface are currently under
development (Egi et al., 2018).

A summary of recommendations

Different scientific societies have produced rec-
ommendations or guidelines to promote uncompli-
cated diving in people with diabetes. Tables II and
IIT provide an analytical and comparative overview
of guidelines and recommendations issued by the fol-
lowing societies: South Pacific Underwater Medicine
Society (SPUMS) (2010), Swedish recommen-
dations (Jendle, Adolfsson, & Ornhagen, 2012;
Jendle & Adolfsson, 2019), United Kingdom
Diving Medical Committee (2015), Undersea and
Hyperbaric Medical Society/Divers Alert Network
(UHMS/DAN consensus guidelines) (Pollock,
Uguccioni, & Dear G de, 2005) and Australian Dia-
betes Society (ADS, 2016). Despite the dissimilari-
ties between different recommendations, they all
provide advice on four main variables:

(1)  Suitability for diving. The recommendations
focus on patients’ age (>18 years old), satis-
factory metabolic control (no commonly
accepted criterion for “satisfactory” exists),
lack of complications (background retinopa-
thy is excluded), and adequate hypoglycae-
mia awareness.

(2) Scope of diving. There is a consensus in
suggesting a maximum of 2 dives per day, a
depth not exceeding 30 m and a duration of
dive shorter than 60 min. The requirement
for a diving partner being familiar with dia-
betes, but non-being diabetic himself/
herself, is emphasised (Table II).

(3) Glucose management pre- and post-dive.
The recommendations suggest BG checks
at 60, 30 min and immediately pre-dive and
BG thresholds for carbohydrate ingestion,
dive postponement and cancel are defined.
They also provide adequate counselling for
BG check during specific time points post-
dive.

(4) Management of hypoglycaemia during
diving. The guidelines suggest detailed pro-
cedures for informing diving partners and
for both oral and parenteral glucose adminis-
tration, either underwater or after surfacing.
Hypoglycaemia may mimic the clinical pres-
entation of decompression illness, making
the differentiation and management of the
two clinical entities problematic by
inexperienced or non-specialised personnel
(Table III).

A careful appraisal of existing guidance reveals sig-
nificant heterogeneity in various areas of practice (for
example regarding safety BG thresholds for diving
commencement, postpone or cancel); this should
be attributed to the lack of strong evidence with
“hard” end-points and relying on personal experi-
ence incorporated into recommendations (Johnson,
2016a, 2016b).

Figure 1 provides a schematic overview of the rec-
ommendations for safe diving in people with DM.

Implementation of guidelines into real life

A recent study (Lippmann, McD Taylor, Stevenson,
Williams, & Mitchell, 2017) aimed to evaluate the
medical management of the divers’ health-related
conditions, as well as the modifications used in
their diving practices in order to diminish potential
risks. The survey included 833 individuals,
members of Divers Alert Network Asia-Pacific
(DAN AP), diving with diabetes, cardiovascular or
respiratory health problems. 25 participants (mean
age 54 years, 19 males) reported to have diabetes
(type not specified), with four of them being treated
with insulin. 16 of them, including three out of four
receiving insulin, measured their BG before diving.
The frequency of pre-dive measurement ranged
from one to three times, and the timing from
15 min to three hours before diving. The mean
minimum BG being acceptable before diving accord-
ing to responders, was 6.1 mmol/LL (~110 mg/dL),
ranging from 3.5 mmol/L. (~63 mg/dL) to 10 mmol/L.
(~180 mg/dL). Five participants reported to adjust
their medication dosage before diving; three used to
omit their oral agents and two insulin-depen-
dent divers reduced their insulin dose. Four



Table II. An overview of various guidelines and recommendations regarding suitability for diving and scope of diving in people with diabetes

Country/region Australia South Pacific Sweden United Kingdom USA
Scientific society/ ADS SPUMS Orebro University UKDMC UHMS/DAN
source
Year 2016 2011 2012 & 2019 (update) 2005 2005
Suitabiliry for diving
Age >18 >18 n.r. n.r. >18 (>16 in case a specialised

Diabetes control

Changes in diabetes
medication

Self-management

Hypoglycemia history

Hypoglycemia
awareness

History of
hospitalisation

Complications

Absence of
microalbuminuria
Absence of neuropathy
Absence of retinopathy
greater than
background
retinopathy

Screening for heart
disease

HbA1c <74.9 mmol/mol

>1 y since insulin initiation, >3
m since significant changes in
regimen

Accurate use of glucose
monitoring device, good
knowledge of insulin, carb and
exercise interaction

No severe hypo during the last
12m
No hypo unawareness

No history of hospitalisation or
ED attendance for hypo
during the last 12 m

No macrovascular and
microvascular (apart from
background retinopathy)
complications

Yes

Yes
Yes

> 40 yo cardiac stress testing

HbA1lc <74.9 mmol/mol

>1 y since insulin initiation (>6
m for T2D), >3 m since
significant changes in regimen

Good knowledge of insulin, carb
adjustment

No severe hypo during the last
12m
No hypo unawareness

n.r.

No significant complications

> 40 yo cardiac stress testing

HbA1c < 63 mmol/mol

Good knowledge of insulin,
carb adjustment. 4-6 BG
measurements / day during
the week before dive. CGM
use is recommended

No severe hypo during the last
12m

No hypo unawareness

No recurrent episodes of
hospitalisation

n.r.

Yes

Yes
Yes

“Satisfactory control”
according to treating
physician

n.r.

No severe hypo during the
last 12 m
n.r.

No diabetes-related
hospitalisation during the
last 12 m

n.r.

>50 yo cardiac stress testing

training course completed)
HbA1lc <74.9 mmol/mol

>1 y since insulin initiation (>6 m
for T2D), >3 m since
significant changes in regimen

Good knowledge of insulin, carb
adjustment

No severe hypo during the last 12
m
No hypo unawareness

n.r.

No significant complications

Yes

Yes
Yes

>40 yo cardiac stress testing and
follow-up as per local
recommendations

(Continued)
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Table II. Continued.

Country/region

Australia

South Pacific

Sweden

United Kingdom

USA

Medical assessment

Frequency of medical
check-up

Scope of diving

No of dives / surface
intervals

Duration of dive
Depth

Dives requiring
decompression stops
Dives in overhead
environments (e.g.
caverns, wrecks)
Diving partner

Diabetes doctor (GP or
endocrinologist) and doctor
with post-graduate diving
examiner’s qualification

Annual

> 1 h surface interval
Longer surface intervals after
2nd dive of the day

<1lh

n.r.

Not recommended

Not recommended

Partner should be informed of
condition and aware of
appropriate response in case
of hypoglycemia. Partner
should not have diabetes

Diabetes doctor (GP or
endocrinologist) and doctor
with post-graduate diving
examiner’s qualification

Annual

< 2 dives / day
> 2 h surface interval

<1h
<30m

Not recommended

Not recommended

Partner should be informed of
condition and aware of
appropriate response in case
of hypoglycemia. Partner
should not have diabetes

Specialist in diabetology and
physician authorised in
diving medicine. Evaluation
of CGM readings is
recommended

Annual

n.r.
<25m

Partner should not have
diabetes

Physician should certify that
“diver is mentally and
physically fit to dive”

Annual

<2 dives/day
<3 consecutive days

n.r.

< 30 m (until diver is highly
experienced regarding the
effect of diving on diabetes
control)

n.r.

Partner should be regular
and aware of appropriate
response in case of
hypoglycemia or trained
nurse, paramedic, etc.
Partner should not have
diabetes

Diabetes doctor (GP or
endocrinologist) and doctor
with post-graduate diving
examiner’s qualification

Annual

<lh
<30m

Not recommended

Not recommended

Partner should be informed of
condition and aware of
appropriate response in case of
hypoglycemia. Partner should
not have diabetes

Abbreviations: ADS; Australian Diabetes Society; SPUMS: South Pacific Underwater Medicine Society; UKDMC: United Kingdom Diving Medical Committee; UHMS: Undersea and
Hyperbaric Medical Society; DAN: Divers Alert Network; n.r.: no specific recommendation; y: year(s); m: month(s); T2D: Type 2 Diabetes; carb: carbohydrates; BG: blood glucose; hypo:
hypoglycemia; yo: year-old; ED: Emergency Department; GP: General practitioner; h: hour(s); m: metre(s); CGM: Continuous Glucose Monitoring.
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Table III. An overview of various guidelines and recommendations regarding blood glucose management on the day of diving and management of hypoglycemia during diving

Country/region Australia South Pacific Sweden United Kingdom USA

Scientific society/ ADS SPUMS Orebro University UKDMC UHMS/DAN
source

Year 2016 2010 2012 & 2019 (update) 2005 2005

BG management on the day of diving
General No diving if unwell or BG follows
recommendations on an unstable pattern. Adequate
lead-up to dive day hydration, avoid alcohol for
24 h before dive. For T2D on
SUs, omit SU on the day of
dive

Pre-dive

BG testing Test BG 60 min, 30 min and
immediately pre-dive to ensure
no downward trend

BG threshold to allow 8.3-16.7 mmol/L and stable or

diving rising immediately pre-dive

BG and carb 6.6-8.3 mmol/L: oral 15 g carb
management <6.6 mmol/L: oral 30 g carb
protocol

Postpone dive if >16.7 mmol/L and check ketones

Cancel dive if Ketones > 1 mmol/L

Post-dive
BG managementatend Check BG immediately post-dive
of dive and manage appropriately

BG management for n.r.
the rest of the day
Documentation Log all dives and BG

management for future use

Management of hypoglycemia during diving

Training and n.r.
preparation

Signal in case of L-shape made by thumb and
hypoglycemia index finger

No diving if unwell,
excessively anxious or BG
follows an unstable
pattern. Adequate
hydration

Test BG 60 min, 30 min and
immediately pre-dive to
ensure no downward
trend

9 mmol/L and stable or
rising immediately pre-
dive

n.r.

BG < 9 mmol/L or falls
between any two checks
> 16 mmol/L

Check BG immediately
post-dive

Frequent BG checks for 12—
15 h after dive

Log all dives and BG
management for future
use

n.r.

L-shape made by thumb and
index finger

CGM use is recommended. If
SMBG used, monitor BG 4-8
times daily. If treated with CSII
adjust the basal rate (—50%) 90—
120 min before dive to prevent
hypo. The pump should be
removed shortly before diving

Test BG 60 min, 30 min and
immediately pre-dive to ensure
no downward trend

7-12 mmol/L and stable

Meal 1.5-2 h before diving.
Additional 15-30 g carb/70 kg
BW before diving. If BG <
5 mmol/L or falling, additional
10-15 g carb prior to dive

n.r.

n.r.

Check BG immediately post-dive

n.r.

Keep logbook of dives and BG
management

Practice in ingesting gels
underwater is recommended
L-shape made by thumb and index

finger

Fit and mentally prepared.
Adequate hydration. Aim
BG levels at the higher
normal range

n.r.

Check BG on arrival on boat.
Any hypo symptoms should
be immediately reported

n.r.

n.r.

No diving if unwell,
excessively anxious or BG
follows an unstable pattern.
Adequate hydration

Test BG 60 min, 30 min and
immediately pre-dive to
ensure no downward trend

8.3 mmol/L and stable

BG < 8.3 mmol/L or falls
between any two checks
n.r.

Check BG immediately post-
dive

Frequent BG checks for 12—
15 h after dive

Log all dives and BG
management for future use

n.r.

L-shape made by thumb and
index finger

(Continued)
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Table III. Continued.

Country/region

Australia

South Pacific

Sweden

United Kingdom

USA

Oral glucose

Protocol upon
symptoms suggestive
of hypoglycemia
underwater

Parenteral glucose/
glucagon

If trained, glucose paste can be

consumed underwater, but the
priority should be to ascend to
surface

The diver should ascend to the

surface immediately, establish
positive buoyancy, ingest
glucose and leave the water.
The informed dive partner
should assist with this process.
If trained, glucose paste can be
consumed underwater, but the
priority should be to ascend to
surface

n.r.

Should be carried in readily
accessible and ingestible
form at surface and during
all dives

The diver should surface,
establish positive
buoyancy, ingest glucose
and leave the water.
Assistance should be
available via informed
partner

Should be available at
surface (strongly
recommended)

Carb gel or glucose/fructose

solution should be carried by
both diver and partner

Signal partner then go to either

decompression level or start pair
ascent to surface.

Carb gel should be ingested
whilst underwater prior to
ascent. If hypo confirmed take
20 g carbs if fully awake or 1 g
glucagon IM if unconscious

Should be available at surface

Oral glucose tablets or tube of
glucose paste should be kept
in dive kit. A member of the
diving group should be
familiar to their use (not
required for T2D on diet
control or metformin)

n.r.

Should be carried in dive kit. A
member of the diving group
should be familiar to use

Should be carried in readily
accessible and ingestible
form at surface and during
all dives

The diver should surface,
establish positive buoyancy,
ingest glucose and leave the
water. Assistance should be
available via informed
partner

Should be available at surface
(strongly recommended).
Person at surface should be
familiar to use

Abbreviations: ADS; Australian Diabetes Society; SPUMS: South Pacific Underwater Medicine Society; UKDMC: United Kingdom Diving Medical Committee; UHMS: Undersea and
Hyperbaric Medical Society; DAN: Divers Alert Network; n.r.: no specific recommendation; BG: blood glucose; h: hour(s); min: minute(s); carb: carbohydrates; g: grams; BW: body weight; T2D:
type 2 diabetes; SU: sulfonylurea; hypo: hypoglycemia; CGM: Continuous glucose monitoring; SMBG: Self-monitoring of blood glucose; CSII: Continuous subcutaneous insulin infusion.
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Management of diabetes in individuals undertaking scuba diving

Summary of international guidelines

Suitability for diving

Scope of diving

Glucose management

« >18 years old
* Annual certification

* Satisfactory metabolic
control
* No significant complications

* >1 year since insulin Depth
Initiation <30m
* >3 months since significant
changes in regimen Max 2 /day
* No hospitalisation .
Duration
<60 min
r) * Adequate hypoglycaemia
H awareness

* No severe hypoglycaemia
during the last 12 months

I[Il

‘ -
Diving partner
(familiar with diabetes) - * Stable

‘-I

(pre- and post-dive)

S

Check BG

* 60 min pre-dive

* 30 min pre-dive

* Immediately pre-dive
* Immediately post-dive

¢ 7-16.7 mmol/L

* Consider ketones check

BG threshold if high BG

to dive

%

Cancel dive if:

* Unwell, unstable BGs
* BG >16 mmol/L
* Falling BG

Management of hypoglycaemia during diving

* Ketones

4@

Signal in case of Treat Ascend
hypoglycaemia
(‘L-signal’)

* Accessible treatment
underwater.

* Treat (glucose gel,
paste, solution, tablets)

* IM glucagon if
unconscious

* Check BG immediately
post-dive

* Frequent BG check for
12-15 hours after dive

g O

After dive
Reassess & treat
at surface S— * Log all dives
Parenteral glucose / - * Log all BG management
glucagon should be
available at surface Logbook

Abbreviations: BG: blood glucose; IM: intramuscular; m: metres; min: minute(s)

(2005); Swedish recommendations (2012/2019)

Sources: Australian Diabetes Society (2016), South Pacific Underwater Medicine Society (2010); United Kingdom Diving Medical Committee (2005); Undersea and Hyperbaric Medical Society/Divers Alert Network

Figure 1. A schematic overview of the recommendations for safe diving in people with diabetes mellitus.

respondents reported increasing carbohydrate con-
sumption before diving.

Only six subjects (including two insulin-treated
divers) reported checking BG post-dive; however,
none practiced in strict accordance to SPUMS or
UHMS guidelines. 16 (64%) individuals answered
that they were aware of relevant guidelines and rec-
ommendations and 10 (40%) of these responded
that these recommendations have influenced their
diving practice, particularly with respect to BG moni-
toring, increased diabetes vigilance, closer medical
follow-up and careful choice of diver partner. 12
(48%) divers reported having consultations with a
diving doctor, but only nine (36%) of them had fre-
quent assessments, at intervals of 6-12 months. Par-
ticipants considered as significant risks in diving with
diabetes the following: loss of consciousness either
underwater or at surface, confusion and DCI.

Discussion

Existing evidence in the field is limited, characterised
by a small number of studies and patients involved.
Moreover, there is a wide heterogeneity in terms of
study designs and explored outcomes, rendering the
extraction of definite conclusions challenging.
According to the outcomes of relevant studies, BG
levels tend to decline during diving, probably as a
result of changes in insulin requirements and resist-
ance, due to increased physical activity and effects
of hyperbaric environment on glucose tolerance.
Strict adherence to safety protocols, in conjunction
with optimal physical status, absence of diabetic com-
plications (especially hypoglycaemia unawareness)
and satisfactory baseline glycaemic control, seem to
minimise the risk for adverse events during diving.
However, healthcare providers should explain to the
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divers with T1D that neglecting the safety precau-
tions may result in harm or even death.

Data on the safety of occupational diving in people
with diabetes are even more limited. Older regu-
lations approached the issue in a very strict way,
excluding the vast majority of individuals with DM
from becoming professional divers, because of the
possibility of later disqualification due to compli-
cations [European Diving Technology Committee
(EDTC), 2003]. Under specific conditions, the
Committee suggested that people with DM might
be trained under medical supervision and become
divers exclusively for limited diving operations. In
the case of diabetes diagnosis in a professional
diver, it was recommended that a decision for disqua-
lification should not be spontaneous but decided on
the basis of the nature of the work and the quality
of diver’s glycaemic control.

Recent regulations, however, approach the issue in
a more flexible way, emphasising the need for judging
fitness to dive on an individual basis [Health and
Safety Executive (HSE), 2015]. A requirement for
professional divers’ regular, detailed assessment by
physicians with special interest in diabetes and
diving medicine is underlined by various regulatory
authorities (EDTC, 2019; HSE, 2015).

Factors to be considered are the nature of the work
and diving environment, the degree of control
achieved, as well as safety of the diver and partners
on the diving project. In general, people with diabetes
are unlikely to be certified for saturation diving (HSE,
2015). Also, it is clear that poor metabolic control,
hypoglycaemic episodes or development of diabetes
complications should lead to disqualification of com-
mercial divers, due to increased safety concerns. It is
also worth noting that regulations for judging fitness
to dive for SCUBA diving instructors with DM fall
into a grey area between recreational and occu-
pational diving.

Conclusions

Despite the limitations of available data, it can be said
that people with T1D, are capable of undertaking
underwater physical challenges with safety. Studies
including people with T2D are scarce to non-existing
and therefore, conclusions in this group of patients
cannot be drawn.

There are important gaps in our knowledge despite
the significant progress been made in understanding
the impact of diving on glycaemic homeostasis.
Several aspects of the adaptation processes of the
human body happening underwater have not yet
been sufficiently elucidated. Conduction of relevant
studies is difficult and costly, not being facilitated

by the underwater environment which is hostile as a
research setting.

Future studies in the field should focus on under-
standing the mechanisms behind the physiological
adaptations of human glucose homeostasis under
hyperbaric conditions. Development of CGM
systems that can provide accurate estimation of BG
concentrations underwater, could significantly con-
tribute to this direction, thus, further promoting our
understanding of the complex, still intriguing,
relationship between diving and diabetes.

Disclosure statement

No potential conflict of interest was reported by the authors.

ORCID

Theocharis Koufakis
5853-1352
Spyridon N. Karras
4225-2746

Omar G. Mustafa
3123-809X
Dimos Karangelis
7633-9949
Pantelis Zebekakis
8821-406X
Kalliopt Kotsa
740X

http://orcid.org/0000-0002-
http://orcid.org/0000-0002-
http://orcid.org/0000-0003-
http://orcid.org/0000-0001-
http://orcid.org/0000-0001-

http://orcid.org/0000-0003-2376-

References

Adolfsson, P., Ornhagen, H., & Jendle, J. (2008). The benefits of
continuous glucose monitoring and a glucose monitoring sche-
dule in individuals with type 1 diabetes during recreational
diving. Journal of Diabetes Science and Technology, 2, 778-784.

Adolfsson, P., Ornhagen, H., & Jendle, J. (2009). Accuracy and
reliability of continuous glucose monitoring in individuals
with type 1 diabetes during recreational diving. Diabetes
Technology & Therapeutics, 11, 493-497.

Arrighi, H. M., & Hertz-Picciotto, I. (1994). The evolving concept
of the healthy worker survivor effect. Epidemiology, 5, 189-196.

Australian Diabetes Society. (2016). Insulin-requiring diabetes and
recreational diving: Australian Diabetes Society position statement.
Retrieved from https://diabetessociety.com.au/position-
statements.asp.

Bonomo, M., Cairoli, R., Verde, G., Morelli, L., Moreo, A.,
Grottaglie, M. D., ... Marroni, A. (2009). Safety of recreational
scuba diving in type 1 diabetic patients: The deep monitoring
programme. Diabetes & Metabolism, 35, 101-107.

Bove, A. A. (1998). Risk of decompression sickness with patent
foramen ovale. Undersea & Hyperbaric Medicine, 25, 175-178.

Buzzacott, P. L. (2012). The epidemiology of injury in scuba
diving. Medicine and Sport Science, 58, 57-79.

Chateau-Degat, M. L., & Belley, R. (2012). Hyperbaric oxygen
therapy decreases blood pressure in patients with chronic
wounds. Undersea & Hyperbaric Medicine, 39, 881-8809.


http://orcid.org/0000-0002-5853-1352
http://orcid.org/0000-0002-5853-1352
http://orcid.org/0000-0002-4225-2746
http://orcid.org/0000-0002-4225-2746
http://orcid.org/0000-0003-3123-809X
http://orcid.org/0000-0003-3123-809X
http://orcid.org/0000-0001-7633-9949
http://orcid.org/0000-0001-7633-9949
http://orcid.org/0000-0001-8821-406X
http://orcid.org/0000-0001-8821-406X
http://orcid.org/0000-0003-2376-740X
http://orcid.org/0000-0003-2376-740X
https://diabetessociety.com.au/position-statements.asp
https://diabetessociety.com.au/position-statements.asp

Colberg, S. R. (2017). Key points from the Updated guidelines on
exercise and diabetes. Frontiers in Endocrinology, 8, 33.

Contreras, F. L., Kadekaro, M., & Eisenberg, H. M. (1988).
The effect of hyperbaric oxygen on glucose utilization in a
freeze-traumatized rat brain. FJournal of Neurosurgery, 55,
109-112.

Dear G de, L., Dovenbarger, J. A., Corson, K. S., Stolp, B. W., &
Moon, R. E. (1994). Diabetes among recreational divers.
Undersea & Hyperbaric Medicine, 21, 94.

Dear G de, L., Pollock, N. W., Uguccioni, D. M., Dovenbarger, J.,
Feinglos, M. N., & Moon, R. E. (2004). Plasma glucose
responses in recreational divers with insulin-requiring diabetes.
Undersea & Hyperbaric Medicine, 31, 291-301.

Dedov, I. 1., Lukich, V. L., Bol’shakova, T. D., Gitel, E. P., &
Dreval, A. V. (1987). Effect of hyperbaric oxygenation on
residual insulin secretion in patients with diabetes mellitus
type 1. Probl Endokrinol (Mosk), 33, 10-15.

DeGorordo, A., Vallejo-Manzur, F., Chanin, K., & Varon, J.
(2003). Diving emergencies. Resuscitation, 59, 171-180.

Edge, C. J., Grieve, A. P., Gibbons, N., O’Sullivan, F., & Bryson,
P. (1997). Control of blood glucose in a group of diabetic scuba
divers. Undersea & Hyperbaric Medicine, 24, 201-207.

Edge, C. J., St Leger Dowse, M., & & Bryson, P. (2005). Scuba
diving with diabetes mellitus — the UK experience 1991-2001.
Undersea & Hyperbaric Medicine, 32, 27-317.

Egi, S., Altepe, C., Pieri, M., Sinoplu, D., Cialoni, D., Ozyigit, T.,
... Marroni, A. (2018). Design and Implementation of an
underwater Telemetric glucose monitoring system for scuba
divers. Hittite Fournal of Science & Engineering, 5, 141-146.

Esler, M., Rumantir, M., Wiesner, G., Kaye, D., Hastings, J., &
Lambert, G. (2001). Sympathetic nervous system and insulin
resistance: From obesity to diabetes. American Fournal of
Hypertension, 14, 304S-S309.

European Diving Technology Committee. (2003). Fitness to dive
standards. Guidelines for Medical Assessment of Working Divers.
Retrieved from http://www.edtc.org/EDTC-Fitnesstodivesta
ndard-2003.pdf.

European Diving Technology Committee. (2019). Competence
Standards for Physicians of Occupational Diving and Tunnelling
Companies. Retrieved from http://www.edtc.org/DOCUMEN
TS/EDTC-DMA%20Competence%20Standards.pdf.

Faleo, G., Fotino, C., Bocca, N., Molano, R. D., Zahr-Akrawi, E.,
Molina, J., ... Pileggi, A. (2012). Prevention of autoimmune
diabetes and induction of B-cell proliferation in NOD mice by
hyperbaric oxygen therapy. Diabetes, 61, 1769-1778.

Fujita, N., Nagatomo, F., Murakami, S., Kondo, H., Ishihara, A.,
& Fujino, H. (2012). Effects of hyperbaric oxygen on metabolic
capacity of the skeletal muscle in type 2 diabetic rats with
obesity. The Scientific World Fournal, 2012. 637978.

Gawrecki, A., Zozulinska-Ziolkiewicz, D., Matejko, B.,
Hohendorff, J., Malecki, M. T., & Klupa, T. (2018). Safe
Completion of a Trail Running Ultramarathon by four Men
with type 1 diabetes. Diabetes Technology & Therapeutics, 20,
147-152.

Harrison, D., Lloyd-Smith, R., Khazei, A., Hunte, G., &
Lepawsky, M. (2005). Controversies in the medical clearance
of recreational scuba divers: Updates on asthma, diabetes mel-
litus, coronary artery disease, and patent foramen ovale. Current
Sports Medicine Reports, 4, 275-281.

Health and Safety Executive. (2015). The medical examination and
assessment of commercial divers (MAI). Retrieved from http:/
www.hse.gov.uk/pubns/mal.pdf.

Jendle, J., & Adolfsson, P. (2019). Continuous glucose monitoring
diving and diabetes: An update of the Swedish recommen-
dations. Journal of Diabetes Science and Technology. Advance
Online Publication, doi:10.1177/1932296819826584

Diving and diabetes: a review 15

Jendle, J., Adolfsson, P., & Ornhagen, H. (2012). Swedish rec-
ommendations on recreational diving and diabetes mellitus.
Diving and Hyperbaric Medicine, 42, 231-233.

Johnson, R. (2016a). A day in the life of a diabetic diver: The
undersea and hyperbaric medical society/divers alert network
protocol for diving with diabetes in action. Diving and
Hyperbaric Medicine, 46, 181-185.

Johnson, R. (2016b). Insulin-dependent diabetes mellitus and rec-
reational scuba diving in Australia. Diving and Hyperbaric
Medicine, 46, 181-185.

Koufakis, T., Karras, S. N., Mustafa, O. G., Zebekakis, P., &
Kotsa, K. (2018). The effects of high altitude on glucose
homeostasis, metabolic control, and other diabetes-related par-
ameters: From animal studies to real life. High Altitude Medicine
&  Biology. Advance online publication. doi:10.1089/
ham.2018.0076

Lee, K. L., Niu, K. C,, Lin, M. T., & Niu, C. S. (2013).
Attenuating brain inflammation, ischemia, and oxidative
damage by hyperbaric oxygen in diabetic rats after heat
stroke. Fournal of the Formosan Medical Association, 112, 454—
462.

Lerch, M., Lutrop, C., & Thurm, U. (1996). Diabetes and diving:
Can the risk of hypoglycaemia be banned? Spums Fournal/South
Pacific Underwater Medicine Society, 26, 62—66.

Lippmann, J., McD Taylor, D., Stevenson, C., Williams, J., &
Mitchell, S. J. (2017). Diving with pre-existing medical con-
ditions. Diving and Hyperbaric Medicine Journal, 47, 180-190.

Lippmann, J., Taylor, D. M., Stevenson, C., & Williams, J. W.
(2018). Challenges in profiling Australian scuba divers
through surveys. Diving and Hyperbaric Medicine Fournal, 48,
23-30.

Lormeau, B., Sola, A., Tabah, A., Chiheb, S., Dufaitre, L.,
Thurninger, O., ... Valensi, P. (2005). Blood glucose changes
and adjustments of diet and insulin doses in type 1 diabetic
patients during scuba diving (for a change in French regu-
lations). Diabetes & Metabolism, 31, 144-151.

Madsen, J., Hink, J., & Hyldegaard, O. (1994). Diving physiology
and pathophysiology. Clinical Physiology (Oxford, England), 14,
597-626.

Peleg, R. K., Fishlev, G., Bechor, Y., Bergan, J., Friedman, M.,
Koren, S., ... Efrati, S. (2013) Effects of hyperbaric oxygen on
blood glucose levels in patients with diabetes mellitus, stroke
or traumatic brain injury and healthy volunteers: A prospective,
crossover, controlled trial. Diving and Hyperbaric Medicine, 43,
218-221.

Pieri, M., Cialoni, D., & Marroni, A. (2016). Continuous real-time
monitoring and recording of glycemia during scuba diving: Pilot
study. Undersea & Hyperbaric Medicine, 43, 265-272.

Pollock, N. W., Uguccioni, D. M., Dear G de, L., Bates, S.,
Albushies, T. M., & Prosterman, S. A. (2006). Plasma
glucose response to recreational diving in novice teenage
divers with insulin-requiring diabetes mellitus. Undersea &
Hyperbaric Medicine, 33, 125-133.

Pollock, N. W., Uguccioni, D. M., & Dear G de, L. (2005).
Diabetes and recreational diving: Guidelines for the future.
Proceedings of the undersea and hyperbaric medical sociery/divers
alert network. Durham, NC: Divers Alert Network.

Ranapurwala, S. I., Kucera, K. L., & Denoble, P. J. (2018). The
healthy diver: A cross-sectional survey to evaluate the health
status of recreational scuba diver members of divers Alert
Network (DAN). PLoS One, 13, €0194380.

Ribeiro, M. ]J., Sacramento, J. F., Gonzalez, C., Guarino, M. P.,
Monteiro, E. C., & Conde, S. V. (2013). Carotid body
denervation prevents the development of insulin resistance
and hypertension induced by hypercaloric diets. Diabetes, 62,
2905-2916.


http://www.edtc.org/EDTC-Fitnesstodivestandard-2003.pdf
http://www.edtc.org/EDTC-Fitnesstodivestandard-2003.pdf
http://www.edtc.org/DOCUMENTS/EDTC-DMA%20Competence%20Standards.pdf
http://www.edtc.org/DOCUMENTS/EDTC-DMA%20Competence%20Standards.pdf
http://www.hse.gov.uk/pubns/ma1.pdf
http://www.hse.gov.uk/pubns/ma1.pdf
https://doi.org/10.1177/1932296819826584

16 T. Koufakis et al.

Ruder, K. (2006). Diving with diabetes. What you should know
before you dive in. Diabetes Forecast, 59, 61-62.

Shah, D. (2009). Healthy worker effect phenomenon. Indian
FJournal of Occupational and Environmental Medicine, 13, 77-79.

Sheeba, A., & Sultan, M. A. (2014). Incidents of decompression
illness among scuba divers: A review. Journal of Advances in
Medicine, 1, 10-18.

South Pacific Underwater Medicine Society (SPUMS). (2010).
Guideline on medical risk assessment for recreational diving.
Melbourne: South Pacific Underwater Medicine Society c/o
Australian and New Zealand College of Anaesthetists.

Taylor, L., & Mitchell, S. (2001). Diabetes as a contraindication to
diving: Should old dogma give way to new evidence? Spums
Fournal/South Pacific Underwater Medicine Society, 31, 44-48.

Taylor, D. M., O’Toole, K. S., & Ryan, C. M. (2002).
Experienced, recreational scuba divers in Australia continue
to dive despite medical contra-indications. Wilderness &
Environmental Medicine, 13, 187-193.

Torbati, D. (1985). Regional cerebral metabolic rate for glucose
immediately following exposure to two atmospheres absolute
oxygen in conscious rats. Neuroscience Letters, 55, 109-112.

Uguccioni, D. M., Pollock, N. W., Dovenbarger, J., Dear G de, L.,
& Moon, R. (1998). Blood glucose response to recreational

diving in insulin-dependent diabetics. Medicine & Science in
Sports & Exercise, 30, 195.

UK Diving Medical Committee. (2015). Diabetes Mellitus.
Retrieved from http://ukdmc.org/diabetes-mellitus/.

Van den Bergh, O., & Walentynowicz, M. (2016). Accuracy and
bias in retrospective symptom reporting. Current Opinion in
Psychiatry, 29, 302-308.

Vera-Cruz, P., Guerreiro, F., Ribeiro, M. J., Guarino, M. P., &
Conde, S. V. (2015). Hyperbaric oxygen therapy Improves
glucose homeostasis in type 2 diabetes patients: A likely involve-
ment of the carotid bodies. Advances in Experimental Medicine
and Biology, 860, 221-225.

Wilkinson, D., Chapman, I. M., & Heilbronn, L. K. (2012).
Hyperbaric oxygen therapy improves peripheral insulin sensi-
tivity in humans. Diabetic Medicine, 29, 986—989.

Wohl, D. (2011). Diving emergencies. Understanding concepts
related to diving will prove valuable in case of emergency.
EMS World, 40, 61-64.

Zeng, Y., Xie, K., Dong, H., Zhang, H., Wang, F., Li, Y., &
Xiong, L. (2012). Hyperbaric oxygen preconditioning protects
cortical neurons against oxygen-glucose deprivation injury:
Role of peroxisome proliferator-activated receptor-gamma.
Brain Research, 1452, 140-150.


http://ukdmc.org/diabetes-mellitus/
https://www.researchgate.net/publication/332600942

	Abstract
	Introduction
	Defining the “divers with diabetes” population
	The impact of hyperbaric environment on glucose homeostasis
	Glucose control during a simulated dive
	Into the deep, blue sea: real-world studies
	Continuous glucose monitoring systems: a valuable diving partner
	An interpretation of research findings
	A summary of recommendations
	Implementation of guidelines into real life
	Discussion
	Conclusions
	Disclosure statement
	ORCID

	References

