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Abstract

Purpose of Review To synthesize findings from studies published within the last 5 to 10 years and recruiting families of
children with new-onset type 1 diabetes (T1D).

Recent Findings Children can establish glycated hemoglobin (HbA 1c¢) trajectories in the new-onset period that may persist
for up to a decade. Demographic factors, family conflict, and diabetic ketoacidosis at the time of diagnosis may be risk factors
for sub-optimal child HbA ¢, while new immune modulating therapies and a treatment approach that combines advanced
technologies and remote patient monitoring may improve child HbAlc. Nonetheless, recent trials in the new-onset period
have largely overlooked how treatments may impact families’ psychosocial functioning and longitudinal observational stud-
ies have been limited.

Summary The new-onset period of T1D is an important time for research and clinical intervention, though gaps exist specific
to families’ psychosocial needs. Filling these gaps is essential to inform clinical management and standard of care guidelines
and improve outcomes.
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Introduction

This article is part of the Topical collection on Psychosocial
Aspects. Type 1 diabetes mellitus (T1D) is the third most common

chronic medical condition in youth [1]. In the USA, there
are nearly 18,000 youth diagnosed with T1D annually [2,
3]; worldwide, the incidence rate may be as high as 98,200
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the months following a T1D diagnosis, a period sometimes
referred to as the “Honeymoon Period” or Partial Clinical
Remission and defined by their glycemic levels and insu-
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published to expand what we know about physiology in the
new-onset period, the effectiveness of diabetes education
and treatment strategies, and family psychosocial adjustment
in the new-onset period. Our purpose in this review is to
synthesize the results of these new studies to inform clini-
cal management and future directions of research especially
with respect to the psychosocial needs of families of children
with new-onset T1D.

Trajectories of HbA1c

Current national and international clinical care guidelines
recommend that the youth with T1D maintain an HbAlc
level <7.0% or as low as safely possible [9, 11]. This rec-
ommendation balances the potential increased risk of
severe hypoglycemia with the known risk reduction for
diabetes-related complications that can be achieved with
tighter glycemic levels as established by the results of the
Diabetes Control and Complications Trial (DCCT) [12,
13]. In a series of recent studies, researchers have sought
to track the natural history of the new-onset period in youth
with T1D with respect to their HbAlc levels. The largest
study, the New Onset (NeOn) Study, recruited 1,048 youth
with new-onset T1D from seven pediatric diabetes centers
across the USA [14, 15]. Eligible youth were within three
months of their diabetes diagnosis when recruited. Study
data included clinical characteristics (e.g., regimen, acute
complications), laboratory measures (e.g., HbAlc, C-pep-
tide), and demographics collected from the electronic health
record during youth’s routine diabetes clinic visits. Results
suggested that youth achieved their lowest HbAlc levels
between 3—6 months post-diagnosis followed by a gradual
increase in HbA 1c levels out to 36 months Moreover, out to
36 months post-diagnosis, only 30% of youth achieved an
HbAlc level below 7.5%, and there was a sixfold increase
in the percentage of youth developing diabetic ketoacidosis
(DKA) in years 2 and 3 post-diagnosis compared to year
1 (excluding DKA at the time of diagnosis) [14]. Sherr
et al. [16e¢] examined HbA 1c trajectories post-diagnosis
from youth recruited into three international T1D regis-
tries: Australasian Diabetes Data Network, German/Aus-
trian Prospective Diabetes Follow-Up Registry, and US
T1D Exchange. Data collected in these registries were both
prospective and retrospective (pre-enrollment). The authors
found that the same five trajectories of glycemic control (i.e.,
low stable, intermediate stable, high stable, target increase,
and high increase) occurred across all registries, with pat-
terns emerging in the new-onset period and persisting out
to 10 years post-diagnosis. Ethnic minorities were under-
represented in the low stable and intermediate stable tra-
jectories, and older youth were over-represented in the high
increase group, which was characterized by an above-target
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HbAlc at baseline and progressively increasing glycemia
[17]. Prahalad et al. [18] tracked HbA1c levels in 261 youth
(mean age 9.6 +4.0 years) with new-onset T1D in a single
center in the USA. Again, results suggested a median time
to nadir in youth HbAlc at about 5 months post-diagnosis
with progressively increasing levels out to 18 months post-
diagnosis. The researchers also noted associations between
youth demographics and their HbAlc nadir or trajectory like
the findings from Sherr et al. [16e¢]. Specifically, Prahalad
et al. [18] found that children under 6 years old had the high-
est HbA 1c nadir, the youth with public insurance showed a
faster rise in HbAlc than youth with private insurance, and
the youth from a minority background showed a faster rise in
HbA Ic than youth from a non-Hispanic White background.
Finally, the Treatment Adherence and Control in Kids: A
Longitudinal Evaluation (TACKLE-T1D) study [19e], a
smaller, prospective longitudinal cohort study, tracked
HbA 1c levels in one hundred six 5 to 9-year-olds with T1D
recruited from two pediatric diabetes clinics in the USA.
This study is unique because in addition to replicating previ-
ous findings demonstrating overall increasing HbA ¢ levels
in children across the new-onset period, researchers identi-
fied four distinct trajectories of HbAlc in children, namely,
low and high stable and intermediate and high increasing
HbA 1c trajectories. Further, this study collected psychoso-
cial data from parents at baseline and, in a series of logistic
regressions, determined that, compared to a low stable tra-
jectory, increasing parent-reported hypoglycemia fear was
associated with decreased odds of children following a high
stable or intermediate increasing trajectory, while increas-
ing parent-reported diabetes-specific conflict was associated
with increased odds of children following a high stable or
intermediate increasing HbA 1c trajectory. While the results
of this small prospective, cohort study will require replica-
tion in a larger sample of families, at this preliminary stage,
they suggest that in the new-onset period, families may
experience heightened hypoglycemia fear especially if their
child’s HbAlc levels appear within target. These results also
identify diabetes-specific family conflict as a possible early
risk factor for suboptimal child HbAlc levels [19e].

Preservation of Residual 3-Cell Function

Partial remission (aka, Honeymoon) is a period character-
ized by near-normal glucose levels and low insulin dose
requirements theoretically due to -cell preservation, endog-
enous insulin production, and reduced peripheral insulin
resistance [8]. Indeed, data from a prospective observational
study of persons of varying ages and with varying durations
of T1D suggest that one-third of persons experience func-
tional insulin secretion for 3 years or greater post-diagnosis,
although persons diagnosed in adulthood may demonstrate
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C-peptide production with greater frequency and at higher
levels than persons diagnosed in childhood [20]. There are
several recent studies that demonstrate potential long-term
benefits to preserving residual p-cell function in persons
with T1D. For instance, Rickels et al. [21] demonstrated that
among adults with T1D, those with detectable C-peptide lev-
els on a mixed meal tolerance test demonstrated functional
B-cell responses to hyperglycemia and a-cell responses to
hypoglycemia, while those with the highest C-peptide levels
demonstrated lower mean glucose and higher time in range.
Similarly, in a recent re-analysis of data from the DCCT/
EDIC clinical trial, researchers found evidence of an asso-
ciation between preserved residual B-cell function and clini-
cally significant, long-lasting reductions in the incidence of
severe hypoglycemic events [22].

Considering the potential value of preserving endog-
enous insulin production, researchers have tested multiple
immune modulating therapies to preserve residual p-cell
function in randomized controlled trials, either in persons
at risk for T1D or in persons with new-onset T1D. To target
persons at risk for T1D, in a large randomized controlled
trial, researchers recruited first- and second-degree relatives
of persons with T1D (median age at enrollment=_8.2 years
[IQR: 5.7-12.1 years]) and compared oral insulin therapy
to a placebo [23]. While the overall results of the trial sug-
gested no beneficial effects of oral insulin therapy, secondary
analyses suggested a significant protective effect in the use
of oral insulin therapy among persons with mIAA autoanti-
bodies [23]. For persons with new-onset T1D, the results of
an open-label randomized, controlled trial comparing tepli-
zumab at the time of diagnosis to a placebo demonstrated a
slower decline of p-cell function among persons receiving
the teplizumab at both 2 and 7 years post-diagnosis [24,
25]. Similarly, in a 2-year, three-arm randomized, double-
blind, placebo-controlled trial, comparing low-dose murine
anti-thymocyte globulin (ATG) alone and low-dose ATG
plus granulocyte colony-stimulating factor (ATG/GCSF) to a
placebo in 89 youth with new-onset T1D [26e, 27], research-
ers found that at both 1 and 2 years post-diagnosis, the youth
receiving low-dose ATG had a slower decline of p-cell loss
compared to placebo and youth in both the low-dose ATG
alone and ATG/GCSF groups had lower HbA 1c levels than
youth in the placebo group, suggesting that they experienced
a longer partial remission period [26e, 27].

In addition to studying immune modulating therapies, a
few recent clinical studies have explored other strategies.
For instance, in a prospective observational study, research-
ers studied the beneficial impact of physical activity [28e].
This study included 125 youth, 54 of whom the researchers
identified as physically active based on International Society
of Pediatric and Adolescent Diabetes guidelines [29]. At
the end of 2 years, the data demonstrated that the physically
active youth had lower HbA lc levels and lower daily insulin

requirements than their less active counterparts, suggesting
that the physical activity could also help to prolong partial
remission time and/or increase insulin sensitivity [28e]. In
a single-center pilot study, researchers tested the effect of
probiotic supplementation in youth with new-onset T1D
[30]. This trial recruited 90 youth (ages 2—12 years) and
randomized them to receive either a high dose multi-strain
probiotic plus standard diabetes treatment (intervention) or
standard diabetes treatment only (control). After 3 months
of treatment, researchers found that the youth in the inter-
vention arm experienced a greater reduction in daily insulin
requirements (0.3 U/Kg/day versus 0.1 U/Kg/day) than the
youth in the control group. Moreover, they determined that
the number of children who achieved partial remission over
the study period was more than three times higher for the
intervention group compared to the control group (26.6%
versus 8.8%) [30]. Finally, in a randomized clinical trial,
researchers explored whether tighter glycemic control during
the new-onset period of T1D could help to preserve residual
B-cell function [31]. This trial randomized 68 youth with
new-onset T1D (mean age 13.3 +5.7 years) to either sensor-
augmented insulin pump therapy (SAP) or usual care. While
the overall trial results revealed no differences in C-peptide
levels and HbAlc for youth receiving SAP versus usual
care at 1 year post-diagnosis [31], in follow-up sensitiv-
ity analyses, researchers discovered a significance differ-
ence in HbAlc levels at both 1 and 2 years post-diagnosis
among youth with more frequent SAP use compared to less
frequent SAP use. There are at least two ongoing clinical
trials registered in ClinicalTrials.gov (NCT04233034 and
NCT02871089) that are evaluating the effect of tight glyce-
mic control during the new-onset period on preservation of
endogenous insulin production, which may provide a differ-
ent route of treatment.

In sum, several trials have offered promising results sug-
gesting that immune modulating therapies and other strate-
gies may help to improve children’s medical outcomes in the
new-onset period. However, a notable gap in these trials is
an examination of whether these treatments also offer any
psychosocial benefits. Because the youth in partial remis-
sion tend to experience more optimal glycemic levels with
reduced self-care burden, it is possible that there could be
secondary psychosocial benefits for some of these treat-
ments, including reduced diabetes distress, hypoglycemia
fear, and diabetes-specific family conflict. In contrast, for
treatments that require greater attention to diabetes self-care
and maintenance of tighter glycemic control in the new-
onset period, it is possible that families might experience
higher levels of distress, fear, and conflict. Therefore, as an
important next step, we need future clinical trials to include
an assessment of families’ psychosocial outcomes so that it
may be possible to obtain a more comprehensive understand-
ing of treatment impacts in the new-onset period of T1D.
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DKA at Time of Diagnosis

There is evidence that between 28 and 47% of youth with
new-onset T1D present in DKA at the time of diagnosis
[32-34] and potentially even higher frequencies in some
populations in the time of the SARS CoV-2 pandemic [35,
36]. This is alarming because DKA at the time of diagno-
sis associates with persistently higher HbAlc levels and a
greater rate of change (trending toward less optimal levels)
in HbAIc in youth, even when controlling for sociodemo-
graphic factors and continuous glucose monitor (CGM)
use [32, 37, 38]. However, several recent studies have also
looked to see if there are neurocognitive sequalae asso-
ciated with DKA at the time of diagnosis. For instance,
in a recent large, prospective study of children with T1D
(ages 4-10 years old), researchers found that children with
moderate/severe DKA at diagnosis had a lower full-scale
1Q (Cohen’s d= —0.47) and lower measures of memory
(d= —0.41) and attention (d= — 0.52) than children with
no/mild DKA at diagnosis [39]. A large, cross-sectional
study recruiting 392 children with DKA at diagnosis and
comparing them to 376 children with T1D and no history
of DKA found a deficit for item-color recall (= —0.08,
p=0.04) in children with DKA at diagnosis [40]. Like-
wise, a smaller cross-sectional study that included sib-
lings without T1D as controls found a deficit for spatial
memory (d=0.64, p=0.01) in children with DKA at time
of diagnosis [41]. Overall, the results suggest DKA at
diagnosis is a risk factor for suboptimal HbAlc levels in
youth and could be a risk factor for neurocognitive prob-
lems in youth, though there is a need for more research
in this area. In addition, future research should consider
including family psychosocial measures as covariates in
updated models relating DKA at the time of diagnosis to
future HbAlc levels and trajectories in youth. It may also
be important to include psychosocial measures in future
neurocognitive studies, as it is possible that the families
of children experiencing negative neurocognitive effects
of DKA at diagnosis could be vulnerable to symptoms of
depression or anxiety which could also impact their health
and well-being.

Diabetes Education

To date, consensus guidelines influence the typical con-
tent of new-onset diabetes education, and there remains a
gap in knowledge regarding the overall efficacy of new-
onset diabetes education or the specific components of
new-onset diabetes education (e.g., content, presentation
style, or mode of delivery) that predict HbAlc levels in
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the new-onset period. However, recently researchers have
explored ways to innovate diabetes education through dif-
ferent delivery approaches. For instance, within the last
5 years, two studies have added to the growing body of
evidence suggesting that it is feasible to deliver new-onset
T1D education in the outpatient setting without compro-
mising children’s glycemic levels [42, 43]. Additionally,
one small clinical trial examined the feasibility and initial
effectiveness of web-based delivery of new-onset T1D
education [44]. The trial included 16 parent-youth dyads
recruited from a single center within 48 h of diagnosis.
Half of parent-youth dyads received standard group-
based diabetes education, and half of parent-youth dyads
received the web-based program. The results showed that
parent-youth dyads in both groups demonstrated a sta-
tistically significant change in diabetes knowledge after
education, suggesting initial effectiveness for the web-
based education program [44]. Undeniably, the transition
of new-onset diabetes education to more natural settings
such as families’ homes should remain a central focus of
research going forward due to changes in health care reim-
bursement in the USA and recent impacts from the SARS
CoV-2 pandemic. However, the impact of different edu-
cational approaches on families’ psychosocial outcomes
is currently unknown and should be a direction for future
research.

Treatment Approaches: Advanced
Technologies and Remote Patient
Monitoring

In recent studies, there is emerging evidence that early ini-
tiation of an insulin pump or CGM may help to improve
HbA1c levels [45-47] and decrease parents’ use of hypo-
glycemia avoidance behaviors [48] in youth with new-onset
T1D. Thus, the 4 T Program: Teamwork, Targets, Technol-
ogy, and Tight Control [49, 50ee] may offer a way to inno-
vate diabetes treatment in the new-onset period. In the 4 T
Program, youth with new-onset T1D initiate CGM within
the first of month of diabetes. Then, following CGM start,
families participate in frequent follow-up visits with their
diabetes team via telephone calls and telehealth to review
their glucose data, receive insulin dose adjustments, and, if
needed, receive psychotherapy for symptoms of distress or
depression up to 12 months post-diagnosis. In a pilot study
that included 135 youth with new-onset T1D, research-
ers found that HbAlc levels in their 4 T participants were
0.54%, 0.52%, and 0.58% lower than historical controls at
6, 9, and 12 months post-diagnosis, respectively. They also
found that between 4 and 12 months post-diagnosis, youth
in 4 T experienced a lower average rise in HbA1lc compared
to historical controls (1.32% vs 1.47%) and that at 12 months
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post-diagnosis, a greater percentage of youth in 4 T met a
HbAlc target <7.5% compared to historical controls (66%
versus 43%, respectively) [SOee]. Finally, there was initial
evidence of high acceptability for starting CGM close to the
time of diagnosis among parents [51]. In short, these results
suggest that early CGM initiation and the 4 T model of fre-
quent follow-up, tailored education and psychotherapy, and
tight glycemic targets may help youth to achieve more opti-
mal glucose levels in the new-onset period. In the future, it
will also be interesting to learn how successful this approach
was with respect to meeting families’ psychosocial needs in
the new-onset period.

Psychosocial Well-being in the New-Onset
Period

Although there is an established body of literature examin-
ing the psychosocial functioning of families of youth with
T1D in the new-onset period, many of these studies were
published a decade ago or more, and daily diabetes treat-
ment has changed with the addition of new insulin analogs
exhibiting different onset/duration of action, and with the
widespread uptake of insulin pumps, CGM, and hybrid
closed loop insulin delivery systems in youth. Thus, new
studies provide an important update to this literature and
the opportunity to observe how youth and families may be
adjusting in the new-onset period of T1D given these recent
advances in therapy. In a recent prospective, longitudinal
study of 54 adolescents with new-onset T1D, McGill et al.
[52] found that 17% had elevated depressive symptoms at
1 month post-diagnosis, which is comparable to rates for
youth with established T1D and higher than rates in youth
without T1D [53]. Moreover, this study found that youth
reporting elevated depressive symptoms at 1 month post-
diagnosis had a higher risk of reporting elevated depres-
sive symptoms at 6 and 12 months post-diagnosis and had a
higher HbAlc level at 6 months post-diagnosis than youth
who did not report elevated depressive symptoms at 1 month
post-diagnosis.

The TACKLE-T1D study prospectively examined
the psychosocial functioning of families of children who
were diagnosed with T1D between 5 and 9 years old. The
researchers conducting TACKLE-T1D targeted families of 5
to 9-year-olds with new-onset T1D specifically because this
age group has the second highest incidence rate of T1D [54].
Additionally, because existing studies often excluded these
families, there was limited information available regarding
their psychosocial functioning and adjustment in the new-
onset period of T1D. Researchers recruited 128 families
from two pediatric diabetes centers in the USA and followed
them for up to 30 months conducting study assessments
every 3 months. In a series of separate reports, researchers

revealed that 26% of parents reported elevated depressive
symptoms at baseline (~4.6 months post-diagnosis) and
19% reported elevated depressive symptoms 12 months later
[55]. Additionally, compared to parents who did not report
elevated depressive symptoms at baseline, parents reporting
elevated depressive symptoms had higher levels of hypogly-
cemia worry up to 18 months post baseline [56] and higher
levels of diabetes distress up to 24 months post baseline [57],
suggesting that early parent depressive symptoms could be a
risk factor for on-going challenges with adjustment. Interest-
ingly, in this same sample, researchers looked at the occur-
rence of stressful life events in the first 16 months of T1D
[58]. They found that more than half of families reported
the occurrence of at least one stressful life event, such as
income changes, job or school changes, additional family
health changes, or changes in parents’ marital status in addi-
tion to their child’s diabetes diagnosis. Further, they found
significant associations between stressful life events and
parents’ baseline depressive symptoms (r=0.197, p <0.05),
perceptions of family conflict (r=0.225, p <0.01), and use
suboptimal coping strategies (r=0.239, p <0.01), suggest-
ing that parental psychosocial difficulties at diagnosis could
also increase risk for general life stressors in the new-onset
period.

Finally, the results of one small mixed methods study are
noteworthy because this study found that parents of children
with new-onset T1D want to receive assistance in managing
symptoms of anxiety, depression, and diabetes distress as
part of new-onset diabetes education as well as learn strate-
gies to reduce the impact of diabetes burn-out after 6 months
post-diagnosis [59].

Limitations

Our goal in this review was to synthesize the findings of
recent studies of families of youth newly diagnosed with
T1D to inform our understanding of the psychosocial needs
of this patient group. A priori, we chose to focus primarily
on studies published within the last 5 to 10 years to enhance
the relevance and timeliness of our review, although we
include a few older studies to provide context. Nonetheless,
we recognize that this tightly focused publication window
may have excluded some other relevant studies. We recog-
nize that our review may be limited because some recent
studies in youth with new-onset T1D had limited racial/
ethnic diversity and/or limited socioeconomic diversity.
We recognize that our review may be limited because some
recent studies in youth with new-onset T1D used cross-sec-
tional or retrospective designs. Finally, we recognize that our
review may be limited because many recent studies in youth
with new-onset T1D did not specifically report on family
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psychosocial outcomes, leading us to identify that this as an
important gap to fill in future research.

Conclusions

The new-onset period of T1D is an important period for
research and clinical intervention. Based on the results of
studies reviewed here, youth with T1D experience estab-
lished HbAlc trajectories in the new-onset period that per-
sist for up to a decade beyond diagnosis [16ee, 60]. Moreo-
ver, the occurrence of DKA at diagnosis can present as a
risk factor for less optimal glycemic levels [32, 37, 38] and
neurocognitive problems in youth [39—41]. While there are
a few promising new immune modulating therapies to pre-
serve (-cell functioning and improve HbA1c levels in youth
with new-onset T1D, to date, the scope of these trials has
not included family psychosocial variables [24, 25, 26e, 27].
Likewise, we have limited information exploring the psy-
chosocial experiences of families who attempt to preserve
B-cell function by maintaining very tight glycemic targets in
the new-onset period [31, 61]. Therefore, to address these
gaps, we need future clinical trials to include families’ psy-
chosocial variables when testing therapies for youth with
new-onset T1D.

We also need future studies to assess for families’ psy-
chosocial outcomes when piloting new diabetes education
programs and testing new behavioral treatments in the new-
onset period as these studies could directly inform standard
of care. For instance, it would be important to find out how
different implementation strategies for new-onset diabetes
education might relate to families’ psychosocial adjustment
and whether there is an implementation strategy that predicts
both optimal glycemic levels and quality of life. In relation
to increasing uptake of insulin pumps and CGM in youth
with new-onset T1D, we need studies exploring the psycho-
social effects of these devices as well as the efficacy of new
adjunctive therapies to promote optimal use.

Finally, existing research demonstrates that the new-onset
period of T1D is dynamic, suggesting a cross-sectional
design may not be sufficient. Also, some of variables that
might relate to families’ early psychosocial adjustment,
such as DKA at diagnosis, pre-existing depression/anxiety,
and additional life stressors, would be difficult to study in a
clinical trial. Thus, to continue to expand our understand-
ing of the psychosocial needs of families in the new-onset
period, we require well-designed, longitudinal observational
studies that include families from diverse backgrounds and
incorporate relevant biomarkers (e.g., C-peptide), and con-
sider differences in child age and developmental status that
might impact families’ psychosocial needs. Indeed, data on
the psychosocial adjustment and functioning of families for
all research in the new-onset period are essential to inform
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clinical management and standard of care guidelines and
improve outcomes.
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