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ABSTRACT

Introduction: Intensive insulin treatment for
type 1 diabetes is associated with high risk of
mild hypoglycemia. Mild hypoglycemia is usu-
ally treated orally with glucose, which may
contribute to weight gain. Subcutaneous injec-
tion of low-dose glucagon may be a new treat-
ment option for some occasions of mild
hypoglycemia in individuals aiming for optimal
glycemic control without gaining weight. We
investigated under which occasions patients
were interested to use low-dose glucagon.
Methods: In a prospective 2-week event-driven
survey, participants registered every event of
mild hypoglycemia (sensor or blood

glucose B 3.9 mmol/l and/or hypoglycemia
symptoms). For each hypoglycemia event, par-
ticipants registered whether they would have
preferred to use low-dose glucagon if the treat-
ment had been available.
Results: A total of 51 participants (13 men,
mean ± SD age 43.6 ± 12.5 years, HbA1c
7.3 ± 0.7% (57 ± 8 mmol/mol), BMI
24.9 ± 3 kg/m2) were included. Each partici-
pant had on average 10 (range 3–23) mild
hypoglycemia events during the 2-week survey
period. Glucagon was preferred in 58% of the
514 mild hypoglycemia events (p[0.05).
Twelve percent of the participants had no desire
to use glucagon for any hypoglycemia event.
The preference pattern did not differ between
sex, patient treatment modalities, and possible
causes for hypoglycemia (all p[ 0.05).
Conclusion: This study showed that a majority
of our participants with type 1 diabetes were
interested in using low-dose glucagon for the
treatment of mild hypoglycemia.
Funding: This work was funded by a research
grant from the Copenhagen University Hospital
Hvidovre and by the Danish Diabetes Academy
supported by the Novo Nordisk Foundation.
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INTRODUCTION

Individuals with type 1 diabetes are recom-
mended intensive insulin therapy to keep near-
normal blood glucose levels to prevent late-di-
abetes complications [1]. Unfortunately, the
intensive therapy often leads to events of
hypoglycemia because of relative insulin over-
dosing [2, 3]. During a mild hypoglycemia
event, individuals can restore normal blood
glucose levels by oral intake of glucose (e.g.,
glucose tabs, food, snacks, and juice) [4, 5].
However, the glucose along with other
macronutrients consumed to restore normo-
glycemia may add to the overall daily calorie
intake and cause weight gain [6, 7]. The con-
sumed glucose often exceeds the amount nec-
essary for recovery, resulting in post-rescue
hyperglycemia [8]. Furthermore, patient do not
necessarily take correction insulin dose to cover
for the excess glucose. Recent reports show that
half of the total type 1 diabetes population are
overweight and obese with the highest preva-
lence of 67–69% in the age group above 26 years
[9–11]. Therefore, a treatment approach for
mild hypoglycemia which does not induce
weight gain or post-rescue hyperglycemia is
attractive for individuals with type 1 diabetes.

One alternative is subcutaneous injection of
low-dose glucagon that can increase plasma
glucose in a dose-dependent manner without
adding extra calories to the individuals. Until
recently, glucagon was only available in a
powder form and needed to be dissolved before
use to treat a severe hypoglycemia—a hypo-
glycemia state when patients are unable to
consume glucose orally. Now, there are alter-
native glucagon products available (e.g.,
GVOKE� Xeris; Baqsimi�, Eli Lilly; and
BioChaperone� glucagon, Adocia) for the
treatment of severe hypoglycemia. However,
glucagon is not approved for non-severe hypo-
glycemia. Recent studies have shown that
0.1 mg glucagon administered subcutaneously
is able to raise blood glucose by 2.3 mmol/l and
sustain this level for 1–2 h in clinical settings
[12]. However, it is uncertain whether individ-
uals with type 1 diabetes would prefer to use
low-dose glucagon injections rather than orally

administered glucose to treat and prevent mild
hypoglycemia.

In this study, we investigated in a hypo-
thetical setting whether individuals with type 1
diabetes would prefer managing mild hypo-
glycemia with orally administered glucose or
with a subcutaneous injection of low-dose glu-
cagon (if it had been available). Further, we
examined under which occasions glucagon or
glucose were preferred.

METHODS

Study Design

An event-driven survey for registration of every
mild hypoglycemia event for 2 weeks.

Study Participants

Participants were included if they were at least
18 years old, diagnosed with diabetes for at least
2 years, had an HbA1c B 8.0% (64 mmol/mol),
able to count carbohydrates, and had at least
one event of mild hypoglycemia per day prior to
the study inclusion. They were excluded if they
had self-reported hypoglycemia unawareness or
were using an insulin pump with predictive low
glucose suspend feature.

Data Collection

The study survey was given to the eligible par-
ticipants at the outpatient clinic at Copenhagen
University Hospital Hvidovre, Denmark. The
investigators contacted them afterwards by
phone, to give more detailed information about
the study and how to fill in the survey sheets.
The investigators followed a structured list
when giving the study information to minimize
the influence of investigators’ treatment favor.

Participants were instructed to register every
mild hypoglycemia event (sensor or blood glu-
cose B 3.9 mmol/l, symptoms of mild hypo-
glycemia, or any attempt to avoid
hypoglycemia) for 2 weeks, regardless of the
number of events in the survey period. For each
event, participants indicated whether they
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preferred to take glucose orally or inject gluca-
gon subcutaneously with a mini-dose pen if it
had been available. Participants were advised to
note their preference immediately after treating
the mild hypoglycemic event. In total, partici-
pants answered 11 questions for each hypo-
glycemia event. They registered: (1) the date
and time of the hypoglycemia event, (2) if they
were awake or asleep immediately before the
event, (3) the suspected reason for hypo-
glycemia (unknown, exercise, insulin, or other),
(4) the sensor and/or blood glucose level, (5)
whether they preferred glucagon (if it had been
available) or orally administered glucose to treat
the event, (6) in case of glucagon, how many
units of glucagon they would use to treat the
event (participants were told that one unit
would raise the blood glucose level by
2.3 mmol/l, two units by 4.0 mmol/l, and three
units by 5.0 mmol/l), (7) what food or drink
they consumed to treat or avoid the event, (8)
the carbohydrate content of the food or drink
consumed, (9) if an insulin pump user, whether
they stopped or reduced their basal insulin rate,
(10) if they injected insulin for any extra car-
bohydrates and noted the amount of insulin in
units, and (11) the glucose level 1 h after the
hypoglycemia event.

After the registration period, the participants
returned the surveys to the investigators using
postage-paid return envelopes.

This study was approved by the Regional
Committee on Health Research Ethics (H-
15008077) and by the Danish Data Protection
Agency (2012-58-0004). The study was con-
ducted in accordance with the Helsinki Decla-
ration. Informed consent was obtained from all
patients for being included in the study.

Statistical Analysis

Because this was an explorative study, no power
calculations was used to estimate the sample
size needed. Dichotomous outcomes are repor-
ted as percentage while continuous data are
presented as mean ± SD. For the dichotomous
outcomes over the 2-week survey period, a
repeated measurement logistic regression anal-
ysis with participants as a random effect was

used. This model allowed one to account for the
individual responses, as some of the partici-
pants strictly preferred one intervention, and
the number of individual interventions during
the survey period. Data were analyzed using SAS
Enterprise Guide 7.11 (SAS Institute Inc., Cary,
NC, USA).

RESULTS

Baseline Characteristics

Among the participants in the outpatient clinic
from November 2015 to January 2017, 101
participants were asked to participate and 51
completed the study by filling out and return-
ing the survey. Of the 50 non-participants, 34
did not respond after several attempts to con-
tact them, five had too few hypoglycemia
events according to the inclusion criteria before
the start of the study, and 11 did not want to
participate because of the lack of time. The 51
participants (13 men) were either pump users
(30) or pen users (21), were 43.6 ± 12.5 years of
age with HbA1c of 7.3 ± 0.7%
(57 ± 8 mmol/mol), and had BMI of
24.9 ± 3.0 kg/m2.

Hypoglycemia Events

Participants reported an average of 10 (range
3–23) mild hypoglycemia events during the
2-week survey period. In total, 514 mild hypo-
glycemia events were recorded, and participants
preferred glucagon in 58% of the events and
orally administered glucose in 42% of the
events (p[0.05). Further, no difference in the
preference was seen when correcting for possi-
ble causes of the event (exercise, overdosing),
sex, or insulin therapy (pen or pump users)
(Table 1). Twelve percent of the participants
(three women and three men) had no desire to
use glucagon as a treatment option for any of
the hypoglycemia events they reported.

For every mild hypoglycemia event, partici-
pants noted the actual carbohydrate intake used
for the rescue. On average 25 ± 17 g carbohy-
drate per event was consumed when subcuta-
neously administered glucagon was the
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preferred option for the treatment of mild
hypoglycemia.

Of the total events, 8% did not report the
amount of carbohydrate consumed to treat
their mild hypoglycemia. Among the remain-
ing, 65% of participants consumed less than
25 g carbohydrate without insulin use, 22%
consumed more than 25 g carbohydrate with
extra meal insulin, and 13% consumed more
than 25 g carbohydrate without extra insulin
(Table 2).

For around 12% of the events the blood
glucose level was not reported 1 h after treat-
ment. Among the remaining, 77% obtained
optimal glucose level (3.9–10 mmol/l), 9% were
still hypoglycemic, and 14% were hyper-
glycemic (Table 2).

DISCUSSION

In this event-driven prospective survey, we
found that in 58% of the hypoglycemic events

participants indicated that they would have
preferred to use subcutaneously administered
glucagon rather than orally administered glu-
cose if it had been available. The treatment
preferences did not change significantly when
correcting for sex, insulin treatment modality,
or possible causes of the hypoglycemia event.

We observed that if low-dose glucagon had
been a treatment option, it could on average
have replaced 25 g carbohydrate per event.
Glucagon may therefore, as an alternative to
orally administered glucose for hypoglycemia
treatment, reduce the overall calorie intake and
potentially prevent weight gain. Additionally,
previous studies have shown that glucagon
reduces calorie intake by increasing satiety as
well as increasing energy expenditure [13, 14]—
all effects that may be beneficial for individuals
with type 1 diabetes trying to keep optimal
glucose control without gaining body weight.
Furthermore, 77% of the rescues with orally
administered glucose resulted in normo-
glycemia after 1 h. Although the 1-h level may

Table 1 Percentages of mild hypoglycemia events preferred to be treated with subcutaneously administered low-dose
glucagon (if available) or with oral intake of glucose

Subcutaneously administered
glucagon (%)

Orally administered
glucose (%)

Adjusted p values

Overall results 58 42 0.25

Sleep 59 41 0.29

Awake 57 43

Insulin overdose 57 43 0.83

Exercise 47 53

Unknown causes 63 37

Other causes 51 49

Insulin pump users 58 42 0.60

Insulin pen users 58 42

Female 60 40 0.38

Male 46 54

Nparticipants = 51, Nevents = 514. No significant difference in treatment preference was seen between the events that occurred
when asleep or awake, when caused by insulin overdose, exercise, unknown or other reasons, between insulin pump or
insulin pen users, and between men and women. Percentages of events were analyzed in a repeated measurement logistic
regression model with random effects
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not capture the actual peak postprandial glu-
cose level, we were surprised to observe that
many rescues resulted in hypoglycemia (9%) in
the early postprandial phase. We can speculate
whether this distribution may have been
improved if low-dose glucagon was used.

A recent outpatient study demonstrated that
the plasma glucose response to 150 lg soluble
glucagon was comparable to that of 40 g glucose
taken as tabs [15]. However, several conditions
may impair glucagon’s efficacy, i.e., low carbo-
hydrate diets [16], exercise [17], ethanol intake
[18], and hyperinsulinemia [19]. Therefore, if
low-dose glucagon should be used in everyday
treatment of mild hypoglycemia, a variable
dosing regimen depending on these factors may
be preferable as shown in a simulation study
proposing an insulin-dependent glucagon dos-
ing regimen for treatment of mild hypo-
glycemia [20].

Nonetheless, some issues should be consid-
ered when using glucagon instead of orally
administered glucose. First, an injection of glu-
cagon may be less convenient than consuming

glucose orally. Second, side effects of low-dose
glucagon are likely to exceed those of orally
administered glucose. Lastly, use of low-dose
glucagon will most probably be more expensive
than orally administered glucose for mild
hypoglycemia.

This event-driven survey has limitations.
First, participants did not have the actual glu-
cagon pen, but had to imagine the opportunity
of using a glucagon pen. Second, there was a
selection bias due to only including participants
with a high frequency of hypoglycemia. How-
ever, this criterion was needed to ensure enough
hypoglycemic events per participants. Third,
some participants may have reported more
hypoglycemic events due to, e.g., fear of hypo-
glycemia. We have not assessed fear of hypo-
glycemia. Furthermore, not all participants had
tried glucagon beforehand making them una-
ware of its effect and may bias the actual pref-
erence of treatment for mild hypoglycemia.
Fourth, although investigators were informed
about the study on the basis of a structured list,
the investigator may have influenced the

Table 2 Numbers of hypoglycemia rescues stratified by the amount of carbohydrate and insulin used for hypoglycemia
rescue as well as the blood glucose level 1 h after the rescue

Blood glucose level 1 h after hypoglycemia rescue

Hypoglycemia
(£ 3.9 mmol/l)

Normoglycemia
(4.0–10 mmol/l)

Hyperglycemia
(> 10 mmol/l)

Not
reported

Total,
N (%)

Hypoglycemia rescue

B 25 g CHO

without insulin

30 224 30 24 308

(65.0)

[ 25 g CHO with

insulin

5 76 13 9 103

(21.7)

[ 25 g CHO

without insulin

0 37 16 10 63 (13.3)

Not reported 4 12 7 17 40

Total, N (%) 39 (8.6) 349 (76.9) 66 (14.5) 60 514

Participant’s hypoglycemia treatment success with carbohydrates and insulin was evaluated on the basis of the blood glucose
1 h after the treatment: (1) normoglycemia, 3.9–10 mmol/l; (2) hypoglycemia, B 3.9 mmol/l; (3) hyperglycemia,
[ 10 mmol/l. Number of events is presented in this table for each category. The percentages do not include the events not
reported, i.e., total number of events with blood glucose measurements is N = 454 and total number of events with
information of amount of carbohydrate intake for hypoglycemia rescue is N = 474
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treatment preference for the participants.
Lastly, we do not have the participants’ con-
tinuous glucose monitoring (CGM) values, and
thereby cannot validate if they actually had the
hypoglycemic events. Therefore, the study
could have been more valuable if we registered
the CGM values or downloaded their meter
readings. As we also defined a hypoglycemic
event as any attempt to avoid hypoglycemia,
individuals did not need to have sensor or blood
glucose B 3.9 mmol/l. Further, some individu-
als acknowledge hypoglycemic symptoms at
higher values.

CONCLUSION

This event-driven survey indicates that indi-
viduals with type 1 diabetes are interested in
using glucagon for mild hypoglycemia. In 58%
of the hypoglycemia events, participants pre-
ferred to use subcutaneously administered glu-
cagon versus orally administered glucose. These
findings were consistent when correcting for
sex, patient treatment modality, and hypo-
glycemia cause.
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