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A B S T R A C T

Aims: The present study aimed to explore the relationship between fear of hypoglycemia and exercise man-
agement strategies in active Qatari adults with T1D during the COVID-19 pandemic, and to explore the
potential role of continuous glucose monitoring (CGM) devices in promoting safe physical activity practices.
Methods: Participants completed the Hypoglycemia Fear Survey (HFS) questionnaire and the International
Physical Activity Questionnaire (IPAQ). Out of the 102 participants, 41 were considered "active" and under
CGM and were included in the analysis.
Results: Multiple linear regression analysis revealed a significant positive correlation between the behavior
dimension of the HFS scores and both vigorous physical activity and MET-minutes per week (R2 adj. = 0.055;
b = 0.56; p = 0.05 and R2 adj. = 0.039; b = 0.38; p = 0.04). The results showed a significant positive association
between HbA1c levels and the behavior dimension of the HFS (R = 0.39, p = 0.005), as well as between the
number of episodes of severe hypoglycemia and the behavior dimension (R = 0.46, p = 0.042).
Conclusion: These findings highlight the need for effective strategies to manage fear of hypoglycemia and
promote physical activity in individuals with T1D. The use of CGM devices may provide added safety to phys-
ical activity practices by reducing the risk of hypoglycemia.
© 2023 The Author(s). Published by Elsevier Masson SAS. 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. Introduction

Type 1 diabetes (T1D) individuals face multiple challenges, one of
which is the fear of hypoglycemia, which can impact their physical
activity adherence and reduce exercise patterns. Fear of hypoglyce-
mia is known to be a prominent barrier to physical activity in adults
and youth of both genders with T1D [1−3]. Moreover, regular exer-
cise is considered a potential factor that can improve the overall
health status of T1D individuals; however, those who exercise often
face difficulties in managing their glycemic levels, primarily mani-
fested by numerous hypoglycemia episodes [1,2,4]. Hypoglycemia
episodes have been found to be significantly associated with physical
activity participation [5].

Managing hypoglycemia episodes is crucial for T1D individuals to
engage in regular physical activity, and appropriate behavioral manage-
ment is required to overcome this challenge [5]. Roberts et al. [3]
reported that a higher physical activity level was associated with
increased reported exercise-specific hypoglycemia avoidance behavior,
and low levels of knowledge and lack of confidence around managing
diabetes around exercise were the most notable diabetes-specific bar-
riers to exercise [1,2]. To address these challenges, it is important to
focus on improving behavioral management and controlling glycemic
levels in T1D individuals engaging in physical activity [4]. Exercise man-
agement for young people with T1D is complex and one approach does
not fit all. Many factors influence an individual’s glycemic response to
exercise including the type, intensity, and duration of the activity, the
amount of insulin on board, and the person’s stress/anxiety levels [2].

Active youth report employing strategies to reduce hypoglycemia
risk with exercise, and whether fear of hypoglycemia impacts exer-
cise management behaviors in an adaptive or maladaptive manner is
still an exploratory area of study [6]. One explanation for the associa-
tion between higher physical activity levels and increased hypoglyce-
mia avoidance behavior could be that those who are most physically
active are more aware of the risks of hypoglycemia and have more
experience in avoiding it [3]. In addition, glucose blood monitoring
may also be a benefit to help individuals with type 1 diabetes manage
their blood sugar levels during physical activity [7].

However, in the context of the recent COVID-19 pandemic, daily
routines underwent drastic changes. The heightened stress and fears
associated with the virus not only disrupted blood sugar manage-
ment for these individuals but also influenced their decisions related
to exercise and medical care [8−11]. Encouragingly, research indi-
cates that those utilizing continuous glucose monitoring (CGM) dur-
ing these challenging times exhibited better blood glucose
management and experienced fewer hypoglycemic incidents [12,13].
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In conclusion, fear of hypoglycemia and its avoidance behavior
can significantly influence physical activity adherence in individuals
with type 1 diabetes, and the COVID-19 pandemic may have exacer-
bated these concerns. However, the use of CGM devices may provide
added safety to physical activity practices by reducing the risk of
hypoglycemia. Further research is needed to identify effective strate-
gies for behavioral management and glycemic control to prevent
hypoglycemia and promote physical activity in Qatari adults with
type 1 diabetes during the pandemic. The aim of the present work is
to explore the relationship between fear of hypoglycemia and exer-
cise management strategies in active Qatari adults with type 1 diabe-
tes during the COVID-19 pandemic, and to explore the potential role
of CGM devices in promoting safe physical activity practices.
2. Methods

2.1. Participants and study design

The study recruited participants with type 1 diabetes who were at
least 18 years old and Qatari citizens, and who could understand
either English or Arabic language. Exclusion criteria included uncon-
trolled diabetes, comorbidities that prevented exercise, ongoing
COVID-19 infection, and cognitive impairments. The study was
approved by the Qatar University Institutional Review Board
(QU-IRB) (QU-IRB 1559-E/21), and participants were invited to partici-
pate in the study through an electronic survey that was distributed
via various platforms, including email announcements to the Qatar
University community (students, faculty members, and administra-
tors). Out of the 112 individuals who responded to the survey,
102 met the inclusion criteria and agreed to participate in the study
by signing an informed consent form [14].

Participants completed two questionnaires: the International
Physical Activity Questionnaire (IPAQ) and the Hypoglycemia Fear
Survey (HFS) questionnaire. The study also collected anthropometric
data such as body weight and height, insulin administration method,
and the most recent glycated hemoglobin level. For the purpose of
the present work we have selected only active participants under
continuous glucose monitoring (CGM) (n = 41, see Fig. 1).
2.2. Measures

In this study, we have employed two validated survey tools to
assess fear of hypoglycemia and physical activity levels in Qatari
adults with type 1 diabetes. The Hypoglycemia Fear Survey (HFS) was
used to measure fear of hypoglycemia, with both worry and behavior
Fig. 1. Study design flowchart.
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subscales. Participants rated each item on a scale of 0 to 4, with
higher scores indicating greater fear. The HFS is a well-established
tool for assessing hypoglycemia fear and has been used in previous
research [15,16].

In addition to the HFS, the International Physical Activity Ques-
tionnaire (IPAQ) has been used to assess physical activity levels. The
IPAQ is a widely used tool for assessing physical activity and sitting
time in daily life. It estimates the total physical activity in minutes
per week and the time spent sitting by asking questions about the
type and intensity of physical activity people engage in. The data
from each item are summed to estimate the total amount of time
engaged in physical activity per week [17,18]. The IPAQ has been vali-
dated in various populations and is considered a reliable and valid
tool for assessing physical activity levels [17,18]. For the purpose of
the present work, we have selected only “active” participants. In fact,
according to the IPAQ scoring protocol, individuals who engaged in
at least 600 metabolic equivalent (MET) minutes per week of physical
activity were considered "active". MET is a unit of measurement for
physical activity, and 1 MET is equivalent to the energy expenditure
of sitting quietly. Thus, 600 MET minutes per week is equivalent to
150 min per week of moderate-intensity activity (e.g., brisk walking)
or 75 min per week of vigorous-intensity activity (e.g., running).
Therefore, participants who reported engaging in at least 600 MET
minutes per week of physical activity were included in the analysis.

2.3. Statistical analysis

The analyses were performed using SPSS v. 21 software. Descrip-
tive statistics were calculated for participant characteristics, includ-
ing mean, standard deviation, and median. Normality was tested
using the Kolmogorov−Smirnov test. Pearson correlations were used
to assess the association between physical activity level and hypogly-
cemia avoidance score, HbA1c, and rate of hypoglycemia. Multiple
linear regression was used to model the mean outcomes for each
exposure of interest. A value of p < 0.05 was set as the level of statisti-
cal significance. The results were presented as beta coefficients (b),
adjusted R-squared values, and p-values.

3. Results

Our participants’ characteristics are presented in Table 1. Forty-
one were s enrolled and completed the required questionnaires and
were included in the analysis (Fig. 1). The participants had a mean
BMI of 24.7 kg/m2, which is within the healthy weight range. HbA1c
level was 6.8%, indicating good glycemic control. Additionally, 61% of
the participants had experienced severe hypoglycemia in the past 12
months, and 36% reported being infected by COVID-19. The self-
reported physical activity information showed that the participants
engaged in a mean of 260 min per week of moderate physical activity
and 91 min per week of vigorous physical activity, resulting in a
mean of 2014 MET-minutes per week. The participants reported a
mean total screen time of 4.6 hours per day, with a mean of 4.11 days
per week (Table 1). The hypoglycemia fear survey scores showed a
mean of 2.08 for the behavior subscale (HFS-B) and a mean of 3.09
for the worry subscale (HFS-W).

The Table 2 reported a significant association between VPA and
HFS scores (b = 0.56, p = 0.05), indicating that individuals who
engaged in more VPA tended to have higher scores on the behaviour
dimension of the HFS. A similar pattern was observed for MET-
minutes per week, with a significant relationship between this type
of exercise and HFS scores (b = 0.38, p = 0.04). For the worry dimen-
sion of the HFS, the analysis revealed no significant relationship
between MPA and HFS scores (b = 0.06, p = 0.55), nor between VPA
and HFS scores (b = 0.07, p = 0.57). Similarly, there was no significant
relationship between MET-minutes per week and HFS scores
(b = 0.07, p = 0.66).



Table 1
Participant characteristics.

Mean

Age (years)
Median (Q1-Q3)

21 (18−26)

Duration of diabetes in years
Median (Q1-Q3)

15(10−18)

Weight (kg) 71.2 § 3.7
Height (cm) 171 § 4.8
BMI (kg.m�2) 24.7 § 3.3
HbA1c (%) 6.8 § 2.1
Number of episodes of severe hypoglycemia in past 12 months 61%
Infected by COVID-19 (%) 36%
Self-reported PA and screen time information
Total screen time¢day�1 (h) (TV, video games, computer) 4.6 § 2.11
Days/week of PA (d) 4.11 § 2.24
Minutes/week of MPA (min) 260 § 99
Minutes/week of VPA (min) 91 § 18
MET-minutes/week 2014 § 355
Hypoglycemia fear survey scores
HFS-B 2.08 (0.33)
HFS-W 3.09 (1.019)

Values are mean (standard deviation). Q1: First quartile; Q3: Third quartile; BMI:
body mass index; HbA1c: glycated haemoglobin; PA: physical activity; MPA: mod-
erate physical activity; VPA: vigorous physical activity; MET: metabolic equivalent;
h: hour; min: minute; HFS-B: hypoglycemia fear survey-behaviour; HFS-W: hypo-
glycemia fear survey-worry.

Table 2
Linear regression results showing the association of HFS scores with amount of exer-
cise.

Type of scale Minutes/week of
MPA (min)

Minutes/week of
VPA (min)

MET-minutes/week

Behaviour R2 adj. = 0.53;
b = 0.03; p = 0.44

R2 adj. = 0.055;
b = 0.56; p = 0.05*

R2 adj. = 0.039;
b = 0.38; p = 0.04*

Worry R2 adj. = 0.48;
b = 0.06; p = 0.55

R2 adj. = 0.88;
b = 0.07; p = 0.57

R2 adj. = 0.81;
b = 0.07; p = 0.66

* denotes significant relationship

Table 3
Correlation between behaviour and worry scores and clinical variables.

Type of scale Behaviour scales Worry scale

BMI (kg.m�2) R = 0.24,
P = 0.61

R = 0.52,
P = 0.63

HbA1c (%) R = 0.39,
P = 0.005*

R = 0.38,
P = 0.41

Number of episodes of severe hypoglycemia
in past 12 months

R = 0.46,
P = 0.042*

R = 0.33,
P = 0.72

BMI (kg.m�2) R = 0.18,
P = 0.52

R = 0.29
P = 0.22

* denotes significant relationship
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Table 3 presents the correlation coefficients between the behaviour
and worry dimensions of the HFS and several clinical variables. For the
behaviour dimension, there was a significant positive correlation with
HbA1c (R = 0.39, P = 0.005), indicating that individuals who had higher
levels of HbA1c tended to score higher on the behaviour dimension of
the HFS. There was also a significant positive correlation between the
number of episodes of severe hypoglycemia in the past 12 months and
the behaviour dimension of the HFS (R = 0.46, P = 0.042), suggesting
that individuals who had experienced more severe hypoglycemia
tended to score higher on the behaviour dimension.

4. Discussion

The present study aimed to investigate the relationship between
fear of hypoglycemia and exercise management strategies in active
3

Qatari adults with type 1 diabetes during the COVID-19 pandemic,
and to explore the potential role of CGM devices in promoting safe
physical activity practices. Our findings suggest that individuals who
engage in more vigorous physical activity (VPA) and metabolic equiv-
alent (MET)-minutes per week may have higher scores on the behav-
iour dimension of the Hypoglycemia Fear Survey (HFS), indicating
greater fear of hypoglycemia. This finding is consistent with previous
studies that have identified fear of hypoglycemia as a significant bar-
rier to physical activity in individuals with type 1 diabetes [1,2,14].

In accordance with previous studies [15,19], our results indicate
that individuals with higher HbA1c levels and more severe hypogly-
cemia episodes in the past 12 months tended to have higher scores
on the behaviour dimension of the HFS, suggesting greater fear of
hypoglycemia. This finding highlights the importance of glycemic
control in reducing fear of hypoglycemia and promoting physical
activity adherence in individuals with type 1 diabetes. One possible
explanation for these results is that individuals with higher HbA1c
levels and more severe hypoglycemia episodes may have experi-
enced negative consequences of hypoglycemia, such as impaired cog-
nitive function or accidents, which could lead to greater fear of
hypoglycemia and reduced physical activity. Another possible expla-
nation is that individuals with higher HbA1c levels and more severe
hypoglycemia episodes may have received more intensive diabetes
management, which could lead to greater awareness of hypoglyce-
mia and greater fear of hypoglycemia. Moreover, the results indicate
that fear of hypoglycemia may impact exercise management behav-
ior more than worry about hypoglycemia. This finding is consistent
with previous studies that have reported that fear of hypoglycemia is
a primary and specific barrier to physical activity in individuals with
type 1 diabetes [1,2,3,14].

Other influential barrier to physical activity patterns and glycemic
control has been currently highlighted is the COVID-19 pandemic
[14]. In fact, COVID-19 pandemic has significantly affected stress lev-
els, anxiety, and physical activity patterns, impacting the manage-
ment of type 1 diabetes and fears of hypoglycemia during exercise
[8,9,14]. Studies found both reduced physical activity and increased
sedentary behavior due to pandemic-related measures [20], as well
as heightened psychological distress [21]. Further investigation is
essential to understand the pandemic’s effect on hypoglycemia fears
in those with type 1 diabetes using CGM devices

In the present work no significant relationship was found
between the worry dimension of the HFS and physical activity levels,
indicating that fear of hypoglycemia may impact exercise manage-
ment behavior more than worry about hypoglycemia. This finding is
consistent with the results reported by Campbell et al. [6], who found
that active youth with type 1 diabetes reported employing strategies
to reduce hypoglycemia risk with exercise, and that fear of hypogly-
cemia impacted exercise management behaviors in an adaptive man-
ner. Moreover, no significant relationship between screen time and
fear of hypoglycemia which is inconsistent with previous studies that
have reported a significant association between screen time and gly-
cemic control in individuals with type 1 diabetes [22,23]. However, it
is important to note that our sample size was relatively small, and
further research is needed to explore the potential impact of screen
time on fear of hypoglycemia and physical activity in individuals
with type 1 diabetes.

To conclude, fear of hypoglycemia may impact exercise manage-
ment behavior more than worry about hypoglycemia in active Qatari
adults with type 1 diabetes during the COVID-19 pandemic. Specifi-
cally, individuals who engage in more VPA and MET-minutes per
week may have higher scores on the behavior dimension of the HFS,
indicating greater fear of hypoglycemia. In addition, individuals with
higher HbA1c levels and more severe hypoglycemia episodes in the
past 12 months tended to have higher scores on the behavior dimen-
sion of the HFS, suggesting greater fear of hypoglycemia. These find-
ings highlight the importance of addressing fear of hypoglycemia and
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promoting safe physical activity practices in individuals with type 1
diabetes. Furthermore, the use of CGM devices may provide added
safety to physical activity practices by reducing the risk of hypoglyce-
mia. This underscores the importance of promoting the use of CGM
devices and other effective strategies for behavioral management
and glycemic control to prevent hypoglycemia and promote physical
activity in individuals with type 1 diabetes during the pandemic.
Future research should focus on identifying effective interventions to
address fear of hypoglycemia and promote physical activity in this
population during the pandemic.

Overall, our study contributes to the growing body of literature on
the relationship between fear of hypoglycemia, physical activity, and
diabetes management, and highlights the potential role of CGM devi-
ces in promoting safe physical activity practices.
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