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A B S T R A C T

Hypoglycemia is a common and feared complication of insulin therapy. As in type 1 and type 2 diabetes,
people with cystic fibrosis related diabetes are also at risk for hypoglycemia related to insulin therapy.
Spontaneous hypoglycemia is also common in patients with CF without diabetes, who are not on glucose
lowering medications. Spontaneous hypoglycemia in CF may also occur during or after an oral glucose tol-
erance test. In this review, we will discuss the definition, epidemiology, pathophysiology and impact of
hypoglycemia, with a focus on people with cystic fibrosis. We will also review strategies to manage and
prevent hypoglycemia.
© 2019 The Authors. Published by Elsevier B.V. on behalf of European Cystic Fibrosis Society. This is an open

access article under the CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Background

Insulin therapy is essential for the management of cystic fibro-
sis related diabetes (CFRD). In patients with cystic fibrosis (CF),
insulin therapy is associated with improved nutritional and pul-
monary outcomes [1!4]. Iatrogenic hypoglycemia is a common
and feared complication of insulin therapy. In patients with type 1
and type 2 diabetes, iatrogenic hypoglycemia is considered a limit-
ing factor to achieving the glycemic control which has been shown
to prevent microvascular complications of diabetes [5]. As in type
1 diabetes (T1D) and type 2 diabetes (T2D), patients with CFRD are
also at risk for hypoglycemia related to insulin therapy. Spontane-
ous (reactive) and fasting hypoglycemia is also common in patients
with CF, including those not on any glucose lowering therapies.
However, as compared to T1Dand T2D, the literature surrounding
hypoglycemia in patients with CFRD is inadequate and limits our
understanding of its impact on the lives of people with CF. In this
paper, we will discuss the prevalence, physiology and impact of
hypoglycemia in diabetes, with a focus on hypoglycemia in CF. We
will also review the general principles of management and preven-
tion of hypoglycemia.

2. Definition of hypoglycemia

2.1. Definition of hypoglycemia in diabetes

Hypoglycemia is a condition characterized by abnormally low
plasma glucose, which puts patients at risk for injury and death [6].
The glycemic thresholds which elicit symptoms and counterregula-
tory hormone response can be impaired in patients on insulin or an
insulin secretagogue. This threshold is higher in patients with poorly
controlled diabetes and low exposure to hypoglycemia and lower in
patients with frequent exposure to hypoglycemia [6,7]. Therefore
assigning a single threshold value of plasma glucose to define hypo-
glycemia would not be appropriate [6]. Previous American Diabetes
Association guidelines defined iatrogenic hypoglycemia in patients
with diabetes as “all episodes of an abnormally low plasma glucose
concentration that expose the individual to potential harm” [6].

The International Hypoglycemia Study group (IHSG) recently pub-
lished a position statement [8] on the glucose concentrations that
should be used to define hypoglycemia in clinical trials (Table 1). This
statement has been adopted by the American Diabetes Association
and the European Association for the Study of Diabetes. The members
of the IHSG argued that it is important to identify a level of hypogly-
cemia that needs to be avoided because of its immediate and long
term risk to the individual [8]. A standard hypoglycemia value in clin-
ical studies would allow regulators and researchers to examine and
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compare the effectiveness of glucose lowering medications and other
interventions in reducing hypoglycemia [8].

Classification of hypoglycemia based on IHSG recommendations is
outlined in Table 1. The IHSG suggest that a glucose level of 70mg/dl
(3.9mmol/l) or less be called an alert value (level 1) because it suggests
the patient may be dropping towards a value of <54mg/dl (3.0mmol/l)
and that actions to avoid this drop should be taken. Level 2 hypoglyce-
mia is defined as a glucose concentration of <54mg/dl (<3.0mmol/l)
detected by self-monitoring of plasma glucose, continuous glucose
monitoring (for at least 20min), or a laboratory measurement of plasma
glucose. At a plasma glucose threshold of 54mg/dl (3.0mmol/l), neuro-
glycopenic symptoms begin to occur and immediate action is required
to prevent a serious hypoglycemia event [6]. Lastly, level 3 (“severe”)
hypoglycemia is defined as a severe event characterized by alteredmen-
tal and/or physical functioning that requires assistance.

2.2. Definition of spontaneous hypoglycemia in the absence of glucose
lowering therapies

Hypoglycemic disorders are rare in people without diabetes, who
are not on insulin or insulin secretagogue therapy. In the absence of
diabetes and glucose lowering therapies, hypoglycemia should not
be diagnosed solely on the basis of a low plasma glucose. Hypoglyce-
mia should be diagnosed in this setting when the Whipple's triad is
documented [9]. Establishing Whipple's triad requires presence of
typical symptoms of hypoglycemia with low plasma glucose concen-
tration and that the symptoms resolve when the glucose is raised [9].
Hypoglycemia in people without diabetes can be due to various
causes and further workup and management is recommended in
patients in whom Whipple's triad is established [9]. In patients with
CF, hypoglycemia in the absence of glucose lowering therapies may
be spontaneous or may be reported in the setting of an oral glucose
tolerance test (OGTT), as discussed later in this review.

3. Neuroendocrine responses to hypoglycemia in health and
diabetes

3.1. Normal physiological response to hypoglycemia

In healthy humans, there is a hierarchy of physiological responses to
lowering plasma glucose levels [10], which are initiated to restore nor-
mal glucose levels. Under normal physiology, the initial response to low-
ering glucose is reduction in insulin levels, followed by an increase in
counterregulatory hormones including glucagon, epinephrine, cortisol
and growth hormone [10]. Insulin levels begin to decline when glucose
levels are falling but still within the physiological range (~80mg/dl or
4.4mmol/l) [11]. A further decrement in plasma glucose to ~68mg/dl
(3.8mmol/l) elicits increased glucagon and epinephrine levels [12]. Glu-
cagon acts on the liver to increase glycogenolysis, stimulate gluconeo-
genesis and inhibit hepatic glucose uptake; leading to increased plasma
glucose [13]. Epinephrine increases hepatic glycogenolysis and gluco-
neogenesis, inhibits insulin secretion and insulin-mediated glucose
uptake [14] and also increases lipolysis [15], providing an alternate
source of energy. Activation of the sympathetic nervous system leading
to catecholamine release also results in development of typical

neurogenic symptoms of hypoglycemia. Besides the declining insulin
levels, glucagon is thought to play a primary role and epinephrine a sec-
ondary in recovery from hypoglycemia [16]. If glucose continues to fall
further, growth hormone is secreted at threshold of ~67mg/dl
(3.7mmol/l) and cortisol at ~55mg/dl (3.1mmol/l) [12]. The effects of
cortisol and growth hormone are thought to occur over several hours
and they may not play a critical role in recovery from acute hypoglyce-
mia [17].

3.2. Alterations in counterregulatory responses to hypoglycemia in
diabetes and CF

The physiological defenses against hypoglycemia are altered in peo-
ple with T1D and advanced T2D. Patients with diabetes treated with
exogenous insulin are not able to reduce insulin levels in setting of fall-
ing glucose. In patients with T1D, the glucagon response to hypoglyce-
mia is also compromised. The lack of an increase in glucagon in
response to hypoglycemia is attributed to b cell failure, preventing nor-
mal paracrine interaction between a and b-cells in the pancreatic islet
[18]. With the first two steps in the physiological defense against hypo-
glycemia compromised, patients with T1D and those with advanced
T2D must depend on hypoglycemia-induced catecholamine secretion
to prevent them from experiencing neuroglycopenia [13]. However,
with repeated exposure to hypoglycemia, the glycemic threshold of
hypoglycemia-induced catecholamine release is shifted to a lower glu-
cose level and in some patients may not occur before the onset of neu-
roglycopenia. This attenuation of the sympathoadrenal response to
hypoglycemia is thought to cause the clinical syndrome of impaired
awareness of hypoglycemia [13,18].

Hypoglycemia-induced glucagon secretion has been shown to be
diminished in patients with CF and exocrine pancreatic insufficiency
[19]. However, subjects in this study showed normal recovery from
hypoglycemia, likely due to a normal epinephrine response. Cystic
fibrosis transmembrane conductance regulator (CFTR) protein may
be expressed in the a cells and mutations in CFTR may contribute to
the dysregulated glucagon secretion in patients with CF [20],
although this is controversial [21].

3.3. Hypoglycemia in CF in the absence of diabetes and glucose lowering
therapies

Spontaneous hypoglycemia in the absence of glucose lowering
therapies is also common in patients with CF, and can occur both in
the fasting and post-prandial state. It is frequently noted during
OGTT and has also been noted on continuous glucose monitoring
(CGM) [22]. The pathophysiology underlying spontaneous hypogly-
cemia in patients with CF is not well understood.

Fasting hypoglycemia in patients with CF has been attributed to
malnutrition combined with increased energy expenditure due to
underlying inflammation or acute infection [2]. Fasting hypoglycemia
could also occur in the setting of adrenal insufficiency [23]. Patients
with CF are at risk of iatrogenic adrenal insufficiency following with-
drawal from systemic glucocorticoid therapy. However, in one study
fasting hypoglycemia was associated with dysregulation of basal
insulin secretion. In this study, investigators noted that in some non-
diabetic patients with CF (who did have signs of malnutrition), basal
insulin and c-peptide concentrations were not appropriately reduced
with lower fasting plasma glucose [24].

Post-prandial or reactive hypoglycemia in CF has been attributed
to delayed and extended insulin release with a blunted glucagon
response. In one study, patients who developed hypoglycemia during
an OGTT had a delayed insulin response to the glucose load and had a
higher insulin level at 120min compared to patients who did not
develop hypoglycemia [22]. In contrast, Armaghanian et al. [25] in a
recent study noted that patients who developed hypoglycemia at
120min had lower insulin levels compared to subjects who did not.

Table 1
Definition of hypoglycemia.

Classification of hypoglycemia [8,56]

Level Glycemic criteria/description

Level 1 Glucose <70mg/dl (3.9mmol/l) and glucose >54mg/dl (3.0mmol/l)
Level 2 Glucose <54mg/dl (3.0mmol/l)
Level 3 A severe event characterized by altered mental and/or

physical status requiring assistance (often referred to as “severe hypo-
glycemia” in the literature)
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Authors of this study speculated that in the absence of an exagger-
ated insulin response, abnormalities in glucose metabolism related to
glucagon and incretin hormones may play a role in development of
reactive hypoglycemia in CF. Glucagon-like peptide 1 (GLP-1) and
glucose-dependent insulinotropic polypeptide (GIP) are incretin hor-
mones secreted from the gut in response to ingestion of meals. The
primary action of incretin hormones is to stimulate insulin and to
inhibit glucagon secretion is response to nutrient ingestion [26].
Dipeptidyl peptidase-4 (DPP-4) inhibitors are a class of oral anti-
hyperglycemic agents approved for use in T2D [27]. This class of med-
ications act by inhibiting the enzyme DPP-4, which is responsible for
degradation of incretin hormones like GLP-1 and GIP. In one study,
sitagliptin (a DPP-4 inhibitor) reduced symptom of reactive hypogly-
cemia by potentially improving the early phase of insulin secretion
[28]. Future research is needed to examine if DPP-4 inhibitors could
be used as a novel approach to prevent reactive hypoglycemia.

3.4. Symptoms of hypoglycemia

Symptoms of hypoglycemia are traditionally divided into those
attributable to hypoglycemia induced activation of the autonomic
nervous system (neurogenic) and those triggered by brain depriva-
tion of glucose (neuroglycopenic) [29,30]. Neurogenic symptoms
include shakiness/tremors, palpitations, anxiety, sweating, hunger
and tingling [12,29] (Table 2). These symptoms are critical to percep-
tion of hypoglycemia and alert patients to take corrective action.
Neuroglycopenic symptoms include warmth, weakness, difficulty
thinking, drowsiness, confusion, dizziness, and blurred vision [12,29].
Severe hypoglycemia could lead to seizures, coma and rarely even
death. During experimental hypoglycemia in healthy volunteers,
neurogenic symptoms were shown to begin at a threshold of ~58mg/
dl (3.2mmol/l), whereas neuroglycopenic symptoms started at lower
threshold of 51mg/dl (2.8mmol/l) [12].

3.5. Prevalence of hypoglycemia

3.5.1. Prevalence of hypoglycemia in diabetes
A global observational study that included >27,000 insulin

treated patients with diabetes found that 83% of people with T1D and
46.5% with T2D reported at least one episode of hypoglycemia over
4weeks [31]. Other studies report that non-severe hypoglycemia
occurs on average about twice weekly in people with T1D [32].
Severe hypoglycemia is also common in both T1D and insulin treated
T2D and is associated with diabetes duration. In one observational
study, annual prevalence of severe hypoglycemia was around 20% in
patients with T2D who were on insulin for >5 years and exceeded
40% in people with T1D who had the disease for >15 years [33].

There are limited data about prevalence of hypoglycemia in
patients with CFRD on insulin therapy. Tierney et al. [34], asked
patients with CFRD to record episodes of low glucose in a prospective
diary for one week. Twenty subjects with CFRD completed the diary

and 58% of these participants reported having two or more episodes
of hypoglycemia in one week. In the CFRDT trial [1], 16% of the
patients on premeal aspart insulin and 23% on repaglinide reported
non-severe hypoglycemia during the first 3months, which was sig-
nificantly higher compared to the placebo arm. In a 12-week trial of
basal insulin (NPH or glargine) in CFRD, investigators reported that
over the treatment period, non-severe hypoglycemia occurred on
average 6 times in patients assigned to glargine and 5 times in those
assigned to NPH. [35]. Severe hypoglycemia is thought be rare in
patients with CFRD and there were no episodes of severe hypoglyce-
mia reported in either of these trials of insulin therapy in CFRD.

Hypoglycemia in insulin treated patients with CFRD is also com-
mon in the inpatient setting and was found to be associated with
higher rate of future readmissions [36]. In this study, 6.1% of all the
measured capillary blood glucose measurements were in the hypo-
glycemia range (< 72mg/dl (4mmol/l)), with the higher proportion
of low glucose readings during the nighttime. Capillary blood glucose
measurements with point-of-care (POC) glucose meters can be less
accurate in the hypoglycemia range [6,37]. In the inpatient and criti-
cal care settings, the accuracy of POC meters may be compromised
due to variations in blood oxygen, hematocrit, changes in microcircu-
lation and use of vasopressor therapy [6,37].

3.5.2. Prevalence of spontaneous hypoglycemia in CF
Reactive hypoglycemia is commonly noted during or after OGTT in

patients with CF and is usually asymptomatic. In a systematic review,
Armaghanian and colleagues reported that rates of hypoglycemia unre-
lated to diabetes in CF ranged between 7 and 69% in different studies
[38]. The wide range in prevalence between different studies is likely
due to varying definitions of hypoglycemia and differences in study
design. Three hour OGTTs are more likely to lead to reactive hypoglyce-
mia compared to standard 2 h OGTTs [38,39]. In one study, fasting hypo-
glycemia (blood glucose <60mg/dl (3.9mmol) was noted in 14% and
reactive hypoglycemia (blood glucose<50mg/dl (2.8mmol/l)) in 15% of
the OGTTs performed [24]. None of the subjects in this study reported
symptoms with fasting or reactive hypoglycemia, even when blood glu-
cose was below 50mg/dl. However, other studies have reported symp-
tomatic hypoglycemia during OGTT in individuals who do not have CF
[38,39]. In healthy individuals undergoing OGTT, the average nadir glu-
cose was noted to be 63mg/dl (3.5mmol/l) and 25% of subjects had a
nadir glucose of 55mg/dl (3mmol/l) or less [40]. Based on these data,
the frequency of hypoglycemia seen during OGTT in patients with CF
does not appear to be higher than in people without CF.

Continuous glucose monitoring (CGM) has been utilized to examine
the prevalence of spontaneous hypoglycemia in CF under free living
conditions. In a study of children and adolescents with CF aged
5!18 years, OGTT and CGMwere sequentially performed in 45 subjects
[22]. In this study, the frequency of hypoglycemia was 13.3% during the
2-h OGTT, and 27.5% of individuals spent !3% time hypoglycemic dur-
ing 3 days of CGM use. None of the subjects reported symptoms of
hypoglycemia during OGTT. These data suggest that CGM may be the
most sensitive method to detect spontaneous hypoglycemia in CF [41].

3.6. Risk factors associated with hypoglycemia

In patients with diabetes, iatrogenic hypoglycemia is caused by
treatment with insulin, sulfonylureas or glinides. Mismatch between
the insulin dose and exogenous glucose intake is a frequent cause of
hypoglycemia and can occur due to too much insulin (excessive,
incorrectly timed or the wrong type of insulin dosed) or too little car-
bohydrate (missed, delayed or low carbohydrate meals or insufficient
extra carbohydrate consumed during exercise). Factors that compro-
mise a patient's defenses against falling blood glucose can also
increase the risk of hypoglycemia (Table 3). Iatrogenic hypoglycemia
is associated with several clinical risk factors including older age,
duration of diabetes, endogenous insulin deficiency, presence of

Table 2
Symptoms of hypoglycemia.

Symptoms of hypoglycemia [12,29,30]

Neurogenic Neuroglycopenic

Shakiness/tremors Warmth
Tremors Weakness
Palpitations Difficulty thinking
Anxiety Tiredness
sweating Dizziness
Hunger Confusion
Tingling Blurry vision

Seizures
Coma
Death
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other comorbidities like renal or liver disease and cognitive
impairment [6,33]. Tight glycemic control has been associated with
increased risk of severe hypoglycemia both in people with T1D and
T2D [42,43]. Patients with diabetes who develop impaired awareness
of hypoglycemia have 6-fold increased risk of developing severe
hypoglycemia [44]. Exercise impacts glucose utilization and insulin
sensitivity and can increase the risk of hypoglycemia during or even
several hours after a bout of exercise. Alcohol ingestion increases the
risk of hypoglycemia by reducing endogenous glucose production.
Comorbidities like renal and hepatic failure can reduce the clearance
of insulin [45]. Several physiological and behavioral factors associated
with risk of iatrogenic hypoglycemia are listed in Table 3.

4. Consequences of hypoglycemia

4.1. Impact of iatrogenic hypoglycemia

The impact of an episode of hypoglycemia in patients with diabetes
can range from development of mild symptoms to rarely seizure,
coma or death. As discussed earlier, hypoglycemia can lead to develop-
ment of autonomic symptoms including palpitations, tremors, anxiety,
hunger and sweating. These symptoms can be bothersome and lead to
interruptions in daily activities, but in addition to triggering endoge-
nous responses to correct hypoglycemia, they alert the patient to the
need to take corrective action and thus are an important safety mecha-
nism. Neuroglycopenic symptoms include drowsiness, difficulty con-
centrating or confusion. The impairment of cognitive function due to
hypoglycemia can limit patient's ability to perform complex tasks and
increase risk of suffering physical injury as a result of falling or driving
accidents. There is clear evidence that insulin induced hypoglycemia
can be fatal [46]. Severe and prolonged hypoglycemia can cause brain
death, but most episodes of fatal hypoglycemia are thought to be due
to other mechanisms like cardiac arrhythmia [46].

Exposure to recurrent episodes of iatrogenic hypoglycemia, can
lead to development of impaired awareness of hypoglycemia [18].
Counterregulatory responses to hypoglycemia are markedly reduced
in subjects with impaired awareness of hypoglycemia and these indi-
viduals do not develop the typical adrenergic symptoms in response
to lowering plasma glucose [6]. In these patients, the first sign of
hypoglycemia can be confusion or other symptoms of neuroglycope-
nia. Impaired awareness of hypoglycemia is reported to be present in
20% of people with T1D [44]. Impaired awareness of hypoglycemia
has not been examined in depth in CFRD but is thought to be uncom-
mon in patients with CF [2].

Hypoglycemia and fear of hypoglycemia can negatively affect the
quality of life and activities of daily living in people with diabetes
[47,48]. Episodes of severe and nocturnal hypoglycemia are associated
with greater worry and decreased perceived health status [48]. In one
study, patients who experienced severe hypoglycemia were more
affected in aspects of daily living like traveling, driving, exercising and
socializing compared to patients who experienced only non-severe
hypoglycemia [48]. Recurrent hypoglycemia has also been associated
with mood disorders including depression and anxiety [47,49].

In a cross sectional study, Tierney et al. [34] compared patients' self-
reported experiences of hypoglycemia and diabetes-specific health-

related quality of life (HRQoL) measures between patients with CFRD
and T1D. The authors found that diabetes in patients with CF had less of
a negative impact on HRQoL compared to T1D. In this study the severity
of symptoms (particularly neuroglycopenic symptoms) and not the fre-
quency of hypoglycemia events correlated with worse HRQoL.

4.2. Does spontaneous hypoglycemia in CF predict poor clinical
outcomes?

It has been hypothesized that reactive hypoglycemia seen during
OGTT could be a precursor or predictor of the development of CFRD and
that the mechanism of insulin dysregulation that leads to reactive hypo-
glycemia may lead to CFRD [50]. However, recent studies have not sup-
ported this hypothesis. Radike et al. [51] found that hypoglycemia during
OGTT did not predict higher risk of development of CFRD or impaired glu-
cose tolerance. In another recent studyMannik et al. [52], found that sub-
jects who experienced hypoglycemia during OGTT had lower rates of
progression to CFRD compared subjects with no hypoglycemia during
OGTT. Reactive hypoglycemia and higher variability in glucose reading on
CGM has been associated with lower FEV1 in patients with CF, indepen-
dent of the nutritional status [22]. More research is needed to understand
the clinical relevance of asymptomatic spontaneous low plasma glucose
readings noted during OGTT or CGMmonitoring in patients with CF.

5. Management of hypoglycemia

5.1. Strategies to prevent hypoglycemia

Prevention of hypoglycemia is a key component of diabetes man-
agement. Current CFRD guidelines recommend that patients with
CFRD and their care partners should receive education about symp-
toms, prevention and treatment of hypoglycemia [2]. Diabetes health
care providers should routinely evaluate the risk of hypoglycemia in
patients with CFRD on insulin therapy. Patients at risk for hypoglyce-
mia should be asked about symptomatic and asymptomatic hypogly-
cemia. The treatment regimen and glycemic targets should be
reevaluated in patients experiencing recurrent non-severe or one or
more episodes of severe hypoglycemia.

5.1.1. Self-monitoring of blood glucose
Self-monitoring of blood glucose (SMBG) is an essential part of

diabetes management to assess the response to treatment and moni-
tor for hypoglycemia. Current guidelines recommend that patients
with CFRD who are treated with insulin should perform SMBG at
least three times daily. However, some patients may need to check
glucose levels more frequently based on physical activity, dietary
changes, illness or history of frequent hypoglycemia. Recent advances
in technology have provided patients and providers with new tools
for glucose monitoring and insulin delivery. CGM can not only pro-
vide real time glucose readings but also gives information about the
direction and rate of change of glucose levels. CGM use has been
shown to reduce both day time and nocturnal hypoglycemia in sub-
jects with T1D [53,54]. CGM use can be considered in patients with
CFRD complicated by recurrent hypoglycemia. Recently, hybrid
closed loop (HCL) insulin pump/sensor systems have become avail-
able to use in patients with diabetes. In these systems, data from a
CGM device are communicated to an insulin pump, which uses insu-
lin dosing algorithms to automatically adjust the basal insulin rates.
The system is “hybrid” because it is not fully automatic, as patients
must still calculate and bolus for carbohydrate intake. HCL has been
to shown to improve glycemic control and reduce hypoglycemia [55]
(for additional details see Chan et al. [61]).

5.1.2. Management during acute illness
During acute illness or systemic glucocorticoid treatment, patients

with CFRD often develop significant insulin resistance with higher

Table 3
Factors that increase risk of Iatrogenic hypoglycemia.

Long duration of diabetes
Endogenous insulin deficiency
Strict glycemic control
Impaired aware of hypoglycemia
Alcohol consumption
Exercise
Impaired renal or hepatic function
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insulin needs. During recovery from illness, insulin requirements
gradually return to baseline and during this period careful monitor-
ing is needed to avoid hypoglycemia. Some patients with CFRD eat
multiple small meals throughout the day (grazing meal pattern) and
can be managed with single daily dose of basal insulin. These patients
are at risk of developing hypoglycemia if they skip meals or have pro-
longed periods of fasting while usual basal insulin is on board, for
example during illness with reduced appetite. Patients should receive
education about factors that increase the risk of hypoglycemia, so
they can anticipate situations when they may be at risk.

5.1.3. Management during exercise
Patients with CFRD are encouraged to exercise. Increased insulin

sensitivity after aerobic exercise may last for several hours. Exercise-
related hypoglycemia can be prevented by carefully monitoring
blood glucose levels during and after exercise. Strategies to prevent
exercise related hypoglycemia include a pre-exercise snack, adjust-
ment of the insulin dose for the meals/snacks preceding and after the
exercise, utilizing a temporary basal rate if on an insulin pump, or
consuming an extra bedtime snack. These strategies should be indi-
vidualized according to the type and intensity of exercise, the pre-
exercise glucose, and patient-related risk factors of hypoglycemia.

5.2. Treatment of acute hypoglycemia

The American Diabetes Association (ADA) Standards of Care [56] rec-
ommends 15!20 g of fast acting oral glucose as the preferred treatment
for a conscious individual with a glucose at or below the hypoglycemia
alert level (<70mg/dl (3.9mmol/l)). Patient should retest after 15min
and if the glucose remains low, the treatment should be repeated. These
steps could be repeated until glucose is above 70mg/dl (3.9mmol/l).
Once glucose level recovers to normal, individual should consider eating
a meal or snack to prevent the recurrence of hypoglycemia. Co-ingestion
of fat could delay absorption of carbohydrates and may delay recovery
from hypoglycemia. Carbohydrate sources with high protein should also
be avoided in treatment of acute hypoglycemia. In patients with T2D, die-
tary proteins have been shown to increase the endogenous insulin
response [57]. In a patient with severe hypoglycemia, who is too con-
fused or obtunded to consume oral carbohydrate; active assistance of
another person is required. In the hospital setting, hypoglycemia can be
reversed quickly by administering 25 g of 50% glucose (dextrose) intrave-
nously. In patients without intra venous (IV) access immediate adminis-
tration of glucagon is indicated for the emergency treatment of severe
hypoglycemia. Glucagon can be administered by subcutaneous, intra
muscular or nasal route. A nasally administered formulation of glucagon
was recently approved by the FDA for treatment of severe hypoglycemia
in patients (4 years and above) with diabetes. The glycemic response to
IV glucose or glucagon is transient. Therefore initial treatment may need
to be followed by continuous glucose infusion or oral intake if patient is
able to eat. Patients frequently experience nausea and vomiting after
administration of glucagon. If a patient treated with ambulatory insulin
pump experiences severe hypoglycemia; basal insulin delivery should be
temporarily suspended until hypoglycemia is resolved.

6. Potential impact of CFTR modulation

Improved insulin secretion after oral and IV glucose tolerance
testing has been shown following ivacaftor treatment in CF patients
with the G551D mutation [58,59]. These pilot studies provide evi-
dence that CFTR modulation may impact islet cell function. In a ran-
domized double-blind, placebo controlled trial of ivacaftor,
hypoglycemia was reported as an adverse effect in the treatment arm
[60]. CFTR has been shown to be involved in the regulation of gluca-
gon secretion in human and rodent a cells [20]. These data provide
early evidence that treatment with CFTR modulator may impact glu-
cose homeostasis and could potentially impact risk of hypoglycemia

in CFRD. Ongoing and future studies of CFTR modulators will provide
more insights into the role of CFTR in islet cell function in humans.

7. Future directions

There are significant knowledge gaps in our understanding of
hypoglycemia in patients with CF. Future studies are needed to better
understand the rates of non-severe, nocturnal and severe hypoglyce-
mia in CFRD. Studies are also needed to identify which patients with
CF are at greater risk of hypoglycemia and how hypoglycemia may
impact quality of life measures. More research is needed to better
define spontaneous hypoglycemia in CF and understand its underlying
mechanisms. Research is needed to examine if spontaneous hypogly-
cemia in CF is associated with clinically relevant outcomes. Future
studies will also provide insights about the use of technology like CGM
and closed loop insulin pump systems to reduce the impact of hypo-
glycemia and improve quality of life measures in patients with CFRD.

8. Clinical practice points

" Patients with CFRD on insulin therapy are at risk of developing
hypoglycemia.

" Patients with CFRD on insulin therapy and their care partners
should be educated about hypoglycemia including use of glucagon.

" Diabetes care providers should routinely ask patients about
hypoglycemia during clinic visits.

" Patients should be counseled about exercise and its impact of
blood glucose.

" Glycemic targets and the diabetes regimen should be modified in
patients who are experiencing recurrent hypoglycemia.

" Consider use of CGM and/or insulin pump therapy as appropriate
in patient with difficult to manage hypoglycemia or a history of
impaired awareness of hypoglycemia.

9. Summary

Spontaneous hypoglycemia (e.g. occurring after meals or during glu-
cose tolerance test) can occur in people with CF, but more research is
needed to determine the clinical significance of this phenomenon. On
the other hand, iatrogenic hypoglycemia is known to cause significant
morbidity in many patients with diabetes. Several factors that increase
the risk of hypoglycemia in diabetes are modifiable. To reduce the risk of
hypoglycemia, it is important for the patients, their caregivers and medi-
cal providers to first recognize this problem and consider individual risk
factors andmodify treatment strategies and glycemic goals appropriately.
Advances in the glucose monitoring and insulin delivery devices includ-
ing the closed loop systems have the potential to greatly reduce and
even eliminate the burden of hypoglycemia.
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