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Abstract

Objective: To explore glycated haemoglobin (HbAlc) patterns in 5- to 9-year-olds
in the recent-onset period of type 1 diabetes and identify parent psychosocial factors
that may predict children's HbA 1c trajectory using a prospective, longitudinal design.
Research design and methods: We measured family demographics and parent
psychosocial factors at baseline. We collected HbAlc levels from children every
3 months for up to 30 months. Deriving several features around HbAlc trends, we
used k-means clustering to group trajectories and linear and logistic regressions to
identify parent psychosocial predictors of children's HbA ¢ trajectories.

Results: The final cohort included 106 families (48 boys, mean child age
7.50 + 1.35 years and mean diabetes duration 4.71 + 3.19 months). We identified
four unique HbA 1c trajectories in children: high increasing, high stable, intermediate
increasing and low stable. Compared to a low stable trajectory, increasing parent-
reported hypoglycaemia fear total score was associated with decreased odds of hav-
ing a high stable or intermediate increasing trajectory. Increasing parent-reported
diabetes-specific family conflict total score was associated with increased odds of
having a high stable or intermediate increasing trajectory.

Conclusions: We are the first to identify distinct HbAlc trajectories in 5- to
9-year-olds with recent-onset type 1 diabetes as well as parent psychosocial factors
that may predict high stable or increasing trajectories and could represent future treat-
ment targets.
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1 | INTRODUCTION

challenging families, current international guidelines rec-
ommend that children <18 years-old maintain a haemoglobin
Alc (HbAlc) of <53 mmol/mol (<7.0%) or as low as safely
possible to protect against risk of future diabetes-related com-
plications.3’4 We know that older youth and youth who are
not in the recent-onset period have a difficult time attaining

The recent-onset period of type 1 diabetes is a challeng-
ing time for families of young school-age children because
parents must quickly learn multiple self-care behaviours
to help regulate their child's blood glucose levels.! Further
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an optimal HbA 1c level and that youth and parent depressive
symptoms, hypoglycaemia fear, diabetes distress and conflict
relate to suboptimal HbA Ic levels.'”~ Several recent studies
also suggest that socio-demographic and treatment engage-
ment may relate to HbAlc trajectories in youth beyond the
recent-onset period.g_10 However, there is limited research
examining HbAlc trajectories in children <8-years-old11 or
studies exclusively focused on children with recent-onset type
1 diabetes.'*" Children with recent-onset type 1 diabetes can
have unique physiological (i.e. honeymoon period)'* and be-
havioural characteristics (i.e. families learning new diabetes
self-care) that may render it inappropriate to generalize to
them the existing HbAlc trajectories found in older youth
and youth beyond the recent-onset period. Additionally, it is
possible that associating children's HbAlc trajectories in the
recent-onset period to parent psychosocial factors could help
to identify potential modifiable targets to inform new inter-
ventions. Thus, in a sample of 5- to 9-year-olds, we sought
to examine two hypotheses. First, we hypothesized that chil-
dren with recent-onset type 1 diabetes would exhibit distinct
HbAlc trajectories that differed quantitatively by several
characteristics. Second, we hypothesized that parent psycho-
social factors measured early in their child's diabetes would
predict children's HbA1c trajectory and trajectory character-
istics in this period.

2 | METHODS

We used data from a prospective, longitudinal project com-
pleted at two regional paediatric diabetes centres in the
Midwestern and Rocky Mountain regions of the USA (US;
TACKLE-T1, Treatment Adherence and Control in Kids: a
Longitudinal Evaluation in T1; ROl DK100779). Children
were eligible for the larger project if they were between 5-
and 9-years-old and within 12 months of their diabetes diag-
nosis. All children used multiple daily injections or an insulin
pump. Parents/primary caregivers (parents) who participated
reported having primary responsibility for their child's diabe-
tes self-care and were English speaking.

We recruited eligible families by telephone and in clinic.
Participating parents provided written informed consent and
children >7-years-old provided assent. Researchers attained
assent to continue with the project from all children who
turned 7-years-old after study enrolment. Data collection
occurred every 3 months or during routine diabetes clinic
visits for up to 30 months post-study enrolment. At the first
study visit, parents completed psychosocial surveys and a
family demographic form, while children provided a small
blood sample to measure their HbAlc. Children repeated the
procedures for measuring their HbAlc at subsequent study
visits. Children received a toy valued at up to 10 US dollars
for each HbAlc measure. We obtained Institutional Review

Novelty Statement

e This study presents novel data exploring haemo-
globin Alc (HbAlc) trajectories in children with
recent-onset type 1 diabetes and prospective as-
sociations between children's HbAlc trajectories
and parent-reported psychosocial variables.

e The results reveal four unique trajectories: low
and high stable and intermediate and high increas-
ing HbAlc trajectories.

e Compared to a low stable trajectory, researchers
observed associations between higher parent-
reported diabetes-specific family conflict total
and higher odds of children having a high stable
or intermediate increasing trajectory.

e The study provides evidence for tailoring behav-
ioural interventions to families of young school-
age children at the highest risk for an increasing or
high stable HbA lc trajectory soon after diagnosis.

Board approval for all study procedures at both participating
institutions prior to family enrolment.

2.1 | Measures

2.1.1 | Demographic form

Parents reported on child age and sex, parent age and rela-
tionship to the child and parent—child dyad's race and ethnic-
ity. Additionally, we measured time since the child's diabetes
diagnosis in months.

2.1.2 | Diabetes distress

Parents completed the Problem Areas in Diabetes—Parent
Revised (PAID-PR)." Higher scores on the PAID-PR re-
flect greater perceptions of diabetes distress. We calculated
a total score (PAID-PR Total) and subscale scores reflect-
ing parents’ immediate (PAID-PR Immediate) and long-term
(PAID-PR Theory) distress.

2.1.3 | Fear of hypoglycaemia

Parents completed the Hypoglycaemia Fear Survey for
Parents (HFS-P). Higher scores on the HFS-P reflect greater
perceptions of symptoms. We calculated a total score
(HFS-P Total) and subscales score reflecting hypoglycaemia
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avoidance behaviours (HFS-P Behaviour) and worry (HFS-P
Worry). o

2.1.4 | Depressive symptoms

Parents completed the Center for Epidemiological Studies
Diabetes Scale (CES-D).!” We calculated a Total score with
higher scores reflecting greater depressive symptoms.

2.1.5 | Family conflict

Parents completed the Diabetes Family Conflict Scale—
Revised (DFCS-R). Higher scores on the DFCS-R reflect
greater perceptions of conflict. We calculated total score
(DFCS-R Total) and subscale scores reflecting conflict over
daily diabetes self-care tasks (DFCS-R Direct) and conflict
over less frequent diabetes self-care tasks or non-diabetes
tasks (DFCS-R Indirect).'®

2.1.6 | Child HbAlc

We measured children's HbAlc using a validated finger stick
blood sample and laboratory kit in a central laboratory. We
analysed blood samples using automated high-performance
liquid chromatography (reference range 20—42 mmol/mol
[4.0%—6.0%]; Tosoh Corporation).19 In the few cases of miss-
ing or diluted laboratory samples, we used children's most
recent point-of-care values (reliability >0.90 with available
laboratory-based values).

2.1.7 | HbAIlc trajectory-derived features
Although HbAlc offers a standardized measure of glucose
levels, the raw magnitude of these data represents only one as-
pect of what it means to have near-normal HbA 1c. Therefore,
we sought to transform children's HbAlc trajectories into a
set of clinically meaningful derived features to capture vari-
ous descriptors of temporal trends. These included slope,
variability, variability ratio, percentage above 58 mmol/mol
(>7.5%) and density, which we define in Table 1. We selected
percentage above 58 mmol/mol (>7.5%) because, during the
TACKLE-T1 study, this was the target for US youth,20 which
suggests suboptimal levels.

3 | ANALYSES

To minimize sources of potential bias, we added two exclu-
sion criteria to the complete cohort of 130 families. These

DIABETIC HIEREY

included removing families with missing baseline parent psy-
chosocial surveys (n = 6) and removing families if children
have fewer than 5 HbAlc levels in 15 months, equating to
<50% of follow-up visits (n = 18); resulting in a final cohort
of 106 families. Next, we characterized children's HbAlc
trajectories by computing descriptive statistics for slope,
variability, variability ratio, percentage above 58 mmol/mol
(>7.5%) and density, as well as for parents’ baseline psy-
chosocial variables. To identify subgroups of children based
on our HbAlc trajectory characteristics, we used an unsu-
pervised K-means clustering approach. Specifically, we cre-
ated a vector comprised of derived HbA1c features for each
child and we min-max normalized the distributions for each
derived feature to calculate the vector-defined distance be-
tween a pair of instances (children) while minimizing the risk
that scale differences could artificially inflate the importance
of any single attribute. Then, with each feature rescaled, we
used the gap statistic to determine an optimal number of clus-
ters, (k) = 4, and with 20 random initializations to establish
stability and reproducibility, we grouped children by their
HbA Ic cluster and recomputed descriptive statistics for each
cluster. For completeness, we also implemented a standard
bootstrapped cluster stability metric?! and found the clusters
to be highly robust.

Finally, using a series of robust linear regressions with a
HuberT weight function,”* we explored associations for each
HbAIc trajectory-derived feature (dependent variable) with
parent psychosocial variables (independent variables), while
multinominal logistic regression was used to evaluate the
associated odds of children belonging to a specific HbAlc
trajectory-derived cluster as a function of parents’ psychoso-
cial variables using the low stable cluster as a reference. We
adjusted regressions for child age, time since diagnosis, sex,
race and clinic site, and we mean-centred parent psychosocial
variables to aid interpretation.

Consistent with contemporary recommendations,” we
quantify our associations between child HbAlc trajectory
characteristics and parent psychosocial variables by eval-
uating their effect size, directionality and confidence in-
tervals. To obtain confidence intervals, we implemented
a 10,000-sample bootstrap analysis for each regression.
Sampling with replacement, to estimate expected (average)
effect sizes along with their corresponding 95% conference
intervals. We performed our primary analyses using python
3.7.6, pandas 1.0.1,% numpy 1.18, scipy 1.4.1% and stats-
models 0.11.%°

4 | RESULTS

Table 2 summarizes all sample demographics, children's
HbAlc-derived features and parents’ baseline psychosocial
survey results for the entire cohort (n = 106) and by HbAlc
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Slope This describes the global trend in children's HbAlc levels. To compute
this value, we fit children's HbAlc level against a temporal covariate

TABLE 1 Descriptions of derived
HbAIc features

representing absolute time since baseline for each HbAlc level and
we used a robust linear model with HuberT weight*? to account for
potential measurement error and noise when obtaining the line of
best fit. We report slope based on mmol/mol change in year.

Variability

This describes the relative amount of visit-to-visit change in children's

HbAc levels. For this feature, we calculated the standard deviation

of collected HbA 1c levels for each child.

Variability ratio

Because monotonically increasing trends can have artificially large

standard deviations, we created a secondary measure of variability

representing the ratio of variability (standard deviation) between the

first and second half of study visits. Because to remain in our sample,
all children had to have HbA 1c data from >6 study visits, each ratio
represents a minimum of 6 months and 3 HbAlc levels. Here, a
value of 1 suggest identical variability across the study, >1 suggests
higher variability during the first half of study visits and <1 suggests
higher variability during the second half of study visits.

Percentage
>58 mmol/

mol (>7.5%) place for children during the larger study.20

Density

This reflects the percentage of all visits for which children's HbAlc level
was >58 mmol/mol (>7.5%), which was the target HbAlc level in

This reflects how rapidly changes occurred in children's HbAlc levels

over the course of the study. We added this derived feature as all
children were in the recent-onset period of T1D and potentially
experiencing a honeymoon period during the study, which could
impact their HbAlc levels. To derive this metric, we computed the
area under the trajectory curves for each child over the study period.
We then identified the point in time at which a child's trajectory
reached an area under the curve of 25% of their eventual total. We
reported this time as percentage from total time. In this way, those
children with a rapid increase after onset have a lower value than
those with a slower increase. For reference, a child with a completely

flat trajectory over the study would reach this value at exactly 25% of

their total time.

trajectory subgroups. Overall, the slope and density of chil-
dren's HbAlc trajectory curves suggest their HbAlc levels
were, on average, increasing over time. Children's longitu-
dinal HbAlc levels evidenced variability, especially in the
first versus second half of the study visits. Moreover, for
the entire cohort, children's HbAlc was, on average, above
58 mmol/mol (>7.5%) at 71% of their visits. Parental psycho-
social outcomes demonstrated scores in the mild-to-moderate
range across surveys.

Figure 1 presents the median trend for subgroups of chil-
dren in the recent-onset period who exhibited HbAlc tra-
jectories with similar characteristics. Applying labels used
previously,”!? our four HbAlc trajectories were as follows:
(1) high increasing, (2) high stable, (3) intermediate increas-
ing and (4) low stable. The smallest cluster was the high in-
creasing trajectory. Eight children comprised this subgroup,
demonstrating longitudinal HbAlc values with the largest
positive slope, high variability and an average of 71% of
HbAlc values above target. In contrast, the largest cluster
was the high stable trajectory. Forty-one children comprised

this subgroup and averaged 90% of HbAlc values above
58 mmol/mol (>7.5%) with minimal temporal change and
variability in overall HbAlc level. Children who clustered in
the intermediate increasing trajectory (n = 30) demonstrated
modest positive slope and variability in their overall HbAlc
level and averaged 81% of HbA1c values above target. Finally,
children who clustered in the low stable trajectory (n = 27)
averaged 32% of HbAlc levels above target and evidenced
low variability in their HbAlc level. In follow-up sensitivity
analyses, characterizing trajectories based on child age (di-
chotomized <8- or >8-years-old), there was a comparable
proportion of children >8-years-old included in the high and
low stable trajectory subgroups (51% and 52% respectively).
In contrast, there were seven children in the high increasing
(87.5%) and twelve children in the intermediate increasing
(40%) trajectory sub-groups >8-years-old at baseline.
Relating parents’ baseline psychosocial survey results
to children's HbAlc-derived features (Figure 2), we found
a negative association between parent-reported HFS-P
Behaviour scores and the percentage of visits with an HbAlc
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(Continued)

TABLE 2

Low Stable
(n=27)

Intermediate Increasing

(m = 30)

High Stable
(n=41)

High Increasing

(n=38)

Entire Cohort
(n = 106)

Variable

21.22 +2.50
10.81 +2.09
10.41 + 0.89

24.13 +7.08
12.33 + 4.05
11.80 + 3.60

23.32 + 6.65
11.95 +3.99
11.36 + 3.09

11.12 +£2.36
11.87 £2.29

23.00 +4.28

11.71 £ 3.52
11.28 +2.84

22.99 +5.89

DFCS-R Total

DFCS-R Direct

PATTON ET AL.

DFCS-R Indirect

Note: The Problem Areas in Diabetes—Parent Revised scores range 0—4 (PAID-PR Total, PAID-PR Immediate and PAID-PR Theory). The Hypoglycaemia Fear Survey—Parent Total score ranges 25-125 (HFS-P Total), Behaviour

score ranges 10-50 (HFS-P Behaviour) and Worry score ranges 15-75 (HFS-P Worry). The Center for Epidemiological Studies Depression Scale score ranges 0—60 (CES-D). The Diabetes Family Conflict Scale-Revised Total

score ranges 19-57 (DFCS-R Total), Direct score ranges 9-27 (DFCS-R Direct) and Indirect score ranges 10-30 (DFCS-R Indirect).

above 58 mmol/mol (f = —6.60) and negative associations
between PAID-PR Immediate scores and children's HbAlc
slope (B = —1.83) and density (f = —1.23). In contrast, we
saw a strong positive association between parent-reported
DFCS-R Total scores and the per cent of visits with an
HbA1c above 58 mmol/mol (f = 5.47), and positive associa-
tions between parent-reported PAID-PR Theory scores with
children's HbAlc slope ( = 1.74) and children's HbAlc den-
sity (B = 1.21).

In multinomial regressions using the low stable trajectory
as our comparator (Figure 3), we found increased odds of
children following a high increasing versus low stable HbAlc
trajectory for parents reporting higher HFS-P Behaviour
(B = 2.45) and DFCS-R Indirect scores (f = 3.83). In con-
trast, we found decreased odds of children following a high
increasing versus low stable HbAlc trajectory for parents’
reporting higher DFCS-R Direct (f = —2.56) and PAID-PR
Immediate (f = —6.65) scores. We found increased odds of
children following a high stable versus low stable HbAlc tra-
jectory for parents reporting higher DFCS-R Total (f = 0.81)
and DFCS-R Indirect (f = 1.56) scores, while we found de-
creased odds of children following a high stable versus low
stable trajectory for parents reporting higher HFS-P Total
(B = —0.81), HFS-P Behaviour (§ = —0.51) and HFS-P
Worry (f = —0.66) scores. Finally, we found increased odds
of children following an intermediate increasing versus low
stable trajectory for parents reporting higher DFCS-R Total
(B = 1.10) and DFCS-R Indirect (p = 1.39) scores, while
we found decreased odds of children following an interme-
diate increasing versus low stable trajectory for parents re-
porting higher HFS-P Total (B = —0.86), HFS-P Behaviour
(B = —0.58) and HFS-P Worry ( = —0.68) scores.

5 | DISCUSSION

In a discovery data set, we examined for HbAlc trajectories
in young school-age children with recent-onset type 1 diabe-
tes. Based on our derived HbAlc trajectory-based features,
we observed that, on average, children's HbAlc levels exhib-
ited a positive slope, with variability at nearly 8% of the total
available range (20-129 mmol/mol [4%—-14%]), and levels
exceeding the appropriate US target at nearly three-quarters
of study visits. Our results also suggested HbAlc trajecto-
ries that were similar to trajectories published for older youth
with longer duration of type 1 diabetes.”!° Specifically, we
found two subgroups following stable trajectories at either a
high (i.e. above the clinical target) or low (i.e. at or below the
clinical target) level and two subgroups following increasing
trajectories, with the main difference being the per cent of
HbAc levels above the target.

We further observed that greater parental hypoglycaemia
fear (HFS-P Behaviour, Worry and Total scores) predicted
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FIGURE 1 Median HbAlc trajectory
clusters for 5-9 year-olds with recent-onset
type 1 diabetes and living in the US [Colour
figure can be viewed at wileyonlinelibrary.
com]
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decreased odds of children following a high stable and in-
termediate increasing HbAlc trajectory versus a low stable
trajectory in the recent-onset period. It is possible that these
associations emerged because parents perceived heightened
vulnerability to child hypoglycaemia and, therefore, were
working exceptionally hard to manage their child's glucose
leading to more stable and optimal levels. Yet, we also saw
greater parental HFS-P Behaviour scores predicted increased
odds of children following a high increasing versus low sta-
ble HbAlc trajectory, suggesting that, for some families,
practicing hypoglycaemia avoidance behaviours predicted
suboptimal HbA ¢ levels in the recent-onset period. We saw
that greater parental diabetes distress related to daily self-
care (PAID-PR Immediate) predicted a smaller and slower
rise in child HbAlc among those with increasing trajectories
and associated with decreased odds of children following a
high increasing versus low stable HbAlc trajectory. Finally,
we saw associations between increasing parent-reported
diabetes-specific family conflict (DSFC-R Total) and a
greater percentage of visits with child HbAlc levels above
58 mmol/mol (>7.5%) as well as increased odds of children
following a high stable or intermediate increasing versus low
stable trajectory, perhaps identifying conflict as early treat-
able risk factor for less optimal child HbAlc levels.

These results suggest that young school-age children are
likely to experience variable and increasing HbAlc levels
in the recent-onset period of type 1 diabetes. Additionally,

15
Months

our trajectory-based subgroups identify several patterns of
HbA 1c change over time, but still suggest that most children
(74%) may follow an HbA1c trajectory that is predominantly
above target. These findings are clinically noteworthy as,
based on the theory of metabolic memory,4’27 we might ex-
pect children who are able to achieve and maintain optimal
HbAIlc levels closer to diabetes onset to be at lower risk of
developing long-term diabetes-related complications. Thus,
our results may suggest a need for greater support and/or new
interventions to help young school-age children to maintain
optimal HbA Ic levels closer to the onset of their diabetes.
Our results associating children's HbAlc-based trajecto-
ries to parents’ psychosocial variables may also inform new
interventions. For example, the associations we found be-
tween early parent-reported diabetes-specific family conflict
total scores and future suboptimal child HbAlc levels and
HbAlc trajectories suggest that families of young school-
age children in the recent-onset period might benefit from
education and adjunctive treatments targeting conflict.?®
Interestingly, even though our results suggest that parental
hypoglycaemia fear (all scales) and diabetes-specific fam-
ily conflict direct scores early in type 1 diabetes may as-
sociate with a low stable HbAlc trajectory in children, the
available literature in families of youth with longer duration
type 1 diabetes does not support fear or conflict as helpful
long term. "%’ Thus, contrary to our results, we would pro-
pose that these findings also support a need for adjunctive
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FIGURE 2 Betaestimates and 95% confidence intervals of the associations between baseline parent psychosocial variables and children's

HbA Ic derived features while controlling for child age, and sex, parent-child race/ethnicity, and clinic location
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FIGURE 3 Betaestimates and the 95% confidence intervals of the multinomial logistic regressions for baseline parent psychosocial variables

and children's HbAlc trajectory cluster. Models control for child age and sex, parent-child race/ethnicity, and clinic location. (reference cluster:

Low Stable Trajectory. To the left of O indicates higher odds in favor of the reference cluster)
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interventions targeting parents’ fear and family conflict in the
recent-onset period.z&29

This study has several strengths including its prospective
longitudinal design in a relatively large sample of children
from two large paediatric diabetes centres, its use of a cen-
tral laboratory and validated, gold-standard methodology for
processing all the children's HbAlc levels and its inclusion
of parent psychosocial variables in the analyses. However,
there are also some limitations. First, this study only used a
follow-up period of 30 months, which limits an examination
of longer-term changes in children's HbAlc levels. Second,
because this study recruited children from two paediatric di-
abetes clinics versus a national registry, the sample may be
relatively homogeneous and, therefore, the results may not
extend to families from more diverse racial, ethnic or socio-
economic backgrounds. Third, while we used several strate-
gies to maintain a high level of family engagement with our
longitudinal study (e.g. incentives, email/phone calls and a
newsletter),30 we still experienced some attrition and data
loss which could have negatively affected our power to detect
other smaller effects. Fourth, the low prevalence of children
in our sample with a high increasing HbAlc trajectory, al-
though consistent with prior literature,”'® could have intro-
duced bias in our associations and subgroup results. Fifth,
we included several parent psychosocial variables and noted
large variability in our effect size. Thus, we acknowledge a
risk of type 1 error due to multiple hypothesis testing. Sixth,
although prior research has found associations among sex,
minority status and clinic site with HbAlc trajectories in
youth with longer duration type 1 diabetes,® we elected to
control for these variables versus discuss their unique asso-
ciations because these variables are not behaviourally mod-
ifiable and we experienced a low prevalence of children
populating some of these subgroups. Considering our sam-
ple limitations, we would encourage future, larger studies to
continue explore how child race and sex and parent psycho-
social variables may associate with child HbAlc trajectories
in the recent-onset period to confirm and extend our results.
Of note, we wish to acknowledge that race and ethnicity can
be proxy measures of long-standing health, social and eco-
nomic inequities in the USA.®! Consequently, we would also
encourage future studies consider the addition of variables
that may better contextually frame trajectory differences due
to systemic racism.

To conclude, we present novel results examining young
school-age children's HbAlc levels and parent's psychosocial
variables in the recent-onset period of type 1 diabetes. While
our results are preliminary due to the size and discovery nature
of the data set, they may have important clinical and research
implications. Clinically, our results suggest the possibility of
new subgroups of children with recent-onset type 1 diabetes
based on distinct HbAlc trajectories. This may provide an
evidence base for tailoring more intensive diabetes education

DIABETIC HIERAY

and therapies to families of children at the highest risk for
an increasing or high stable HbAlc trajectory. Our results
also suggest parent-reported diabetes-specific family conflict
could be a risk factor for suboptimal child HbAlc levels and
trajectories, which may provide a new target to treat or pre-
vent HbA 1c excursion in at-risk children. The present results
may also extend what clinicians and researchers know about
the experiences of families of young school-age children with
recent-onset type 1 diabetes and provide the evidence base
to initiate larger cohort or registry-based studies to continue
to develop predictive models of HbAlc trajectories in youth
with recent-onset type 1 diabetes and explore how child race
and ethnicity or parent psychosocial functioning may impact
these models.
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