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Abstract

Background: Existing research shows that hypoglycemia fear (HF) is common in parents of children with established type
| diabetes (T1D). We examined parental HF in the TID recent-onset period and evaluated whether continuous glucose
monitoring (CGM) adoption relates to improved outcomes of parental HF.

Methods: In TACKLE-TID, a prospective study of five- to nine-year olds with recent-onset TID, parents completed the
Hypoglycemia Fear Survey-Parents (HFS-P) at baseline (T1) and 6 (T2) and 12 (T3) months post-baseline. The HFS-P
measures worry about hypoglycemia (HFS-Worry score) as well as hypoglycemia avoidance behaviors (HFS-Behavior score).
We recorded CGM start dates for youth during the same time period through medical record review.

Results: Between Tl and T2, 31 youth (32.3%) initiated CGM therapy, and between T2 and T3, an additional 17 youth
(17.7%) began using CGM, leaving 48 youth who never initiated CGM therapy (50%) in the recent-onset period. Parents
reported moderate HFS-Worry scores at T (32.9 = | 1.9), which increased between Tl and T2 (37.6 = 1.4, P < .00I) and
plateaued between T2 and T3 (37.7 = 12.4, P = .89). In contrast, parental HFS-Behavior scores decreased between T1 (33.1
+ 5.8) and T2 (32.2 = 6.0, P = .005) and plateaued between T2 and T3 (32.2 £ 6.0, P = .95). Baseline HFS-Behavior and
Worry scores were associated with increased adoption of CGM between T1-T2 and T2-T3, respectively. Parents of children
initiating CGM therapy between T and T2 showed the largest decrease in HFS-Behavior (P = .03).

Conclusions: Initiating CGM therapy within the first 12 months of TID may help reduce parents’ use of hypoglycemia
avoidance behaviors, but has little effect on parents’ hypoglycemia worry.
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blood glucose levels to run above their age-based glycemic
target range. In this way, parental HF can be a significant
barrier in a child’s diabetes management suggesting a need
for solutions to alleviate parents’ fears.

Introduction

Parents of children with recent-onset type 1 diabetes (T1D)
must learn to manage a complex disease around various
activities in a child’s life that affect glycemic management.
One common, but unpredictable, acute complication of
insulin therapy is hypoglycemia. If left untreated, hypogly-

cemia can result in seizure, loss of consciousness, or death.
Due to the potential risks associated with hypoglycemia,
many individuals with T1D and their caregivers develop
significant anxiety related to hypoglycemia, referred to as
fear of hypoglycemia (HF).!** Moderate parental HF occurs
at a high rate among parents of children and adolescents
with T1D and directly relates to children’s blood glucose
levels,>” and hemoglobin Alc (HbA1c).® These associations
may be due to parents modifying their T1D management
behaviors in response to HF such that they allow their child’s
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Advances in diabetes technologies have made continuous
glucose monitors (CGM) more accessible to people with
T1D and their caregivers. The safety and effectiveness of
these devices are well studied,”'? and national and interna-
tional clinical care guidelines recommend the use of these
devices in pediatric populations.!! No published literature
has yet examined the relationship between parental HF and
the adoption of CGM technology among children with
recent-onset T1D. Therefore, our objectives were to examine
parental HF levels and their rate of CGM adoption over the
recent-onset period and to investigate if the timing of CGM
adoption affects parental HF. We hypothesized that higher
parental HF at baseline would relate to higher rates of CGM
adoption within the recent-onset period of T1D and that after
CGM adoption, parental HF would be significantly lower
among parents of families who adopted CGM vs parents of
non-adopters, specifically in both the Behavior and Worry
subscales.

Methods

Participants and Procedure

We recruited children aged five to nine years and their par-
ents from two pediatric diabetes clinics in the United States
to participate in a three-year longitudinal study examining
psychosocial factors that may contribute to glycemic control
in youth during the recent-onset period of T1D. More detailed
methodology has been discussed elsewhere.!?' In general,
parents completed study questionnaires every six months. In
this report, we utilized data collected at baseline (T1),
6months post-baseline (T2), and 12months post-baseline
(T3). On average, we enrolled children at about 5months
post-diagnosis, thus T2 reflects families’ status at approxi-
mately 12months post-diagnosis and T3 reflects families’
status at about 18months post-T1D diagnosis. Parents
received $50 at each time point to compensate them for com-
pleting study measures. CGM start dates from T1 through T3
were obtained from the child’s electronic medical record
data. Youth who initiated CGM prior to study enrollment
were excluded from these analyses.

Measures

Demographics. Parent’s reported all demographic informa-
tion at T1 including child age, child sex, child race/ethnicity,
duration of T1D, caregiver relation to child, caregiver age,
caregiver marital status, and family income.

Hypoglycemia Fear Survey-Parents. Parents completed the
Hypoglycemia Fear Survey-Parents (HFS-P), a validated
25-item survey.!> Parents answered items on a five-point
Likert scale (1 = Never, 2 = Almost Never, 3 = Sometimes,
4 = Almost Always, and 5 = Always); higher scores suggest
greater HF. The HFS-P has two subscales: HFS-Worry and
HFS-Behavior. The HFS-Worry subscale includes 15 items

where higher worry scores suggest parents experience
increased worry about their child having a low blood glucose
event. The HFS-Behavior subscale includes 10 items where
higher behavior scores indicate parents engage in treatment
behaviors to keep their child’s glucose level above the target
range. In this study, we used parents HFS-Worry and HFS-
Behavior scores. To interpret HFS scores, we used previ-
ously published literature for comparison.**

HbAIc. We collected children’s HbA 1c by finger-stick blood
sample and capillary tube collection during study visits at
T1, T2, and T3. All study samples were analyzed at a central
laboratory using automated high-performance liquid chro-
matography (reference range 4.0%-6.0%, Tosoh 2.2, Tosoh
Corporation, San Francisco, CA), which has been described
previously.'?'* We report these levels to help characterize
our sample.

Analyses

Descriptive statistics were used to examine our sample char-
acteristics, the main outcome variables, and study hypothe-
ses. We used two-tailed correlations to examine if baseline
HFS-Worry or HFS-Behavior scores related to CGM adop-
tion. We used a series of independent samples #-tests to exam-
ine differences in HFS-Worry and HFS-Behavior scores for
parents of children who started CGM vs parents of children
who did not start CGM.

This study was approved by the Colorado Multiple
Institutional Review Board and the Pediatric Institutional
Review Board at The Children’s Mercy Hospital & Clinics.
Investigators obtained written informed consent prior to all
study procedures.

Results

One hundred and twenty-eight parent-child dyads enrolled
in the longitudinal study. Of these, 96 had data regarding
CGM use through the first 12 months of follow-up and com-
pleted the HFS-P at T3, resulting in our final sample (75%
included in the present analysis). Children were an average
of 7.5 = 1.3 years old and 4.7 = 3.3 months post-diagnosis
at baseline (T1). Average HbAlc at Tl was 7.6 = 1.4%
(60 = 15mmol/mol), 8.1 = 1.2% (65 = 13 mmol/mol) at
T2, and 8.3 = 1.2% (67 = 13 mmol/mol) at T3. About half
of children were female and most were non-Hispanic White.
Mothers made up the majority of the parent respondent
group. There were no significant differences in child age,
sex, or race on parental HFS scores or CGM adoption
(Table 1).

Fear of Hypoglycemia in Parents

Average total HFS-P score at T1 was 66.0 = 13.7, which indi-
cates a moderate level of fear. Between T1 and T2, parents’
HFS-P total scores increased significantly (69.8 = 14.5,
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Table I. Demographic and Clinical Characteristics of Child-
Parent Dyads Enrolled in TACKLE-TID.

Minimum Maximum Mean * SD

Child age, years 5 9 75+ 14
Age at diagnosis, years 4 9 70+ 14
Diabetes duration (months) 0 12 47 £33
Parent age, years 24 54 368 = 64
n (%)
Child gender (% F) 60 (52.2%)
Demographics (% NHW) 98 (85.2%)
Caregiver type (% mothers) 101 (87.8%)
Families with other TI1D 17 (14.8%)

children

Abbreviations: SD, standard deviation; TID, type | diabetes.

Table 2. Longitudinal Measures of Parental Fear of
Hypoglycemia and Relation to Adoption of Diabetes Technology
(mean = SD).

CGMTI-T2 CGM T2-T3 No CGM
(n=3I) (n=17) (n = 48)
HF Scores T1
Total 664 = 12.8 72.1 = 15.8 628 = 13.4
Behavior 343 £ 56 335 £ 6.0 314 £56
Worry 322 = 109 385 = 13.2 314 £ 12.1
HF Scores T2
Total 68.7 = 14.6 778 = 15.6 67.7 = 13.5
Behavior 320 + 59 33.6 £ 6.2 313 + 6.0
Worry 36.7 = I1.1 442 = 13.0 365 £ 109
HF Scores T3
Total 704 = 152 742 = |57 67.1 = 153
Behavior 33.0 £ 63 320 =57 310 £ 59
Worry 375 119 422 = 2.1 36.1 = 13.0

Abbreviations: CGM, continuous glucose monitoring; HF, fear of
hypoglycemia; SD, standard deviation.

P = .005) and then plateaued between T2 and T3 (69.8 = 15.3,
P = .95). At T1, the mean HFS-Behavior score was 33.1 = 5.8.
Between T1 and T2, parents reported a significant decrease in
HFS-Behavior scores (AT1-T2 = —0.9, P = .05). However,
there was no difference between parents’ HFS-Behavior scores
between T2 and T3 (AT2-T3 = 0.1, P = .20). In contrast, par-
ents’ average HFS-Worry score was 32.9 = 11.7 at T1 and
increased significantly from T1 to T2 (AT1-T2=5.1, P = .001).
After T2, we observed no change in parents’ HFS-Worry scores
(AT2-T3 = —0.1, P = .72).

CGM Use and Parent HFS

Between T1 and T2, 31 (32.3%) youth began CGM therapy.
Between T2 and T3, an additional 17 (17.7%) children began
CGM therapy. Table 2 reports parents’ HFS scores across
time points for parents of children starting CGM therapy vs
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Figure I. Change in HFS-P Behavior score for parents whose
child started on CGM technology between baseline (T1) and six
months (T2) compared to those who did not start on a CGM
adjusted for diabetes duration. Green line shows change in
HFS-P Behavior score for parents whose child started a CGM
between T| and T2. The blue line shows change in HFS-Behavior
in parents whose child did not start CGM. CGM, continuous
glucose monitoring; HFS-P, Hypoglycemia Fear Survey-Parents.

parents of children not starting CGM therapy. We saw a sig-
nificant association between CGM starts between baseline
(T1) and T2 and parents’ T1 HFS-Behavior scores (» = 0.25,
P = .01). There was no association between parents’ T1
HFS-Behavior scores and CGM starts between T2 and T3.
We saw no association between parents’ T1 HFS-Worry
scores and CGM starts between T1 and T2, but there was a
significant association with CGM starts between T2 and T3
and parents’ T1 HFS-Worry scores (r = 0.22, P < .04).

Parents’ T1 HFS-Behavior score was significantly higher
among parents of children starting CGM at some point
between T1 and T2 compared to parents of children who did
not start CGM (P = .02). Moreover, after controlling for
T1D duration, parents of children starting a CGM between
T1 and T2 reported a significantly greater decline in their
HFS-Behavior scores between T1 and T2 than parents of
children who did not adopt CGM (P = .03) (Figure 1).
Compared to parents of children who did not start CGM,
those starting CGM between T2 and T3 had a higher T1
HFS-Worry score (P = .04). We did not see a difference in
T1 HFS-Worry scores for parents of children who started
CGM between T1 and T2 vs parents of children who did not
start CGM during this period.

Discussion

This study is the first reported in the literature to use a pro-
spective longitudinal design to report on parents’ HF in the
recent-onset period. Specifically, this design enabled us to
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see that parents” HFS-Worry scores started out at moderate
levels, increased slightly between baseline (T1) and T2, and
then plateaued and remained high-moderate between T2 and
T3. In contrast, we saw parents’ HFS-Behavior scores
decrease slightly between T1 and T2 and then remain at a
consistent level between T2 and T3. Baseline HFS-Behavior
and Worry scores were associated with increased CGM
adoption between T1-T2 and T2-T3, respectively. Further,
compared to those not using CGM, those who adopt CGM
technology within the first 18 months post-diagnosis have
greater decrease in HFS-Behavior score.

Youth with recent-onset T1D are vulnerable to extreme
glycemic variability as families learn T1D self-care and learn
to balance exogenous insulin injections with their child’s
carbohydrate intake and residual endogenous insulin
release.'® The combination of exogenous insulin injections
and endogenous insulin release may increase the likelihood
that a child will experience a hypoglycemic event. Families
initially may take extra measures to protect their child from a
hypoglycemia event, such as feeding their child large snacks
or over-treating blood glucose levels. It is possible our data
captured families’ potential over-reliance on hypoglycemic
avoidance behaviors early in TID as evidence by higher
HFS-Behavior scores at T1 than at later time points.
Moreover, we would anticipate that parents and children
would gain more knowledge and experience in managing
T1D, which may translate into less reliance on hypoglycemic
avoidance behaviors and parents’ slightly lower HFS-
Behavior scores at T2 and T3. In contrast, we believe par-
ents” HFS-Worry scores increased between T1 and T2 and
then remained moderately high between T2 and T3 related to
their increased time and experience managing T1D. From
the literature, we know that many parents of similarly aged
youth with established T1D report moderately high HFS-
Worry scores.*®!1713 In this way, it is possible our data pro-
vide a glimpse at how parental HFS-Worry levels may start
out in youth with recent-onset T1D and evolve as children
and parents move out of the recent-onset period.

We were keenly interested to see how CGM adoption in
these families of youth with recent-onset T1D may relate to
parents’ HF and if CGM adoption might relate to lower
parental HF. First, our data provide a snapshot of the degree
of which our sample started to engage with CGM early
after onset of T1D. There was a relatively large number of
families who were quick to adopt CGM in the first year of
their child’s diagnosis, followed by a smaller number of
families who adopted CGM between approximately 12 and
18 months post-diagnosis; though, one-third of families
never started CGM during this analysis period and we
excluded families who adopted CGM prior to baseline.
However, the correlations we observed between parents’ T1
HFS-Behavior scores and the number of CGM starts
between T1 and T2 as well as the association between par-
ents’ T1 HFS-Worry scores and the number of CGM starts
between T2 and T3 suggest that parents’ HF may be one
factor that relates to whether families start CGM in the

recent-onset period. In follow-up comparisons we found
that T1 HFS-Total scores were significantly lower for par-
ents of children who never started CGM vs parents of chil-
dren who started CGM between T1 and T2 and between T2
and T3, potentially reinforcing the possibility that some
parents may adopt CGM because they are experiencing
higher levels of HF in the recent-onset period. Our results
showed that while starting CGM may relate to a decline in
HFS-Behavior scores, but it may not impact parents’ HFS-
Worry scores. There is an emotional quality to anxiety
which may not be managed just by starting a new device.
Parents may require support and counseling to ultimately
reduce their HF. It is notable that existing research shows
that starting CGM soon after diagnosis of T1D may help
children to achieve better HbA ¢ in this early period.'? It is
possible that kids using CGM achieve lower HbAlc in the
recent-onset period because their parents may be relying
less on hypoglycemia avoidance behaviors that lead to high
child blood glucose levels.

This study is the first that evaluates parental HF and its
relationship to the timing of the adoption of technology. We
assert that a notable strength of the study is its prospective
longitudinal design, which enabled us to track parent HF lev-
els across the recent-onset period and to see how they may
relate to the timing of CGM initiation. Yet, our study’s sam-
ple population is a limitation. We only had 48 children start a
CGM at any time between T1 and T3. It is beyond the scope
of our study to identify if families did not start CGM because
of distrust/disinterest in the device, lack of awareness, insur-
ance problems, or clinic/physician practice variations. It is
possible that our study is underpowered to see differences in
parent HF, particularly for parents of children who started
CGM between T2 and T3 when only 17 children began CGM
therapy. Additionally, our sample was predominately made
up of non-Hispanic White children and their parents as well
as families of higher income levels. Although these demo-
graphics are representative of the populations at both of the
participating pediatric academic centers, future research
should evaluate parental HF and CGM adoption across chil-
dren and families from a variety of racial/ethnic and income
backgrounds.

Conclusions

Overall, this study found that starting technology 6 to
12 months following diagnosis of T1D related to reduced
parental HF. Randomized prospective studies should exam-
ine timing of CGM initiation following diagnosis of T1D on
parental HF. Additional research should define cutoff scores
for elevated parental HF to determine scores in which par-
ents may benefit from the adoption of technology.
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