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Abstract

To determine if pump therapy with continuous glucose monitoring offering low glu-
cose suspend (LGS) decreases fear of hypoglycemia among children with type 1 dia-
betes and their parents. The CGM TIME trial is a multicenter randomized controlled
trial that enrolled 144 children with type 1 diabetes for at least 1 year (mean duration
3.4 £ 3.1 years) starting pump therapy (MiniMed™ Veo™, Medtronic Canada). CGM
(MiniMed™ Enlite™ sensor) offering LGS was introduced simultaneously or delayed
for 6 months. Hypoglycemia Fear Scale (HFS) was completed by children >10 years
old and all parents, at study entry and 12 months later. Simultaneous and Delayed
Group participants were combined for all analyses. Subscale scores were compared
with paired t-tests, and individual items with paired Wilcoxon tests. Linear regression
examined association with CGM adherence. 121/140 parents and 91/99 children
>10 years had complete data. Mean Behavior subscale score decreased from 21.1
(SD 5.9) to 17.2 (SD 6.1) (p <.001) for children, and 20.7 (SD 7.5) to 17.4 (7.4)
(p < .001) for parents. Mean Worry subscale score decreased from 17.9 (SD 11.9) to
11.9 (SD 11.4) (p < .001) for children, and 23.1 (SD 13.2) to 17.6 (SD 10.4) (p < .001)
for parents. Median scores for 10/25 child items and 12/25 parent items were signif-
icantly lower at 12 months (p < .001). Linear regression found no association
between HFS scores and CGM adherence. Insulin pump therapy with CGM offering
LGS significantly reduced fear of hypoglycemia not related to CGM adherence in chil-
dren with type 1 diabetes and their parents.
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1 | INTRODUCTION

Fear of hypoglycemia is an important determinant of quality of life for
children with type 1 diabetes and their families.)* An important step
in insulin pump technology was the development of the low glucose
suspend (LGS) feature which allows low readings on a continuous glu-
cose monitor (CGM) to automatically stop the pump's insulin delivery
for a prespecified period of time. There have been multiple studies
confirming that LGS is safe in adults®>” and children®? and can reduce
the risk of overnight hypoglycemia without significantly increasing risk
of ketosis.>*? Two large trials demonstrated that LGS can significantly
decrease frequency and severity of hypoglycemia.”*?

The CGM TIME Trial (Timing of Initiation of continuous glucose
Monitoring in Established pediatric diabetes, www.clinicaltrials.gov
reg. no. NCT01295788) is a multicenter randomized controlled trial
which explored the impact of timing of CGM initiation in relation to
initiation of insulin pump therapy (Enlite™ Sensor and Paradigm™
Veo™ Insulin Pump Medtronic Canada) on adherence to CGM and
glycemic control. The trial demonstrated significantly greater adher-
ence to CGM (adjusted difference of 2.2 hours per day) in participants
who started CGM and pump simultaneously compared to those who
started CGM 6 months after pump therapy, with greater proportion
of time spent using CGM associated with better glycemic control.*®
This manuscript explores the effect on child and parent fear of hypo-
glycemia of pump therapy with and without CGM that offered LGS.

The Hypoglycemia Fear Survey (HFS) was developed by Cox et al
in 1987.1* It has been cited in over 200 papers and is the most com-
monly used instrument for quantifying fear of hypoglycemia in type
1 and type 2 diabetes. Clarke et al.® and Marrero et al.*® modified
HFS for use by parents of young children with diabetes. HFS which
takes 2 to 4 minutes to complete is divided into two parts. Part
1 addresses behaviors associated with fear of hypoglycemia (10 ques-
tions) and worry about hypoglycemia (15 questions). Part 2 collects
information about the frequency and severity of hypoglycemia. In
questions 1 to 25, participants rate their agreement with each state-
ment (for example, “I keep my sugar higher when | will be alone for a
while”) on a 5-point Likert scale with O representing “never” and 4 rep-
resenting “always”. The parent version of the questionnaire contains
40 items and the child version 32 items; the items on the Behavior
and Worry subscales are nearly identical in the parent and child

versions.

2 | RESEARCH DESIGN AND METHODS

The protocol for the CGM TIME Trial has been published.'® The trial
included 144 children age 5 to 18 years old with type 1 diabetes for
at least 1 year (mean diabetes duration 3.4 + 3.1 years), treated with

insulin injections. Children were randomized to start CGM when they
switched from injections to an insulin pump (Simultaneous Group) or
6 months after starting pump therapy (Delayed Group). The primary
outcomes of CGM adherence and change in HbAlc 6 months after
CGM initiation were reported separately.*® Children 210 years of age,
as well as parents of all participants, completed the HFS questionnaire
at the time of their pump start (after randomization) and at the 3, 6,
9, and 12 month follow-up visits. There were minor differences in
wording between the parent and child versions, and between the ini-
tial and follow-up questionnaires. Children were included in this analy-
sis if they completed HFS at study entry and 12 month study visit.
One parent per child was included in the parent analysis if the same
parent completed HFS at study entry and 12 month visit. If more than
one parent per child completed HFS at both time points, an index par-
ent was chosen according to a priori order of mother, father, and other
parent. Each item in Part 1 of HFS consists of 25 questions, which are
scored from O (“never”) to 4 (“always”). Scores on the Behavior sub-
scale (items 1-10) and the Worry subscale (items 11-25) were calcu-
lated separately for children and parents at each time point.
Participants were excluded from the analysis if more than 2 HFS items
were missing. CONSORT standards for design and reporting of clinical
trials were followed.

Data on CGM adherence were uploaded weekly to CareLink™.
CGM hours in the 21-day period just before the 12 month study visit
were used to determine CGM adherence. Sometimes CareLink™ did
not collect data on all 7 days each week due to technical errors, how-
ever in each 21 day period, the total number of hours CGM was avail-
able and number of days data were reported. An adjustment was
made where the number of CGM usage hours in a projected 21 day

period was calculated as (total hours/total days x 21 days).

21 | Statistics

This is an exploratory study with multiple statistical tests, so p-values
should be interpreted with caution. Participants from the two ran-
domization groups were combined for this analysis. HFS subscale
means and standard deviations were calculated separately for parents
and children. When subscale means were calculated, missing items
were handled with simple imputation, with the mean score of other
items on the subscale for that individual imputed for the missing
score. Comparisons between subscale scores at study entry and at
12 months were evaluated using paired t-tests. Mean scores for each
HFS item at each time point were calculated by adding the scores and
dividing by the number of participants in the group who answered the
question (without imputation). Metrics to summarize scores at each
visit were expressed as medians and interquartile ranges, and paired

Wilcoxon tests were used to test for statistical significance.
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A multivariable linear regression model was used to examine
association between CGM adherence (mean hours per day) in the
3 weeks prior to the 12 month questionnaire, adjusted for child's age
and gender, duration of diabetes, and randomization group. For the
parent analysis, parent gender was also included. Statistical analysis
was performed by the CHEO Research Institute using R version
3.4.2.Y

3 | RESULTS

Ninety-seven of 98 eligible children age 10 and over completed HFS
at study entry. Of these, 95 also completed HFS at the 12 month visit.
Four of these children were excluded for missing items on HFS, leav-
ing a sample size of 91 children, 48 in the Simultaneous Group and 43
in the Delayed Group. One hundred and forty out of 141 participants
had at least one parent who completed HFS at the first study visit. Of
these, 122 had the same parent complete the questionnaire at the
12 month visit. One parent was excluded due to missing items on

HFS. A total of 121 parents were included, 59 in the Simultaneous
Group and 62 in the Delayed Group.

Scores on the Behavior and Worry subscales were different
between study entry and the 12 month follow-up visit, for both par-
ents and children (Figure 1). The mean Behavior subscale score
decreased from 21.1 (SD 5.9) to 17.2 (SD 6.1) (p < .001) for children,
and decreased from 20.7 (SD 7.5) to 17.4 (7.4) (p < .001) for parents.
The mean Worry subscale score decreased from 17.9 (SD 11.9) to
11.9 (SD 11.4) (p <.001) for children, and 23.1 (SD 13.2) to 17.6
(SD 10.4) (p < .001) for parents.

An exploratory analysis is shown in Table 1, which lists the first
25 questions of HFS and the p-values comparing the baseline and
12 month mean scores for parents and children.

Multivariable linear regression did not show a significant associa-
tion between change in HFS scores from baseline to 12 months and
CGM adherence measured in the 21 days prior to completing HFS
(p = .26 for children and p = .37 for parents). This analysis was
adjusted for the child's age, child's gender, parent gender, and diabe-
tes duration. (Results not shown).
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TABLE 1 Hypoglycemia fear scale individual question analysis for children and Parents. Mean scores for all questions except #8 and #17 for
parents were lower at the 12 month visit compared to study entry for both parents and children

Hypoglycemia Fear Scale Questions (Wording from  Baseline mean score 12 month mean score Baseline mean score 12 month mean score

Child Version) and SD (Children) and SD (Children) and SD (Parents) and SD (Parents)

Behavior Scale - “How often do you...

1) Eat large snacks at bedtime” 1.82 (1.10) 1.56 (1.09) 1.64 (1.11) 1.09 (1.06)?

2) Try not to be by myself when my sugar is likely to  1.99 (1.18) 1.18 (1.20)? 2.55(1.47) 2.08 (1.39)7
be low”

3) Keep blood sugars to be a little high to be on the 1.68 (0.92) 1.22 (1.05? 1.75(1.11) 1.23 (1.00)
safe side”

4) Keep my sugar higher when | will be alone for a 1.18 (1.04) 0.88 (1.00) 1.23(1.26) 0.88 (1.03)
while”

5) Eat something as soon as | feel the first sign of a 2.41(1.22) 1.66 (1.26)° 2.34 (1.39) 2.08 (1.41)
low blood sugar”

6) Take less insulin when | think my sugar might get 2.39 (1.16) 2.11(1.20) 2.23(1.25) 1.89 (1.20)
too low”

7) Keep my blood sugar higher when | am going to 1.30(1.09) 0.97 (1.12) 1.36 (1.37) 0.92 (1.11)2
be away from my parents”

8) Carry some kind of sugar, drink, or food with me” 3.66 (0.64) 3.31(0.93) 3.76 (0.62) 3.78 (0.54)

9) Try not to do exercise when | think my sugar is 2.36 (1.38) 2.34 (1.20) 1.52(1.34) 1.47 (1.28)
low”

10) Check my sugar often when | am away from 2.31(1.08) 1.92(1.05) 2.35(1.26) 1.99 (1.22)
home

Worry Scale - “How often to you worry about...

11) Not recognizing that my blood sugar is low” 1.34 (1.13) 1.04 (0.94) 1.93(1.27) 1.68(1.12)

12) Not having food, fruit, or juice with me when my  1.42 (1.20) 1.18 (1.01) 1.75(1.25) 1.44 (1.07)
blood sugar gets low”

13) Feeling dizzy or passing out in public because of 1.25(1.22) 0.82(1.01) 1.64 (1.30) 1.16 (0.94)°
low blood sugar”

14) Having a reaction while asleep” 1.52 (1.16) 1.01 (1.10)2 2.44(1.22) 1.99 (1.02)?

15) Embarrassing myself because of a low blood 0.60 (0.93) 0.58 (0.82) 0.44 (0.84) 0.40(0.83)
sugar”

16) Having a reaction while | am by myself” 1.36 (1.15) 0.81 (0.92)% 2.17 (1.29) 1.60 (1.01)?

17) Appearing to be 'stupid’ or clumsy in front of 0.85(1.07) 0.65 (0.90) 0.33(0.83) 0.36 (0.72)
other people”

18) Losing control because of low blood sugar” 1.10 (1.07) 0.67 (0.82)* 1.13(1.31) 0.68 (0.91)?

19) No one being around to help me during a 1.33 (1.14) 0.88 (0.87)% 2.14 (1.39) 1.57 (1.09)?
reaction”

20) Making a mistake or having an accident at school  1.10 (1.12) 0.70 (0.92) 0.99 (1.12) 0.75(0.92)
because of a low sugar”

21) Getting in trouble at school because of 0.67 (0.96) 0.60 (0.87) 0.88 (1.16) 0.82(1.02)
something that happens when my sugar is low”

22) Having seizures” 1.03 (1.29) 0.60 (0.93)* 1.60 (1.47) 0.93 (1.01)?

23) Getting long-term complications from frequent 1.20 (1.23) 0.86 (1.10) 1.90 (1.45) 1.58(1.18
low blood sugars”

24) Feeling dizzy or woozy when my sugar is low” 1.62 (1.17) 0.77 (0.98)% 1.79 (1.21) 1.19 (0.88)°

25) Having a reaction” 1.51 (1.26) 0.71 (0.99)° 2.05(1.22) 1.42(1.04)?

2Denotes p value <.001.

4 | CONCLUSIONS their parents in the context of starting pump therapy with CGM
incorporating the option of the low glucose suspend feature. During
This is, to our knowledge, the first trial measuring fear of hypoglyce- the 12-month study period, there were eight episodes of severe

mia in children with type 1 diabetes with at least 1 year duration and hypoglycemia among study participants; five of the eight episodes
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occurred while participants were using CGM with LGS active. As the
number of episodes of severe hypoglycemia was quite low, we do
not feel that this affected the HFS scores in a significant way. In
addition, the CGM TIME trial found no association between average
CGM adherence hours and the proportion of time spent with blood
glucose below 3.9 mmol/L. The lack of association between CGM
adherence and change in Hypoglycemia Fear Scale scores is interest-
ing, and likely reflects a variety of psychological factors. The CGM
adherence in this sample was highly variable between participants,
ranging from O hours per day to almost 100% adherence. Because
we only measured CGM adherence in the 21 days leading up to the
completion of the Hypoglycemia Fear Scale, it is possible that the
use of CGM earlier in the trial had helped alleviate fear of hypoglyce-
mia, for example, by reassuring parents that their child did not have
overnight hypoglycemia, or by facilitating adjustments of basal rates
so that the child's glycemic control was less variable. It is also possi-
ble that the insulin delivery method (pump versus injections) led to
less fear of hypoglycemia as basal insulin dosing could be adjusted
more precisely. LGS was introduced as part of the trial, but its use
was optional. We were not able to calculate the percentage of time
that LGS was used.

This was an exploratory trial and due to multiple testing we are
unable to draw definitive conclusions from our results, however they
do suggest that pump therapy with CGM that incorporated the option
of the low glucose suspend feature might be helpful in alleviating
some fear of hypoglycemia, which is a distressing aspect of diabetes

management for both children with diabetes and their parents.
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