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A B S T R A C T   

Spontaneous episodes of hypoglycemia can occur in people with cystic fibrosis (CF) without diabetes, who are 
not on glucose lowering medications. Spontaneous hypoglycemia in CF could occur both in the fasting or 
postprandial state (reactive hypoglycemia). The pathophysiology of fasting hypoglycemia is thought to be related 
to malnutrition and increased energy expenditure in the setting of inflammation and acute infections. Reactive 
hypoglycemia is thought to be due to impaired first phase insulin release in response to a glucose load, followed 
by a delayed and extended second phase insulin secretion; ineffective counterregulatory response to dropping 
glucose levels may also play a role. The overall prevalence of spontaneous hypoglycemia varies from 7 to 69% as 
examined with oral glucose tolerance test (OGTT) or with continuous glucose monitoring (CGM) under free 
living conditions. Spontaneous hypoglycemia in CF is associated with worse lung function, higher hospitalization 
rates, and worse clinical status. In addition, patients with CF related diabetes on glucose-lowering therapies are 
at risk for iatrogenic hypoglycemia. In this article, we will review the pathophysiology, prevalence, risk factors, 
clinical implications, and management of spontaneous and iatrogenic hypoglycemia in patients with CF.   

Background 

People with cystic fibrosis (CF) are at risk for both spontaneous and 
iatrogenic hypoglycemia. Impaired glucose tolerance and cystic fibrosis 
related diabetes (CFRD) are common complications of CF. Individuals 
with CFRD on insulin and other glucose lowering therapies are at risk for 
iatrogenic hypoglycemia, similar to patients with other types of diabetes 
mellitus. In addition, children and adults with CF without diabetes who 
are not on glucose-lowering therapy are also at risk for spontaneous 
hypoglycemic episodes. In this article, we will review the definition and 
normal physiologic response to hypoglycemia [1]. We will then review 
the prevalence, pathophysiology, risk factors and management of both 
iatrogenic and spontaneous hypoglycemia in people with CF. We will 
utilize clinical cases to illustrate these hypoglycemic disorders in CF. 

Defining hypoglycemia 

Spontaneous hypoglycemia 

Plasma glucose concentrations under normal physiologic conditions 
are maintained within a narrow range [2]. Hypoglycemia is uncommon 
in the absence of diabetes and glucose-lowering therapies due to the 
presence of effective and redundant counterregulatory mechanisms to 
declining glucose levels [2,3]. Plasma glucose levels below the normal 
range can lead to development of symptoms and signs of hypoglycemia 
and puts the person at risk of serious harm [4,5]. It is challenging to 
establish a single biochemical threshold of plasma glucose level to define 
spontaneous hypoglycemia in people without diabetes, and spurious low 
plasma glucose results can be misleading [3]. Healthy individuals start 
experiencing typical symptoms of hypoglycemia once the plasma 
glucose level is below 60 mg/dl [6]. It is recommended to diagnose 
hypoglycemia in this setting when Whipple’s triad is documented [4]. 
Establishing Whipple’s triad requires 1. Presence of typical symptoms of 
Hypoglycemia, 2. Low plasma glucose concurrent with symptoms, and 
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3. Relief of symptoms when glucose level increases [3]. 

Classification of hypoglycemia in diabetes 

Hypoglycemia is a common adverse effect of insulin and insulin 
secretagogue (sulfonylureas, meglitinides) therapy and is associated 
with both acute and long-term negative health consequences [7,8]. 
Current recommendations classify hypoglycemia in diabetes into 3 
levels, which are listed in Table 1 [9,10]. This classification was pro
posed by The International Hypoglycemia Study Group and has been 
endorsed by the American Diabetes Association and the European As
sociation for the Study of Diabetes. Level 1 hypoglycemia (i.e., plasma 
glucose < 70 mg/dL but ≥ 54 mg/dL) is not true hypoglycemia but 
considered an alert level. In people without diabetes, plasma glucose 
below 70 mg/dL could be normal; but in people with diabetes on glucose 
lowering therapies, this level should alert the patient to take interven
tion to prevent the glucose level from dropping further into the level 2 
hypoglycemia range [9,10]. Level 2 (glucose < 54 mg/dL) is considered 
clinically important as the patient can develop neuroglycopenic symp
toms at this threshold and requires immediate intervention to prevent 
severe (Level 3) hypoglycemia. Neuroglycopenic symptoms include 
diaphoresis, feeling dizzy or confused, fatigue, and blurry vision [6,11]. 
This threshold of hypoglycemia is also associated with development of 
impaired awareness of hypoglycemia, cardiac arrhythmia, and mortality 
[9,10]. Lastly, there is no specific glycemic threshold for Level 3 hypo
glycemia, but it is defined as a severe event leading to altered mental 
status that requires external assistance to recover from hypoglycemia. 

Normal physiologic counterregulatory response to hypoglycemia 
and alterations in diabetes 

The normal physiological response to declining plasma glucose levels 
in humans is to first decrease endogenous pancreatic islet β-cell insulin 
secretion followed by increase in islet α-cell glucagon secretion [2]. 
When plasma glucose levels decrease below ~ 80 mg/dL (4.4 mmol/L) 
[12], insulin levels begin to decline. Once plasma glucose levels drop 
below ~68 mg/dL (3.8 mmol/L), glucagon and epinephrine levels in
crease, with the former playing the primary role and the latter a sec
ondary role [6,13–15]. Growth hormone (GH) levels rise when glucose 
is ~ 67 mg/dL and cortisol when glucose is ~ 55 mg/dL (3.1 mmol/L), 
however they likely do not play a critical role in acutely restoring 
euglycemia since their effects are more protracted over several hours 
[1,6,16]. Patients with diabetes who are treated with exogenous insulin 
cannot reduce circulating insulin levels in response to lowering glucose. 
In insulin-deficient diabetes, the glucagon response to declining glucose 
is also lost and these patients are therefore dependent on the sym
pathoadrenal response as the first line of defense to prevent progression 
and recovery from hypoglycemia [2]. Repeated exposure to iatrogenic 
hypoglycemia can further impair the sympathoadrenal response and 
lead to development of impaired awareness of hypoglycemia. 

Spontaneous hypoglycemia in CF 

Case 1: 27 year-old female with CF and pancreatic insufficiency (PI), 

without prior history of CFRD. The patient complains of frequent 
symptoms of shakiness, tremors, dizziness and occasionally sweating 
2–3 h after meals. She underwent monitoring of glucose trends utilizing 
a diagnostic continuous glucose monitor (CGM) and kept a diary of 
symptoms during this period (Fig. 1). Average sensor glucose was 112 
mg/dL over 14 days with variability of 31%. 91% of the readings were 
between 70 and 180 mg/dL, 4% were between 181 and 200 mg/dL and 
4% of readings were below 54 mg/dL. There was a pattern of hypo
glycemia after post meal spikes in glucose readings and the low glucose 
readings corresponded with her symptoms, thereby supporting the 
diagnosis of reactive hypoglycemia. 

Case 2: 19 year-old male with CF and PI. Growth percentiles are as 
follows: height 88%, weight 61%, and BMI 32%. FEV is 104% of pre
dicted. No known history of CFRD. He was previously on lumacaftor/ 
ivacaftor, switched to tezacaftor/ivacaftor, and then later switched to 
elexacaftor/tezacaftor/ivacaftor. His three most recent 2-hour OGTTs 
were notable for low 2-hour glucose levels of 56 mg/dL, 31 mg/dL, and 
57 mg/dL. The patient says that he felt completely normal before, dur
ing, and after the 2-hour OGTT. He denies any symptoms suggestive of 
hypoglycemia in free-living conditions. 

Frequency of spontaneous hypoglycemia in CF 

People with CF without diabetes are recommended to undergo 
annual oral glucose tolerance test (OGTT) to screen for CFRD starting at 
age 10 years. Spontaneous hypoglycemia is most commonly reported in 
people with CF in the setting of an OGTT. Additionally, the prevalence of 
hypoglycemia has been examined by utilizing CGM in free-living con
ditions. Case 1 and 2 illustrate two common clinical scenarios of spon
taneous hypoglycemia in people with CF. A systematic review that 
included 11 studies reported that the prevalence of hypoglycemia during 
or after an OGTT ranged from 7 to 59% and hypoglycemia detected 
using CGM ranged from 13 to 69% [17]. The prevalence of fasting hy
poglycemia in CF patients prior to an OGTT has been reported to range 
between 5 and 13% [17]. This wide range in prevalence of 

Table 1 
Classification of hypoglycemia in diabetes [9,10].  

Classification of hypoglycemia 

Level Name Glycemic criteria/description 

Level 
1 

Hypoglycemia 
alert 

Glucose < 70 mg/dL and ≥ 54 mg/dL 

Level 
2 

Clinically 
important 

Glucose < 54 mg/dL 

Level 
3 

Severe A severe event characterized by altered mental and/ 
or physical status requiring assistance  

Fig. 1. Continuous glucose monitor (CGM) trendline in a person with CF 
without diabetes with spontaneous hypoglycemia. CGM tracing for 4 days show 
post prandial hyperglycemia ( ) followed by reactive hypoglycemia ( ). 
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hypoglycemia is likely due to lack of a unifying definition for hypogly
cemia, as well as differences in study design. Biochemical cutoffs to 
define hypoglycemia in the CF studies vary from to < 72 mg/dL (4 
mmol/L) to < 50 mg/dL (2.8 mmol/L)) [17]. 

Hypoglycemia on OGTT has been well described in healthy in
dividuals without diabetes. In 1983, Lev-Ran reported that the median 
nadir glucose on OGTT in people without diabetes (N = 400) was 63 mg/ 
dL; the 10th percentile was a nadir of 48 mg/dL, and the 2.5th percentile 
was a nadir of 41 mg/dL. The nadir typically occurred at 3–4 hr. The 
authors concluded that in the absence of symptoms, these low plasma 
glucose episodes on OGTT screening should not be considered abnormal 
[18]. In 2014, Parekh et al. completed OGTTs on 6,477 subjects for 
diabetes screening and found that 5.5% had low plasma glucose < 60 
mg/dl (3.3 mmol/L) [19]. 

Hypoglycemia rates are higher during extended (3 or 4 hr) compared 
to standard (2 hr) OGTT. Postprandial hypoglycemia in CF patients has 
been reported as 6–15% on 2-hr OGTT [17], 45–79% on 3-hr OGTT 
[17,20,21], and 26% on mixed meal tolerance test (MMTT) [22]. In a 
study of youth with CF (mean age ~ 14 years), Chan et al. reported that 
rates of hypoglycemia on CGM, defined as time < 70 mg/dL and < 60 
mg/dL, were not significantly different in subjects with CF (stratified 
according to glucose tolerance) compared to healthy controls [23]. In 
another study, Haliloglu et al. sequentially performed OGTT and CGM in 
children and adolescents with CF (N = 45, mean age 13 years) [24]. 
Authors found higher rates of hypoglycemia on CGM compared to 
OGTT. The rate of hypoglycemia [≥3% time < 60 mg/dL (3.3 mmol/L)] 
on CGM was 27.5% compared to 13.3% [plasma < 60 mg/dL (3.3 
mmol/L)] on OGTT. Data from CGM studies have suggested that CGM 
may be more sensitive than other methodologies for identifying episodes 
of spontaneous hypoglycemia in patients with CF [1,25]. 

Pathophysiology of spontaneous hypoglycemia in CF 

Fasting hypoglycemia 
Hypoglycemia following prolonged fasts is most often attributed to a 

combination of malnutrition and increased energy expenditure due to 
the metabolic and respiratory demands of CF or acute infection. Other 
contributing factors that have been suggested include dysregulated basal 
insulin secretion and depleted liver glycogen stores leading to impaired 
gluconeogenesis. In CF-related liver disease, structural and cellular liver 
damage could also increase the risk of hypoglycemia [17,26]. As with 
people without CF, it is important to rule out other etiologies of spon
taneous hypoglycemia such as other drugs which have been associated 
with hypoglycemia (i.e., in addition to antihyperglycemic agents) [3], 
and cortisol deficiency due to use of exogenous glucocorticoids [1]. 
Conditions that lead to endogenous hyperinsulinism including islet 
(insulinoma) or non-islet cell tumors can present with both fasting or 
postprandial hypoglycemia [3]. 

Postprandial or OGTT related hypoglycemia 
Mechanisms underlying development of postprandial or OGTT- 

related hypoglycemia are not fully understood. MMTT may better 
mimic the pathophysiology of reactive hypoglycemia in free-living 
conditions [3]. In two recent publications, Kilberg and colleagues 
examined the mechanisms of postprandial hypoglycemia in CF. In the 
first study, Kilberg [22] et al. reported that non-diabetic adolescents and 
young adults with CF and PI who experienced hypoglycemia (defined as 
glucose < 70 mg/dL) during a 4-hour MMTT had higher peak glucose, 
impaired early insulin secretion and higher late insulin levels. In this 
study, glucagon concentration was not different between the CF subjects 
who experienced hypoglycemia compared to no hypoglycemia. Of note, 
there was no healthy control group for comparison. In the second study 
[21], the authors report data from frequently sampled 3-hr OGTT. CF 
subjects with PI who experienced hypoglycemia (defined as glucose <
65 mg/dL) on OGTT had higher 1 hr glucose, lower early insulin and 
inappropriately higher late insulin compared to a historical healthy 

control group with hypoglycemia. The CF hypoglycemia group also had 
blunted glucagon and free fatty acids (FFA) response compared to the 
healthy control group with hypoglycemia. Authors interpreted the 
blunted increase in FFA to suggest impaired catecholamine response to 
hypoglycemia. In this study, there was no difference in early or late 
insulin, glucagon or FFA between CF subjects with hypoglycemia 
compared to CF without hypoglycemia. 

In another recent study, Armaghanian et al. reported similar results 
in subjects with CF without diabetes who underwent 3-hour OGTT. 
Participants who experienced hypoglycemia [≤60 mg/dL (3.3 mmol/L)] 
had higher glucose peak at 60 min with delayed insulin response 
compared to subjects without hypoglycemia. There was no difference in 
glucagon, glucagon-like peptide-1 (GLP-1) or gastric inhibitory poly
peptide (GIP) levels between the groups. A previous study by the same 
group found lower insulin levels in subjects who experienced hypogly
cemia [ ≤70 mg/dL (3.9 mmol/L)] during 2-hr OGTT compared to the 
non-hypoglycemia control group. Aitken et al. also reported lower in
sulin levels in non-diabetic adults who experienced hypoglycemia dur
ing 3-hr OGTT with no significant difference in GLP-1, GIP, glucagon, 
noradrenaline, cortisol, and GH in the hypoglycemia vs. no hypoglyce
mia group. Adrenaline was higher in the hypoglycemia group. Authors 
concluded that late hypoglycemia on OGTT was likely due to insufficient 
counterregulatory response rather than increased or delayed insulin 
secretion [27]. Overall these data suggest that both dysregulation in 
insulin secretion and impaired counterregulatory response to lowering 
glucose may contribute to postprandial hypoglycemia in CF. 

Clinical implications of spontaneous hypoglycemia in CF 

The clinical implications of OGTT-related hypoglycemia in CF are 
not clear. Biochemical hypoglycemia is common during OGTT, and it is 
not clear if symptomatic or asymptomatic episodes of low glucose dur
ing OGTT are associated with hypoglycemia during free living situations 
or other clinically relevant outcomes. OGTT-related hypoglycemia in the 
general population has been linked to potential increased risk of type 2 
diabetes [28]. It has been postulated that reactive hypoglycemia seen 
during OGTT may be a precursor or predictor of CFRD. Progression of 
β-cell dysfunction that may underlie reactive hypoglycemia could 
eventually lead to development of CFRD. However, recent studies in 
patients with CF have not demonstrated that OGTT related hypoglyce
mia increases the risk of progression to CFRD [29,30]. Hypoglycemia 
during OGTT has not consistently been shown to be associated with poor 
clinical outcomes; on the contrary in some studies hypoglycemia is 
associated with higher FEV1 and BMI. In one study, hypoglycemia 
during OGTT did not predict hypoglycemia in the free-living state as 
measured by CGM [31]. In contrast, low fasting plasma glucose (<60 
mg/dl) was shown to be associated with higher rates of hospitalization 
and worse clinical status [32]. In children and adolescents with CF 
without diabetes, spontaneous hypoglycemia and higher glucose vari
ability on CGM was associated with lower lung function independent of 
BMI [24]. Future larger longitudinal studies are needed to understand 
the prognostic implications of reactive hypoglycemia in free-living 
conditions and OGTT-related hypoglycemia in people with CF. Table 2 
summarizes the potential mechanisms and clinical implications of 
spontaneous hypoglycemia in CF. 

Management of spontaneous hypoglycemia in patients who are not on 
glucose-lowering therapy 

Patients diagnosed with spontaneous hypoglycemia in free-living 
conditions should be evaluated for potential underlying causes. Acute 
management of postprandial hypoglycemia is similar to the manage
ment of iatrogenic hypoglycemia and is discussed later in this paper. 
Dietary interventions are the first line of management for postprandial 
hypoglycemia. Dietary strategies that may help prevent postprandial/ 
reactive hypoglycemia include eating a balanced diet – ensuring protein, 
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healthy fats and high-fiber foods are included. Sugary foods, sweetened 
beverages and processed simple carbohydrates should be avoided, 
especially on an empty stomach. Carbohydrate counting has been sug
gested as a useful tool to manage postprandial hypoglycemia [33]. Pa
tients are counseled to avoid meals with very high carbohydrate 
amounts, and instead to distribute total carbohydrate intake over meals 
and snacks throughout day. One suggested approach for people with CF 
with reactive hypoglycemia is consuming 45–60 g of carbohydrate with 
breakfast, lunch, and supper, alternating with 30 g of carbohydrates 
midmorning, midafternoon and at bedtime [33]. These carbohydrate 
goals can be applied in most adolescent and adult patients with reactive 
hypoglycemia. The precise carbohydrate intake should be customized 
with the support of a dietitian for individuals who are younger or have 
unique nutritional needs (i.e., malnutrition or overweight). 

Iatrogenic Hypoglycemia in CF 

Case 3: 39-year-old male with CF and PI. He was diagnosed with 
CFRD at age 19 and is currently managed with a basal bolus insulin 
regimen. His diabetes is complicated by mild nonproliferative diabetic 
retinopathy and impaired awareness of hypoglycemia. He does not feel 
typical symptoms of hypoglycemia until the glucose reading is in the 
40′s. Over his lifetime, he has experienced 3 episodes of severe hypo
glycemia. The most recent episode occurred about 3 months ago while 
he was at a grocery store and required assistance by emergency medical 
services (EMS) personnel for treatment of hypoglycemia. Recent review 
of his glucose meter download showed average glucose 181 mg/dL 
(range 42–438 mg/dL). He frequently under-doses or misses meal in
sulin boluses at work due to concern of hypoglycemia. 

Frequency of iatrogenic hypoglycemia in CFRD 

Iatrogenic hypoglycemia is extremely common in both type 1 dia
betes (T1D) and type 2 diabetes (T2D). In a large global observational 
study, 83% of individuals with T1D and 46.5% with insulin-treated T2D 
reported at least one episode of any hypoglycemia over a 4-week period 
[34]. During this period, 14% with T1D and 8.9% with T2D reported a 
severe hypoglycemic event. There are limited studies examining the 
prevalence of hypoglycemia in CFRD. In a study by Tierney et al. (N =
20), 58% of CFRD patients who kept a 1-week diary self-reported at least 
2 episodes of hypoglycemia. During the first 3 months of the CFRDT 
trial, 16% of patients on pre-meal aspart insulin and 23% of those on 
repaglinide had episodes of non-severe hypoglycemia [35]. In a 12-week 
trial comparing glargine insulin vs. neutral protamine Hagedorn (NPH) 

for basal insulin (N = 20), the frequency of mild hypoglycemia events 
was 6 ± 1 times per subject with glargine insulin and 5 ± 1 times per 
subject with NPH insulin (P = 0.3) [36]. Fortunately, these studies did 
not report any severe hypoglycemic episodes. Severe hypoglycemia is 
considered a rare occurrence in CFRD, although more research is needed 
to examine the prevalence of both non-severe and severe hypoglycemia 
in CFRD [1]. 

Risk factors and clinical significance of hypoglycemia in diabetes 

Risk factors of hypoglycemia are well studied in people with T1D and 
T2D (Table 3). Risk of hypoglycemia increases with advanced age, 
longer duration of diabetes and intensive insulin therapy. Behavioral 
factors like miscalculating carbohydrate or meal insulin boluses, alcohol 
consumption, exercise and weight loss are also associated with hypo
glycemia. Insulin regimens may need to be adjusted in people with 
medical comorbidities like renal/liver insufficiency or cognitive 
impairment to avoid hypoglycemia [1,4,37,38]. Recurrent episodes of 
iatrogenic hypoglycemia lead to development of impaired awareness of 
hypoglycemia (IAH) which in turn further increases the risk of hypo
glycemia. The prevalence of IAH is reported to be around 25% and 10% 
in people with T1D and advanced T2D, respectively [39]. As illustrated 
in case 3, patients with CFRD on insulin therapy are also at risk of IAH. 
Future studies are needed to examine the prevalence of IAH in patients 
with CFRD. 

Hypoglycemia in hospitalized patients with CFRD 

As in T1D and T2D, hypoglycemia is also reported in the inpatient 
setting in patients with CFRD. In a study of 66 hospitalized adults with 
insulin treated CFRD, at least one episode of hypoglycemia was noted in 
half of the subjects. In this study, capillary glucose values were typically 
measured four times daily, and hypoglycemia was noted on 6.3% of 
capillary blood glucose readings [40]. Hypoglycemia was more common 
in female patients and the majority of events were captured between the 
hours of 24:00-06:00, consistent with patterns in T1D and T2D [41]. 
Furthermore, one or more episodes of inpatient hypoglycemia was 
associated with an increased risk of readmission and death. The authors 
concluded that 7-point glucose monitoring, rather than the more typical 
4-point glucose monitoring, should be considered in hospitalized in
dividuals with insulin-treated CFRD. 

Management and prevention of hypoglycemia in people with 
CFRD on glucose-lowering therapy 

Acute management of hypoglycemia 

For blood glucose < 70 mg/dL (3.9 mmol/L), the patient should 
consume 15–20 g of fast-acting (glucose only or glucose-containing) 
carbohydrates in adults (or 0.3 g/kg in pediatric patients), then repeat 
the glucose level in 15 min [9,42,43]. If the glucose level is again < 70 
mg/dL (3.9 mmol/L), then the patient should consume the same amount 
of fast-acting carbohydrates and repeat the blood glucose level in 15 
min. These steps may be repeated several times. Once the glucose level 

Table 2 
Potential mechanisms and clinical implications of spontaneous hypoglycemia in 
CF.  

Subcategories Fasting Postprandial/Reactive 

Potential 
mechanisms  

• Malnutrition  
• Increased energy 

requirement  

• Dysregulated insulin 
secretion with reduced 1st 
phase followed by delayed 
inappropriate amount of 2nd 
phase insulin release  

• Ineffective counterregulatory 
response to dropping glucose 
levels 

Prognosis/ 
implications  

• Fasting low glucose is 
associated with worse 
clinical status and higher 
hospitalization rates  

• Hypoglycemia on OGTT is 
not associated with increased 
risk of progression to CFRD  

• Hypoglycemia on OGTT does 
not predict reactive 
hypoglycemia in free-living 
conditions  

• Spontaneous hypoglycemia 
in free-living conditions is 
associated with lower lung 
function  

Table 3 
Risk factors of hypoglycemia in diabetes   

• Intensive insulin therapy  
• Extremes of age  
• Longer diabetes duration  
• Impaired awareness of hypoglycemia  
• Cognitive impairment  
• Exercise  
• Renal/hepatic insufficiency  
• Dietary mistakes  
• Alcohol intake  
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reaches ≥ 70 mg/dL (3.9 mmol/L), a meal or snack should be consumed 
to help prevent hypoglycemia recurrence. If the patient develops altered 
mental status and requires assistance of another person (severe hypo
glycemia), then emergency glucagon should be administered (intra
muscular, subcutaneous, or intranasal) [9]. Emergency glucagon should 
be prescribed to patients with diabetes who are at risk for level 2 and 3 
hypoglycemia. In the hospital setting, 25 g of 50% dextrose may be 
given by intravenous (IV) bolus to treat hypoglycemia [1]. 

Prevention of iatrogenic hypoglycemia 

Among patients with diabetes treated with insulin, hypoglycemia is 
most commonly attributed to mismatches between exogenous insulin 
dosing and carbohydrate intake. While there are limited data on pre
vention of hypoglycemia among people with CFRD, data from people 
with other types of diabetes have shown reduced hypoglycemia with the 
use of diabetes self-management education, personalized glycemic tar
gets with relative permissive hyperglycemia among those with recurrent 
hypoglycemia and/ or impaired awareness of hypoglycemia [44], 
frequent blood glucose monitoring [45], CGM use [46,47], insulin reg
imens combining long- and rapid-acting insulins (as compared to NPH- 
based regimens) and new ultra-rapid acting insulin analogs [48]. The 
use of continuous subcutaneous insulin infusion (CSII), predictive low 
glucose suspend technology, and hybrid closed loop systems have been 
shown to be effective strategies for hypoglycemia prevention among 
people with T1D and T2D; they may be useful for preventing hypogly
cemia in CFRD patients as well but would be more optimal if CF-specific 
algorithms are developed [38,47,49,50]. Although not specific to CFRD, 
administering rapid –acting insulin analogues 15–20 min before a meal 
(as compared to immediately before the meal) has been associated with 
a 30% decrease in postprandial glucose values and a decreased risk for 
hypoglycemia [51]. 

Potential impact of CFTR modulators on hypoglycemia risk 

The advent of CFTR modulator therapy in 2012 marked a new era of 
cystic fibrosis care. CFTR modulator drugs target the malfunctioning 
CFTR protein and are specific to gene [52]. Ivacaftor was the first 
approved modulator and is a highly effective potentiator for gating 
mutation G551D as well as multiple other gating and conductance 
mutations [53,54]. Additional modulators followed, including Orkambi 
(Lumacaftor-Ivacaftor) in 2015 and Symdeko (Tezacaftor-Ivacaftor) in 
2018 with expanded genotype eligibility to homozygous and heterozy
gous f508del but less impactful therapeutic effect on respiratory out
comes [55–58]. Most recently in 2019, Trikafta, a highly effective triple 
modulator therapy (Elexacaftor-Tezacaftor-Ivacaftor) was released for 
homozygous and heterozygous f508del individuals [59–61]. 

There have been case reports of individuals with G551D mutations as 
well as homozygous f508del with comorbid insulin-requiring CFRD who 
weaned off insulin therapy; and some developed persistent hypoglyce
mia following Ivacaftor treatment [62–64]. The findings of these case 
reports have been bolstered by a recent retrospective cohort study series 
of 14 CFRD patients on Ivacaftor therapy (alone or in combination), 
which showed that 4 successfully stopped insulin and a fifth lowered 
insulin needs significantly. Three participants had ongoing recurrent 
hypoglycemic events off insulin therapy [65]. Hypoglycemia was 
documented as an adverse reaction in clinical trials of Trikafta [59]. 
More research is needed to understand the impact of highly effective 
modulators on insulin secretion; and their possible impact on CFRD 
management and risk of iatrogenic and spontaneous hypoglycemia. 

Future directions 

Future studies are needed to better understand the pathophysiology, 
clinical implications, and optimal management of spontaneous hypo
glycemia in CF. Future studies will elucidate whether highly effective 

CFTR modulator therapies modify the risk of hypoglycemia in CF pa
tients with and without diabetes. More research is needed to better 
understand the epidemiology of treatment related hypoglycemia and its 
complications in CFRD. Future research is also needed to understand the 
impact of diabetes technologies including CGM and hybrid closed loop 
insulin systems on the risk of hypoglycemia. 

Summary 

Hypoglycemia is common in the lives of people with CF, both with 
and without diabetes. There are significant knowledge gaps in our un
derstanding of underlying mechanisms and optimal management of 
spontaneous and iatrogenic hypoglycemia in CF. Hypoglycemia can 
adversely affect quality of life and can have serious short and long-term 
consequences. It is crucial for clinicians to screen patients with CF for 
hypoglycemia; and educate patients and their caregivers regarding 
symptoms, management, and prevention of hypoglycemia. More 
research in CF related hypoglycemia and advancement in diabetes 
related therapies and technology can significantly reduce the burden of 
hypoglycemia in people with CF. 
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