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Abstract

Objective The major aims of this study were to examine
(1) the association between fear of hypoglycemia (FOH) in
adults with type 1 diabetes with demographic, psycholog-
ical (anxiety and depression), and disease-specific clinical
factors (hypoglycemia history and unawareness, Aj.),
including severe hypoglycemia (SH), and (2) differences in
patient subgroups categorized by level of FOH and risk of
SH.
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Research design and methods Questionnaires were
mailed to 764 patients with type 1 diabetes including the
Swedish translation of the Hypoglycemia Fear Survey
(HFS) and other psychological measures including the
Perceived Stress Scale, Hospital Anxiety and Depression
Scale, Anxiety Sensitivity Index, Social Phobia Scale, and
Fear of Complications Scale. A questionnaire to assess
hypoglycemia history was also included and A,. measures
were obtained from medical records. Statistical analyses
included univariate approaches, multiple stepwise linear
regressions, Chi-square ¢ tests, and ANOVAs.

Results Regressions showed that several clinical factors
(SH history, frequency of nocturnal hypoglycemia, self-
monitoring) were significantly associated with FOH but R*
increased from 16.25 to 39.2 % when anxiety measures
were added to the model. When patients were categorized
by level of FOH (low, high) and SH risk (low, high),
subgroups showed significant differences in non-diabetes-
related anxiety, hypoglycemia history, self-monitoring, and
glycemic control.

Conclusion There is a strong link between FOH and non-
diabetes-related anxiety, as well as hypoglycemia history.
Comparison of patient subgroups categorized according to
level of FOH and SH risk demonstrated the complexity of
FOH and identified important differences in psychological
and clinical variables, which have implications for clinical
interventions.

Keywords Type 1 diabetes - Hypoglycemia - Fear of
hypoglycemia - Severe hypoglycemia - Psychological
factors

It is well known that depression and anxiety are more

prevalent in patients with type 1 diabetes compared to
subject without diabetes [1-3] and that psychological
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distress has a negative impact on self-management and
metabolic control [4, 5]. Studies have also found that tar-
geting psychological aspects related to diabetes can
improve self-management, metabolic control, and also
quality of life [6, 7]. For many patients with diabetes, fear
of complications is a significant aspect of their psycho-
logical distress [8, 9] with fear of hypoglycemia (FOH)
being common [10-12] and together with fear of vascular
complications rated as the most feared complications [13].
FOH may not only negatively influence quality of life
(QoL) but also self-management and health outcomes [12],
resulting in increased risk of poor metabolic control and
long-term complications. Given the impact on those who
suffer extreme fear [10, 14, 15], interventions aimed at
reducing FOH and its negative effects are needed. How-
ever, interventions with empirically supported efficacy are
scarce [6, 16], which may be due to the complexity of FOH
and the lack of knowledge about what factors interven-
tion(s) should target. The overall goal of this study was to
better understand the complex interactions between FOH,
hypoglycemia risk, psychological status, and other clinical
variables, and to explore possible targets for interventions.

In recent years, intensified insulin therapy has become
the standard treatment for type 1 diabetes, which reduces
the risk of long-term complications, but also increases the
frequency of hypoglycemia, including severe hypoglyce-
mia (SH) [17, 18]. Several studies have focused on hypo-
glycemia risk/occurrence in general and risk/occurrence of
SH in particular as important predictors of FOH [12, 19—
21], suggesting that intensified insulin therapy may also
increase FOH. This research does however not show his-
tory of SH uniformly being predictive of FOH, and several
studies have found a link between FOH and psychological
factors, including trait anxiety [11, 22], extreme fear of
self-injecting insulin and self-testing BG [23], and social
anxiety [24]. However, little is known about other emo-
tional, clinical, and demographic factors that are associated
with, contribute to, or exacerbate FOH.

An important consideration is that FOH, unlike many
other fears and phobias, is not irrational given that most
patients will experience hypoglycemic episodes, including
SH. Therefore, some level of concern about SH is appro-
priate and adaptive. The higher the level of hypoglycemic
risk is, the greater the individuals concern ought to be.
However, there can be a disconnect between a patient’s
level of hypoglycemic risk and their level of FOH. For
example, our previous research found that many patients
report high FOH levels even when they have not experi-
enced an episode of SH in the previous year [19]. Alter-
natively, some patients at high risk of SH show
inappropriately low levels of FOH [25]. The present study
investigated differences in the psychological and clinical
characteristics of subgroups of patients who exhibited
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appropriate and inappropriate levels of fear relative to their
hypoglycemia history and risk.

Patients and methods

All patients (n = 764) who participated in a previous FOH
study [19] were sent a consent form and set of question-
naires by mail. Inclusion criteria in the previous study were
type 1 diabetes, age >18 years, and diabetes duration
>1 year. Potential participants were identified in the local
diabetes registries of two university hospitals in Stock-
holm, Sweden. The study was approved by the regional
ethical review board.

Questionnaires

To measure FOH, we used the Swedish translation of the
Hypoglycemia Fear Survey [10, 26]. Like the original HFS
[1, 2], the Swe-HFS consists of two subscales (Worry and
Behavior) with 23 items rated on a five-point Likert scale,
from O (never) to 4 (always). The Worry subscale is
composed of 13 items assessing emotional concerns about
various aspects of hypoglycemia and its negative conse-
quences. The 10-item Behavior subscale measures the
extent to which patients engage in various activities to
avoid hypoglycemia and its negative consequences. Worry
and Behavior subscale scores range from 0 to 52 and 0 to
40, respectively, and the score for the total scale ranges
from 0 to 92, with higher scores indicating greater fear.
Cronbach’s o 0.92 for the Worry subscale and 0.69 for the
Behavior subscale.

Several measures were used to assess different types of
psychological stress. The Perceived Stress Scale (PSS) [27]
measures the extent to which individuals appraise different
life situations as stressful. It contains 14 items measured on
a five-point Likert scale (0 = never, 4 = always) with a
total score ranging from 0 to 56. Cronbach’s o 0.94.

The Social Phobia Scale (SPS) [28] has 20 items and
measures anxiety in different social situations. Items are
rated on a five-point Likert scale from 0 (does not apply to
me) to 4 (applies completely to me) with a total score
ranging from O to 80.

The Hospital Anxiety and Depression Scale (HADS)
measures depression and anxiety in medical populations.
The 14 items are assessed on a four-point Likert scale from
0 (not at all) to 3 (most of the time) [29], with total scores
for the depression and anxiety subscales ranging from 0 to
21. Cronbach’s o fort total HADS 0.91.

The Anxiety Sensitivity Index (ASI) [30] measures fear of
anxiety-related symptoms, with 16 items rated on a five-
point Likert scale (0 = not at all and 4 = very much), with
total scores ranging from O to 64.
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The Fear of Complications Questionnaire (FCQ) [8]
contains 15 items measuring fear of long-term complica-
tions. Items are rated on a four-point Likert scale from 0
(never) to 3 (always), with total scores ranging from O to
45. Cronbach’s a 0.94.

Alcohol habits were measured using the first two ques-
tions measuring frequency and amount of alcohol from
AUDIT (The Alcohol Use Disorders Identification Test)
[31]. Exercise habits were measured with three items
assessing frequency and intensity of exercise, which were
previously used in a study of exercise habits and health
among adults in Sweden [32]. Alcohol and exercise were
assessed as they increase the risk of hypoglycemia.

To obtain a measure of long-term glycemic control, the
median value of all A;. (Mono S) test results recorded in
patient medical charts during the past 2 years was
computed.

Patients also completed a diabetes history questionnaire
assessing clinical variables regarding frequency and
severity of hypoglycemia, hypoglycemic unawareness, and
daily self-monitoring of blood glucose (SMBG) over the
past 12 months [33]. Frequency of mild and moderate
hypoglycemia was categorized as low (never—3 episodes/
month) and high (>1 episode/week), frequency of noctur-
nal episodes as low (0-5 episodes/year) and high (>1
episode/month), and frequency of SH as low (0 episodes),
high (>1 episode). Emergency room (ER) visits were
categorized as low (0 times) and high (>1 time). Hypo-
glycemic unawareness was measured on a categorical scale
by asking “In the past 12 months how often has your
SMBG shown <4 mmol/l without you noticing any
symptoms of hypoglycemia?” where <5 times was cate-
gorized as low and >1-3 times/month was categorized as
high. Frequency of SMBG was categorized as low (never—
3 days/week) and high (daily), and frequency of nocturnal
SMBG was categorized as low (<3 nights/month) and high
(=2 nights/week). Number of nights spent alone per week
was also assessed since previous HFS research identified a
factor reflecting fear of being alone when hypoglycemia
occurs [19].

Statistical analysis

Statistical analysis was performed using PASW 18.0 soft-
ware for Windows (SPSS Inc., Chicago, IL, USA).
Descriptive statistics were used for demographic and
clinical characteristics. Missing values were imputed using
the Expectation—-Maximization algorithm for all patients.
Rates of missing values were overall very low, 1.7-2.9 %,
except for item 19 in the HFS (“Having a reaction while
driving”), which had 7.4 % missing values. To investigate
which variables were significantly associated with overall
FOH, multiple linear regression analyses were performed

using the sum score of HFS total as dependent variables.
The regression models were obtained by entering the
variables in three blocks with the first block containing all
demographic variables, the second all clinical variables,
and the third psychological variables. Within each of the
three blocks, forward stepwise regressions identified those
variables significantly associated with the HF'S scores. Data
were checked for multicollinearity using the variance
inflation factor <4 and tolerance values >0.20 as criteria.
To validate the models, standard residuals were checked
for normal distribution.

Differences between groups were analyzed using Chi-
square tests, unpaired ¢ tests, or ANOVAs. Psychological
and clinical characteristics associated with FOH were
compared across two patient subgroups representing the
highest and lowest percentiles for total HFS scores—those
showing high FOH (scores >75th percentile) and low FOH
(scores <25th percentile). These low and high FOH groups
were further divided into two groups representing SH
risk—those who experienced SH in the past year (high
risk) and those who did not (low risk). This allowed
comparisons across four independent patient groups cate-
gorized by level of FOH and SH risk.

Results

A total of 469 (61 %) patients (responders) returned
questionnaires. Mean age was 47 years, mean diabetes
duration was 31.0 years, and mean A;. was 6.9 % Mono S
(61 mmol/mol). There were some minor differences
between responders and non-responders with regard to
demographic and clinical characteristics (Table 1).

Total HFS score was used as a continuous dependent
variable in regression analysis (Table 2). Gender was the
only demographic variable associated with HFS scores,
with women (m = 14.6, SD = 10.5) scoring higher than
men (m = 11.4, SD =9.2) on the Worry (t = 3.397,
p = 0.001), but not the Behavior subscale (m = 18.8,
SD = 5.9 for women; m = 18.1, SD = 6.1 for men)
(t = 1.121, p = 0.263). Regression analysis indicated that
several clinical variables were positively associated with
HFS scores, including frequency of SH, nocturnal hypo-
glycemia, and SMBG, as well as the number of symptoms
experienced during mild hypoglycemia. Three psycholog-
ical variables were also positively associated with HFS
scores, including the ASI, HADS Anxiety subscales, and the
SPS. Adding the psychological variables to the model
increased the variance explained from 16.2 to 39.2 %.
Zero-order correlations for all independent variables (IV)
are found in Table 3.

The next analyses compared clinical and psychological
variables across the four FOH/SH risk groups. The number
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Table 1 Demographic and clinical characteristics of responders and non-responders

Non-responders n = 275

Responders n = 469

All patients n = 744

Median SD 25th 75th Mean Median SD 25th 75th

75th Mean

SD 25th

Median

Mean

percentile

percentile

percentile

percentile

percentile

percentile

0.031

7.8
55
38

6.4
36
19

1.2

12.8

7.1

7.6
58

6.3
35
19

1.0

6.9 1.1 63 7.7 6.9 6.9
45 57 46
40

7.0
46.3

HbA,,

0.037

43

46.8 14.0 449

36
20

13.6

Age (years)

0.032

13.9

28

28.9

41

14.2

31

31.0

14.0

29

30.3
50

Duration (years)

0.864

50.5

49.5

Gender (% female)

Table 2 Demographic, clinical, and psychological variables related
to fear of hypoglycemia (HFS total)

Variables BStepl BStep2 B Step3

Step 1: Demographic variables

Gender 0.151%* 0.082%%* 0.009%%*
Step 2: Clinical
Frequency of nocturnal 0.185%* 0.083**
hypoglycemia
Frequency of SH 0.204%%* 0.146%*
Frequency of SMBG 0.184%** 0.179%*
Number of symptoms during 0.178%%* 0.074%%*

mild hypoglycemia
Step 3: Psychological variables

Anxiety Sensitivity Index 0.335%%*
HADS Anxiety Scale 0.174%*
Social Phobia Scale 0.142%%*
Model summary

Model F 7.217%* 13.030%*  26.061%**
(df) (1, 310) (5, 306) (8, 303)
R 0.023 0.176 0.408
Adjusted R? 0.020 0.162 0.392
AR? 0.023%#: 0.153** 0.232%*

Results are from stepwise multiple linear regression analyses. Only
variables significantly contributing to the model are displayed (vari-
ables selected using forward stepwise regression). All variables are
simultaneously adjusted for

*p <001, ** p < 0.001

of patients from the total sample (n = 469) categorized as
low versus high FOH was 161 (34.3 %) and 152 (32.4 %),
respectively. The number categorized as low versus high
SH risk was 341 (75 %) and 118 (25 %). Tables 4 and 5
show the number of patients categorized into each of the
four subgroups based on level of FOH and SH risk. The
majority of patients fell into the low FOH/low SH risk
(43 %) and the high FOH/low SH risk (32 %) groups,
while fewer fell into the high FOH/high SH risk (17 %)
and the low FOH/high SH risk (8 %) groups.

ANOVAs showed a significant subgroup effect for all
psychological measures, as well as for number of symp-
toms during mild hypoglycemia and A, (Table 4). For all
anxiety-related measures, both groups with high FOH
showed significantly higher scores than the low FOH
groups, regardless of SH risk (all p’s < 0.001). The same
difference was found for depression, with both high FOH
groups showing significantly higher scores on the HADS
depression subscale. No subgroup effect was found for
frequency of exercise or nights spent alone.

Comparisons of clinical variables between the four
subgroups also yielded a number of differences.

High FOH/high SH risk: Patients in the high FOH/high
SH risk group reported the highest frequency of moderate
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Table 3 Zero-order correlations between IV in the regression analysis

HEFS HADS Anxiety Number of Social Frequency Frequency of  Frequency of Gender
total Anxiety Sensitivity ~ symptoms Phobia of SMBG  severe nocturnal
Index during mild HG ~ Scale hypoglycemia hypoglycemia
o 0.89 0.483** 0.637**  0.176** 0.458**  0.177** 0.209%* 0.188%* 0.150** HFS total
o 0.83 0.612%*  (0.232%%* 0.629%*  0.034 0.087 0.251%* 0.173** HADS Anxiety
o 0.90 0.192%* 0.628**  0.047 0.146%* 0.118* 0.096*  Anxiety
Sensitivity
Index
0.257**  —0.040 —0.071 0.098* 0.117*  Number of
symptoms
during mild
HG
o 0.82 0.059 0.080 0.198** 0.187**  Social Phobia
Scale
0.018 0.150%* 0.164**  Frequency of
SMBG
0.018 —0.044 Frequency of
severe
hypoglycemia
0.139*%*  Frequency of
nocturnal
hypoglycemia
Gender

** Correlation is significant at the 0.01 level

* Correlation is significant at the 0.05 level

and nocturnal hypoglycemia, ER visits due to hypoglyce-
mia, hypoglycemic unawareness, and daily SMBG (see
Table 5). A;. was also significantly lower in this group as
compared to the low FOH/low SH risk group (p = 0.050).

High FOH/low SH risk: In addition to higher anxiety
and depression scores, patients in the high FOH/low SH
risk group reported more symptoms during mild hypogly-
cemia than both low FOH groups. This group also reported
more hypoglycemic symptoms during hyperglycemia
compared to other subgroups and the lowest frequency of
alcohol consumption.

Low FOH/low SH risk: In addition to higher A, levels,
these patients reported a lower frequency of moderate and
nocturnal hypoglycemia, as well as daily SMBG compared
to the high FOH/high SH risk group.

Low FOH/high SH risk: There were no differences
between patients in this subgroup and others on any clinical
variables, but as noted earlier these patients showed lower
anxiety and depression scores than both high FOH groups.

Discussion

These findings highlight the complexity of FOH and its
relationship with psychological and diabetes-related clinical
factors. Regressions showed that clinical variables, includ-
ing hypoglycemia history and awareness, were significantly

associated with FOH, but adding anxiety-related factors to
the model increased the explained variance from 16 to 39 %.
This finding indicates a strong relationship between FOH,
other diabetes-related fears, and non-diabetes-related types
of anxiety (e.g., social). However, no causal conclusions can
be drawn from these cross-sectional findings, and it remains
unclear whether a tendency toward anxiety across a broad
range of life situations increases vulnerability for FOH, or
vice versa. Fear of anxiety symptoms (ASI) was the psy-
chological factor most strongly associated with FOH.
Because anxiety symptoms overlap to a large extent with
autonomic hypoglycemia symptoms, which likely trigger a
fear response in many people with diabetes, the ASI and HF'S
may in part measure similar constructs. However, it is
important to know that some patients may fear not only the
consequences of hypoglycemia but also the symptoms
themselves. Elevated depression symptoms found in
patients with high FOH may be secondary to high levels of
anxiety. Data also indicate that FOH is associated with
reduced QoL which can increase depression [3] and a link
between FOH and depressive symptoms was found in par-
ents of children with diabetes [28]. Demographic variables
were unrelated to FOH in this study, with the exception of
higher scores in women on the Worry subscale, replicating
previous findings [19, 20].

This study also identified important differences in sub-
groups of patients reporting low and high levels of FOH

@ Springer
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Table 5 Results from the Chi-square tests for demographic, clinical, and psychological measures in the four subgroups
Low fear/low risk ~ Low fear/high risk High fear/low risk ~ High fear/high risk X 2 df )4
(n =136, 43 %) (n=125,8 %) (n =101, 32 %) (n=52,17 %)
n (%) n (%) n (%) n (%)
Gender (male) 75 (55) 16 (64) 34 (33.7) 26 (50) 13.75 (3, 314) 0.003
Frequency of nocturnal SMBG 7 (5.1) 7 (28) 16 (15.8) 14 (26.9) 20.41 (3, 314) 0.000
(high)
Frequency of SMBG (high) 92 (67.6) 16 (65) 81 (80.2) 45 (86.5) 10.51 (3, 314) 0.015
Frequency of mild HG (high) 70 (51.4) 16 (64) 57 (56.4) 37 (71.2) 6.97 (3, 312) 0.073
Frequency of moderate HG 32 (23.5) 8 (32) 35 (34.7) 23 (44.2) 8.29 (3, 312) 0.040
(high)
Frequency of nocturnal HG 33 (24.3) 7 (28) 43 (42.6) 26 (50) 14.19 (3, 304) 0.003
(high)
Hypoglycemic unawareness 53 (39) 13 (52) 51 (50.5) 37 (71.2) 16.43 (3, 309) 0.001
Symptoms of hypoglycemia 26 (19.1) 5 (20) 38 (37.6) 13 (25) 10.67 (3, 309) 0.014
during hyperglycemia (high)
Visits to emergency department 1 (0.7) 5 (20) 2(2) 21 (40.4) 81.71 (3, 314) 0.000
(high)
Frequency of alcohol 111 (81.2) 20 (80) 59 (58.4) 34 (65.4) 19.62 (3, 310) 0.000
consumption (high)
Frequency of exercise (high) 93 (68.4) 20 (80) 76 (75.2) 32 (61.5) 2.59 (3, 284) 0.458
Frequency of nights alone 53 (39) 11 (44) 46 (45.5) 24 (46.2) 1.78 (3, 308) 0.620

(high)

Means marked with bold text and with different superscripts are significantly different (p < 0.05; Tukey HSD) or indicate where the largest
difference between actual frequency and expected frequencies is for factors with a significant difference

relative to their personal hypoglycemia risk, which appear
to have important implications for interventions. Anxiety
measure scores were equally elevated in high FOH
patients, regardless of actual SH risk. Patients in the high
FOH/high SH risk group were also characterized by clin-
ical variables associated with increased SH risk, including
more frequent moderate and nocturnal hypoglycemia, ER
visits, and hypoglycemic unawareness. This patient group
also reported a higher frequency of daily and nocturnal
SMBG, an appropriate and adaptive response to greater
hypoglycemic risk. Individuals in the high FOH/high SH
risk group would likely benefit most from clinical inter-
ventions aimed at reducing their elevated SH risk. These
might include changes in diabetes management, such as
utilization of insulin pump therapy and/or continuous glu-
cose monitoring systems [34], as well as patient education
regarding hypoglycemia prevention. Interventions that
increase hypoglycemic symptom awareness, such as scru-
pulous avoidance of even mild low BG excursions or
Blood Glucose Awareness Training programs (BGAT),
may also be beneficial [35].

In contrast, the high FOH/low SH risk group was not
characterized by clinical factors indicative of problematic
hypoglycemia but rather by high levels of diabetes-related
and other anxiety. Given high FOH levels in spite of low
levels of hypoglycemic risk, these patients might benefit
from interventions aimed at anxiety reduction, including

exposure therapy, relaxation training, and coping skills
enhancement [10, 30, 31]. High FOH/low SH risk patients
also reported experiencing a higher number of hypogly-
cemic symptoms, with both low and high BG levels. This
suggests that these patients may also benefit from programs
that decrease sensitivity to adrenergic symptoms, as well as
interventions that improve recognition of hypoglycemic
symptoms.

Patients in the low FOH/low SH risk group had sig-
nificantly higher A;. levels than those in the high FOH/
high SH risk group, fewer moderate and nocturnal
hypoglycemic episodes, and a lower frequency of
SMBG. Given their reduced risk of hypoglycemia, lower
levels of FOH would appear to be appropriate for these
patients. However, the higher HbA . levels found in this
group indicate that these patients may be at higher risk
of a less desirable level of diabetes control. It is possible
that these patients experience less concern about hypo-
glycemia because their typical BG levels are more likely
to be high than low. Some of these individuals may
represent those patients who cope with FOH and reduce
hypoglycemic risk by maintaining undesirably high BG
levels. For this patient group, interventions aimed at
improving diabetes management and control, without
increasing hypoglycemia risk, may be most beneficial, as
well as training in more adaptive methods for coping
with FOH [36].
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Perhaps most puzzling and problematic is the low FOH/
high SH risk group. These patients have realistic reasons to
be concerned about hypoglycemia; therefore, higher FOH
levels would seem more appropriate. Recent research into
patients with hypoglycemic unawareness has identified a
subgroup of individuals who appear to lack adequate
concern about their high risk, as well as willingness to
make regimen changes to reduce risk [32-34]. There is
evidence that these attitudinal and behavioral features may
be related to neurological differences compared to those
with intact awareness [25]. These hypoglycemic unaware
patients who exhibit inadequate levels of concern about
their risk may fall into the low FOH/high SH group.
However, this study did not find more hypoglycemic
unawareness in this group in this study, although it is
possible that the small number of individuals in this sub-
group resulted in insufficient statistical power to detect
differences. More research is needed to identify patient
characteristics associated with inappropriately low levels
of FOH and guide intervention development. There is
encouraging research suggesting that cognitive-behavioral
therapy may effectively alter the maladaptive beliefs [e.g.,
“It is not a problem to lose awareness”, “I can function OK
with low (below 3) blood sugar levels” [25]] that appear to
contribute to inappropriate low FOH in patients with high
SH risk [37].

The above conclusions should be interpreted with
caution, bearing in mind the preliminary nature of these
findings as well as methodological limitations, including
the moderate response rate (61 %). Another sampling
issue is that the majority of the patients in this study
were, by our definition, at low risk of SH. Future studies
investigating FOH relative to hypoglycemic history/risk
should attempt to recruit more patients who experience
frequent SH. In addition, our definitions and measures of
hypoglycemic and SH history may not completely capture
all of the aspects of hypoglycemic risk that contribute to
FOH. For example, the degree to which past hypoglyce-
mia episodes and/or their consequences were psycholog-
ically or physically traumatic was not assessed, even
though this likely plays a major role in the development
of FOH. In spite of these limitations, however, these
findings appear to have important implications for future
research and clinical interventions. A variety of factors
need to be considered in order to understand the psy-
chological and clinical implications of FOH, and there is
not a “one size fits all” intervention for patients with
problematic FOH and hypoglycemia. Rather, these results
suggest that a variety of different treatment approaches
are needed to address the complex interactions between
FOH, emotional well-being, diabetes management, and
glycemic control.
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