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Abstract

Background Diagnosis of children with type 1 diabetes (T1D) imposes an unprecedented burden on children and
their caregivers.

Objective To assess the burden of T1D on children and their informal caregivers, both after a recent diagnosis or after
a longer duration of disease.

Methods A series of systematic literature reviews were performed to explore the burden of T1D on children with the
disease and their primary informal caregivers, based on the time of diagnosis. After the extraction of the qualitative
and quantitative data from the included studies, two literature-based conceptual frameworks were developed: on the
burden of pediatric T1D on children, and on informal caregivers. A third conceptual framework on the shared burden
of pediatric T1D on both children and informal caregivers as part of the same family unit was also developed.

Results The review of literature has identified a series of factors that affect the quality of life of children with T1D
and their informal caregivers, with a direct impact on physical, emotional, and social outcomes. Generally, female
patients and older adolescents experience more worry and stress that affects their quality of life. Other categories of
factors affecting the child’s and caregiver's burden include social, emotional, and physical factors, treatment-related
and disease-related factors, as well as their coping abilities. Anxiety, depression, stress, and worry were commonly
found among children and caregivers, starting with the diagnosis of T1D and continuing over time in relation to new
challenges pertaining to aging or the disease duration.

Conclusion T1D causes a significant burden to affected children and their caregivers, both independently and
through transactional interaction within the family unit. Disease burden can be reduced by strengthening individuals
for the benefit of the whole family.

Keywords Type 1 diabetes, Informal caregiver, Humanistic burden, Systematic literature review, Conceptual
framework
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Background

T1D is a chronic disease that is incurable and needs
nearly permanent attention due to frequent injections
or dose adjustments, the use of devices to monitor
blood glucose, and different applications related to T1D
management [1]. Having a child diagnosed with type
1 diabetes (T1D) can have a major impact and lifelong
consequences on the affected individual and their family.
Moreover, T1D often leads to long-term complications
such as heart disease, chronic kidney disease, nerve dam-
age, vision and hearing problems, as well as mental health
problems [2]. T1D is associated with hyperglycemia and
a risk of hypoglycemia, a relatively common complica-
tion in children treated with an intensive insulin regimen.
Families of children with T1D strive to manage both
hypo and hyperglycemia, as both can negatively affect
the child’s cognitive skills [3]. In children, the episodes
of hypoglycemia associated with seizures require careful
monitoring to ensure that they are not adversely affect-
ing learning [4]. Finally, there is an economic impact on
the family caused by the child’s T1D diagnosis. This is
not only due to the direct costs of treatment but also to
the dietary and lifestyle changes and potential negative
impact on the caregiver’s professional life, that the family
must undergo.

People with T1D have been reported to score lower
across all health-related quality of life (QoL) measures
compared to their unaffected peers [5]. Additionally, peo-
ple with T1D, particularly children, require significant
caregiving. As T1D is a chronic disease with currently
no cure, immediate family members (e.g., parents in the
case of children with T1D) often provide informal care,
which is often associated with high levels of psychologi-
cal distress [6]. This is particularly significant in the early
period after diagnosis, as disease onset is often sudden
and unexpected [7]. Furthermore, the negative impact on
psychological health can sometimes be larger for family
members than for patients [8]. Psychological health chal-
lenges can therefore be considered contagious within the
family [8]. Parent-child interactions in the context of T1D
tend to be poor [9], and sharing the diabetes responsibil-
ity and diabetes-related family conflict contribute to the
burden on the whole family [10].

In this context, this review aimed to summarize the
available evidence on the humanistic burden of T1D
on children, adolescents, and young adults (aged 6 to
21 years old) and their informal caregivers as part of a
family unit [7]. Therefore, we conducted a series of sys-
tematic literature reviews (SLRs) to assess the burden of
T1D diagnosis on children and their informal caregiv-
ers, both after a recent diagnosis or after a longer dura-
tion of disease. Additionally, we focused on the elements
of distress that children with T1D and informal caregiv-
ers have in common to identify the shared burden in the
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context of the family unit. To our knowledge, this specific
review, which focused on the shared burden of children
and parents or other informal care providers when fac-
ing T1D adversity, is the first of this type in the published
literature.

Materials and methods

Conducting the systematic literature reviews

We performed a series of SLRs to explore the burden of
T1D on children with the disease and their primary care-
givers, based on the time of diagnosis (recently diagnosed
or a longer duration of disease). Informal caregivers were
defined as people who take care of children with T1D
without payment, which can be immediate and extended
family members, or other persons providing care volun-
tarily. The current review is focused on informal care-
givers and does not include professional caregivers or
healthcare providers. In our review, a recent diagnosis
was defined as a diagnosis of T1D made within three
months.

The World Health Organization considers children as
individuals who are younger than 18 years of age; ado-
lescents as individuals in the 10—19 years age group; and
youth as individuals in the 15-24 years age group [11].
The population of interest included children, adolescents,
and young adults between 6 and 21 years old and diag-
nosed with T1D. This age range was set to limit the het-
erogeneity of the included patients; children between 6
and 21 are generally in a relatively similar setting regard-
ing having a close relationship with parents and attend-
ing school. Children younger than 6 years of age can be
in a variety of settings (e.g., home, daycare, preschool),
and they also have more difficulty expressing their qual-
ity of life and answering questions independently. Simi-
larly, young adults older than 21 can be at university,
in the workforce, or both, and most likely have become
independent in managing their T1D. This 6-21 years age
range also allows us to investigate patients during a dif-
ficult period of glycemic control because, during puberty,
patients have increased pubertal hormone levels, which
requires more follow-up and higher doses of treatment
[12]. During puberty, adolescents also have behavioral
changes, where they become rebellious and tend to not
follow rules [13].

Study identification and eligibility criteria (see Addi-
tional File 1) were developed using the Population, Inter-
vention, Comparator, and Outcome (PICO) framework
as described by the Cochrane Handbook for Systematic
Reviews of Interventions [14]. Relevant publications
were identified by searching MEDLINE® and Embase via
OvidSP, and PsycINFO via EBSCOhost using predefined
search strategies (see Additional File 2). Abstracts from
relevant conferences were searched within the last two
years via Embase. Results for the review were reported
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according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines
[15].

Development of the literature-based conceptual
frameworks

In addition to the series of SLRs, two literature-based
conceptual frameworks were developed to illustrate the
humanistic burden of T1D on children and their caregiv-
ers: (i) a conceptual framework on the burden of pediat-
ric T1D on children, and (ii) a conceptual framework on
the burden of pediatric T1D on informal caregivers. For
the development of the conceptual frameworks, quanti-
tative and qualitative data from the included studies were
extracted.

A list of concepts from the extracted data was created,
and the number of studies that reported on each of the
concepts was counted. To make the conceptual frame-
works more explicit, the responses to T1D occurrence
were grouped under three main overarching themes
related to quality of life: emotional/mental response-
theme, physical response-theme, and social response-
theme, with various elements in each of them. The
decision to individualize these three themes is grounded
in the recognition of their importance and intercon-
nectedness to affect health and wellbeing [16] and the
implications they have for individuals and caregivers.
Emotional responses, such as stress and anxiety, involve
complex psychological processes and require specific
interventions to address mental well-being. Meanwhile,
social responses encompass interactions with others,
social support, and societal attitudes, which influence
social functioning and quality of life. Finally, physical
responses involve physiological effects, symptoms, and
medical management, necessitating interventions tai-
lored to symptom management and lifestyle modifica-
tions. These three domains are strongly related to each
other as excess stress may decrease social abilities, or a
decrease in physical health may be a source of stress and
social isolation. Most quality-of-life scales assess the
impact on physical, social, and emotional aspects. For
instance, SF-36 covers these themes with five subscales
and also includes pain, general health, and vitality that
were not selected in our project. By maintaining sepa-
rate categories for the three domains, healthcare profes-
sionals can conduct a more comprehensive assessment
of T1D burden and implement tailored interventions
that address the diverse needs of individuals and caregiv-
ers in each domain, ultimately improving outcomes and
enhancing overall well-being and self-confidence.

The next step was to identify the factors related to the
three main burden-response themes to T1D occurrence.
These factors were grouped into various categories: (i)
sociodemographic, (ii) physical, (iii) disease-related, (iv)
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treatment-related, (v) social consequences, (vi) coping
techniques, and (vii) emotional consequences. We also
counted the number of times each factor was mentioned
in the literature in relation to the three burden-response
themes.

Another conceptual framework was developed to bet-
ter understand the shared burden that pediatric T1D
occurrence has on both children and informal caregivers,
as part of the family unit. This shared conceptual frame-
work focused on the factors that were found among both
children with T1D and their caregivers.

It is worth mentioning that the developed frameworks
only included factors that affected the QoL of patients
and caregivers from the conducted SLRs. Moreover, these
associations do not suggest causality and the straight
lines within the graphic representations only show that
these factors had been found associated with the burden
due to T1D diagnosis.

Results

In this section, we first present the burden of T1D on
children who have been newly diagnosed within three
months and children with any duration of disease. Simi-
larly, we also describe the burden of T1D on parents/
informal caregivers of these children. The third part
describes the types of burden that are similar for children
and their caregivers.

Disease Burden in Children and Young adults with T1D
Two SLRs were conducted to describe the level of bur-
den in children and young adults who were recently
diagnosed and in those with T1D of any duration, respec-
tively. Five studies reported the burden of pediatric T1D
on children who were recently diagnosed with T1D,
while 76 studies reported the burden in children with any
duration of T1D (see the list of included studies in Addi-
tional File 3). We identified a wide variety of measures
that were used to assess the burden of disease, including
both quantitative and qualitative measures. A summary
of the findings is presented in Table 1.

The review of the literature has identified a series of
factors that affect the QoL of children, adolescents, and
young adults with T1D, with a direct impact on physical,
mental, and social outcomes. Elements associated with
the child’s burden were grouped into seven different cat-
egories that included each several specific factors (Fig. 1):
(i) Sociodemographic category includes the following
factors: age, gender, and school year; (ii) Physical cat-
egory includes factors such as general health and mobil-
ity; (iii) Disease-related category includes the impact of
disease, blood sugar testing frequency, and duration of
T1D; (iv) Treatment-related category includes factors
like treatment adherence, treatment barriers, and diabe-
tes management behavior; (v) Social category includes six
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Table 1 Summary of outcomes in studies that assess the burden of T1D on children

Tool

Measure

Main Findings

Pediatric Quality of
Life Inventory (Ped-
sQL4.0) [17,39-48]

Pediatric Quality of
Life Inventory (Ped-
sQL 3.0) [18-21, 24,
40,44, 47,49-65]

Diabetes Qual-

ity of Life for Youth
(DQOLY) [22, 23, 36,
66-70]

Children’s Depres-
sion Inventory (CDI)
[24-26,48, 54, 55,
72,73]

Self-Care Inventory-
Revised (SCI-R) [36,
57,62,69]

State-Trait Anxiety
Inventory for Chil-
dren (STAIC) [54, 62,
75,76]

Problem Areas in
Diabetes for Pediat-
rics (PAID-Peds) [53,
64,77]

Overall QOL (Physical
health, psychological
health)

Diabetes QoL (Diabetes

symptoms, treatment
barriers, treatment
adherence, worry,
communication)

Overall QoL (Impact
of diabetes, worry
about diabetes,
health perception, life
satisfaction)

Depression

Perceived adherence to

self-care regimen

State anxiety (at the
moment) and trait
anxiety (in general)

Burden related to
typical problems and
issues in diabetes
management

« Adolescents showed worse QoL than younger children.

« Gender was a significant predictor of overall QolL, with boys experiencing better QoL.
« School functioning was better for boys.

« Adolescent girls experienced worse QoL as they grew older.

« Adolescents experienced worse QolL.

- Gender was a predictor, with girls having worse QoL than boys.

- Patients with more depressive symptoms showed worse scores and worse QolL.
« Acceptance of diagnosis and adherence to therapy led to better QoL.

- Patients using CSI experienced better QoL than patients using MDI.

- Patients using primary control coping methods showed better QoL.

« Boys experienced better Qol than girls, in general.

- Girls experienced more worry and reported lower self-rated health.

« Adolescents experienced worse QoL when compared to younger patients.

- Patients who desire to decrease their weight experienced worse QolL.

- Patients who accept their diagnosis and integrate diabetes within their self-identity have better QoL
and greater life satisfaction.

Recently diagnosed patients [71]

« Children (10 years and older) diabetes-related worries decreased over the first 9 months of diagnosis.
« Impact of diabetes and satisfaction of life score showed an improvement in patients over the 9
months of diagnosis.

« More female patients experienced depression than male patients.

« Adolescents experienced more depression than younger children.

Recently diagnosed patients [74]

« Children (age 8-13) showed elevated levels of depression at diagnosis which significantly decreased
12 montbhs after diagnosis.

« Children who accept their diabetes diagnosis and integrate within their self-identity were more
confident and showed better self-care.

- Patients who use an insulin pump showed better self-care than patients who use injectables.

- Patients who had a high acceptance of the diagnosis and high adherence to treatment showed
better self-care.

- Patients had moderate state and trait anxiety.

- Patients with moderate to severe depression showed a higher burden.

- Patients with high resilience showed lower burden levels.

- Issues that were experienced most by patients included friends or family not understanding the
difficulty of diabetes, friends or family acting like a “diabetes police’, worrying about the future and
complications, and experiencing interference in having fun with friends.

Results were obtained from studies reporting the burden of T1D on children recently diagnosed (<3 months) and studies at any duration of disease. CSlI: Continuous

Subcutaneous Insulin Infusion; MDI: Multiple Daily Injections; QOL: Quality of Life

factors: function at school, communication, friends and
family, psychosocial aspect, social support, pro-social
behavior, and stigma; (vi) the category of coping abili-
ties includes a few essential factors: acceptance, strength,
adapting, and normalizing; finally, (vii) the overarching
category of emotional consequences includes diabetes-
specific self-esteem and self-confidence-related factors.

These seven categories of factors have an impact on the
child in the context of T1D. The overall impact on the
child (or patient response) was further categorized into
three types of expression: emotional response, physical
response, and social response.

Some of the above factors are specific to newly diag-
nosed children (Fig. 1 - blue color), including the par-
ent’s economic status, social withdrawal, and disruptive
behavior, while other factors are specific to children

who have been diagnosed with T1D for at least three
months (Fig. 1- black color), such as diabetes-specific
self-esteem, acceptance, impact of disease, and treatment
adherence. Additionally, other factors were reported by
children with any duration of T1D (i.e., both recently
diagnosed and after three months of diagnosis), indicat-
ing that these factors could be experienced throughout
the patient’s journey with T1D (Fig. 1- green color).

Disease Burden in Informal caregivers of children with T1D
Two SLRs were conducted to describe the level of burden
in caregivers of children who were recently diagnosed
and in caregivers of children with T1D of any duration,
respectively. Five studies reported the burden on care-
givers of children with recently diagnosed T1D, while
51 studies reported the level of burden on caregivers



Allen et al. Diabetology & Metabolic Syndrome

Sociodemographic Factors
- Children's gender (boy or girl) (n = 18)
- Children's age (n = 15)
- Ethnicity (n = 2)
- School year (n = 2)
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Physical Factors
- General health (n = 3)
- Mobility (n = 1)
- Hyperactivity (n = 1)
- Vitality (n = 1)
- Developmental disorders (n = 1)

Social Factors
- School (n =12)
- Communication (n = 9)
- Friends and/or family (n = 10)
- Social support (n = 3)
- Pro-social behavior (n = 2)
- Stigma (n = 2)
- Social withdrawal (n = 1)

Treatment-related Factors
- Self-management (n = 10)
- Treatment adherence (n = 7)
- Treatment barriers (n = 7)
- Diabetes management behavior (n = 2)
- Treatment satisfaction (n = 2)
- Organizing care (n = 2)
- Adherence to meal plan (n = 2)
- Impact of treatment (n = 1)
- CSllvs MDI (n=1)
- Diabetes care activities (n = 1)
- Interaction with health-care team (n = 1)
- Regimen pain (n = 1)
- Finding balance with food, insulin, and
exercise (n = 1)
- Home-based diabetes education (n = 1)

Patient Response

Emotional Response
- Worry (n = 20)
- Depression (n = 18)

Anxiety (n = 12)
- Emotional well-being (n = 8)
- Satisfaction with life (n = 6)
- Distress (n = 5)
- Sadness (n = 3)
- Diabetes-specific distress (n = 3)
- Feeling overwhelmed (n = 2)
-Anger (n=1)
- Feeling discouraged (n = 1)
- Feeling blamed (n = 1)

- Feeling embarrassed about diabetes (n = 1)

- Mental health (n = 1)
-PTSD(n=1)

- Feeling different (n = 1)

- Attention problems (n = 1)

Physical Response

- Physical well-being (n = 13)
- Health perception (n = 6)

- Eating disorders (n = 3)

- Sleeping problems (n = 2)

- Perceived pain (n = 2)

- Fatigue (n=1)

- Reduced appetite (n = 1)

- Somatic concerns (n = 1)

Social Response

- Social function (n = 7)

- Diabetes-related family conflict (n = 5)
- Peer stress (n = 3)

- Social constraints (n = 2)

- Loneliness / Social withdrawal (n = 2)
- Collaboration with parentst (n = 1)

- Adverse inter-personal effects (n = 1)
- Social stress (n = 1)

Emotional Factors
- Diabetes-specific self-esteem (n = 3)
- Self-confidence (n = 2)

- Conduct problems (n = 2)
- Cognitive function (n = 1)
- Mood (n=1)

- Self-deprecation, Pessimism, Anhedonia,
Misbehavior, Self-hate, Suicidal ideation,
Crying spells, Irritability, Indecisiveness,
Negative self-image, feeling unloved,
disobedience, fighting (n = 1)

- Oppositional defiant disorder (n = 1)

- Self efficacy (n = 1)

- Negative affect (n = 1)

%;sychosocial strengths and difficulties (n =

- Externalizing behaviors (disruptive
behaviors; n = 1)

Coping Abilities
- Acceptance (n = 4)
- Strength (n = 2)
- Adapting (n = 2)
- Normalizing (n = 2)
- Diabetes problem solving (n = 1)
- Coping behaviours (n = 1)
- Denial (n=1)
- Resilience (n = 1)
- Showing responsibility (n = 1)
- Concealing signs of diabetes (n = 1)
- Developing diabetes autonomy (n = 1)

Disease-related Factors
- Impact of disease (n = 8)
- Diabetes symptoms (n = 5)
- Blood sugar testing frequency (n = 3)
- Duration of T1DM (n = 2)
:];:eeling failing with diabetes routine (n =

Fig. 1 Literature-based conceptual framework on burden of T1D on children
Elements in blue-colored font were found only in children who were recently diagnosed with T1D; elements in black-colored font were found only in
children with T1D for at least three months; elements in green-colored font were found in children with T1D of any duration (both recently diagnosed

and after three months of diagnosis

of children with any duration of disease (see the list of
included studies in Additional File 3). Table 2 summa-
rizes the main outcomes found in the included studies.
The review of the literature has identified a series of
factors that affect the QoL of informal caregivers of chil-
dren with T1D, with a direct impact on physical, emo-
tional, and social outcomes. The challenges identified
for the caregivers of children with T1D were associated
with a certain number of factors that have been classified
into six different categories (Fig. 2): (i) Category of social
factors such as social support, work-related problems,
financial burden, striving for child’s independence, and
isolation; (ii) Coping abilities-related factors included
adapting to T1D, looking for normality, sacrifice, adapta-
tion process to T1D, and parental strategies; (iii) the cat-
egory of emotional factors included psychological health
and self-confidence; (iv) Disease-related factors such as
information about the disease and nocturnal measures
also impacted the burden of caregivers; (v) Socio-demo-
graphic category included the parental role and patient
age; and (vi) the category of treatment-related factors
included relationship with professional health-care

providers and using remote monitoring and diabetes
technologies.

These six categories of factors have an impact on the
caregiver’s social, physical, and emotional outcomes in
the context of T1D. The way caregivers respond to bur-
den also varied according to the duration since diagnosis.
Caregivers experience more anxiety, stress, depression,
fear of hypoglycemia, physical health problems, and
problems with social functioning regardless of whether
their child was recently diagnosed, indicating that poten-
tially these impacts could be experienced throughout the
caregiver journey with T1D. Additionally, caregivers of
recently diagnosed children with T1D further experience
worriedness, guilt, self-blame, dissatisfaction, mental
distress, and a decrease in sleep quality. An overview of
the literature-based conceptual framework, including the
number of reporting studies per element, is depicted in
Fig. 2.
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Table 2 Summary of outcomes from included studies reporting the burden of pediatric T1D on informal caregivers

Tool Measure Main Findings

Hypoglycemia Fear
Survey for Parents
(HFS-P) [78-81]

Fear of hypoglyce-
mia in parents of
children with T1D

+ Mothers showed higher HFS-P total scores and higher Worry subscale scores than fathers.
- Parents of children younger than 12 years showed higher levels of fear of hypoglycemia when com-
pared to parents of children 12 years or older.

« Parents who reviewed their child’s blood glucose regularly had higher levels of fear of hypoglycemia.
« Parents of children receiving CSlI reported significantly reduced fear of hypoglycemia at 6 months
follow-up when compared to the MDI group.

Recently diagnosed children [82]

- At diagnosis, caregivers of children aged 11 or younger had elevated levels of fear, and it decreased

over time.

« Parents using Parent Education Through Simulation-Diabetes had higher levels of fear.

Center for Epide-
miological Studies—
Depression Scale
(CES-D) [55, 83-86]
Problem Areas in
Diabetes Survey-
Parents (PAID) [83,

Depression

Diabetes-specific
emotional distress
in parents of youth

- Parents did not experience clinical depression.

« Parents, family members, or other informal caregivers of patients attending team clinical visits and those
attending regular face-to-face visits did not show any significant changes in the CES-D scores over time
and they all did not experience clinical depressive disorder.

« Parents who use CGM showed lower emotional distress than parents who do not use technology.

- Parents of patients with elevated risk of future complications showed the highest level of family conflict.
- Family conflict is representative of the quality of parent-child relations, which is also predictive of

« There was a decrease in family conflict in families using the Diabetes Learning Family Intervention

87-91] withT1D

Diabetes Family Family conflict

Conflict Scale (DFCS) around diabetes

[55,92-94] management glycemic control.
(DEFLIN).

State-Trait Anxiety

Inventory (STA) [80,
83, 85, 86, 95, 96]
Parenting Stress
Index (PSI) [97]

moment) and trait
anxiety (in general)
Distress associated
with the parental
role

Zarit Burden Inter-
view (ZBI) [98, 99]

The subjective psy-
chological burden
associated with
providing care to a
child withT1D
Depression Anxiety

and Stress Scale
(DASS) [100-102]

and stress and depression over time.

Intervention (DEFLIN).

State anxiety (at the - Mothers showed higher levels of state and trait anxiety, as well as overall anxiety.
- Parents experienced more anxiety than their children.

- Parents of adolescents (13-18 years) had higher levels of distress when compared with parents of
younger children (8-12 years).

- Most parents reported experiencing moderate subjective burden.

Depression, anxiety, - Parents receiving stress management education experienced a decrease in the levels of stress, anxiety,

- There was a decrease in stress, anxiety, and depression in parents using the Diabetes Learning Family

Results were obtained from studies reporting the burden of T1D on caregivers of children recently diagnosed (less than 3 months) and studies at any duration of
disease. CSII: Continuous Subcutaneous Insulin Infusion; MDI: Multiple Daily Injections; QOL: Quality of Life

Common burden related to diagnosis of T1D, shared by
children and informal caregivers as part of the family unit
Based on the four SLRs on the burden of T1D in chil-
dren and caregivers, we described the burden of T1D
that is common for both children and caregivers as part
of a family unit. These common challenges, presented in
Figs. 1 and 2, are unique, as they develop in the context
of a dynamic relationship between child and caregiver,
which makes them amenable to specific interventions
using the transactional interaction between members of a
family. The conceptual framework showing the common
burden on children and caregivers, further categorized
into mental, emotional, and physical burden, and the
related factors, is presented in Fig. 3.

Factors associated with the development of a com-
mon burden have been grouped into 5 categories: socio-
demographic factors, treatment-related factors, social

factors, psychological factors, and coping skills. Chil-
dren’s age affects how both caregivers and children expe-
rience burden, shortly after diagnosis and any time after.
The category of treatment-related factors includes edu-
cation on the treatment method shortly after diagnosis,
while the relationship with the team of healthcare pro-
viders, treatment adherence, the insulin administration
method, barriers to the treatment, and dietary problems
were reported in studies looking at the consequences of
T1D any time after diagnosis. Family support and social
support as well as stigma affected the common burden
regardless of the disease duration. Emotional factors
include resilience, which affected children and caregiv-
ers in both recent diagnosis of T1D and after, while self-
confidence and negative cognition were reported in the
context of a recent diagnosis only. Additionally, common
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Coping Abilities
- Adapting to T1D (n = 12)
- Looking for normality (n = 5)
- Sacrifice (n = 3)

Sociodemographic Factors
- Parent role: father or mother (n = 16)
- Patient age (n = 8)

Emotional Factors
- Psychological health (n = 3)
- Confidence (n = 2)
- Externalizing/Internalizing problems (n = 1)

- Parental strategies (n = 2)

- Ways of coping: Confrontative, distancing, self-controlling,
accepting responsibility, escape, avoidance, problem solving,
positive reappraisal (n = 1)

- Spirituality and religiousness (n = 1)
- Emotional needs (n = 1)

- Negative cognition (n = 1)

- Emotional support (n = 1)

- Vigilance (n = 1)

Social Factors
- Family relations (n = 16)
- Social/peer support (n = 12)

- Autonomy and self efficacy (n = 2)

- Isolation (n = 2)

- Relationship with insurance (n = 1)

- Loneliness (n = 1)

- Daily activities (n = 1)

- Time restrictions (n = 1)

- Stigma (n=1)

- Restriction of freedom (n = 1)

- Parents relationship maintenance (n = 1)

- Cultural preference about food choices (n = 1)
- Food insecurity and less food flexibility (n = 1)
- Food related problems (n = 1)

- Social relationships (n = 1)

- Prosocial behavior (n = 1)

- Social integration (n = 1)

- Social kin (n=1)

- Social restriction (n = 1)

Caregiver Response
Caregiver Emotional Response
- Anxiety (n = 24)
- Stress (n = 20)
- Depression (n = 16)
- Hypoglycemia fear (n = 11)

- Work-related/Employment (n = 7) -Worry (n = 11) - Information and knowledge (n = 14)
- Financial problems/budgeting (n = 6) - Guilt or self blame (n = 4) - Nocturnal measures (n = 3)
- Striving for child's independence (n = 3) - Satisfaction (n = 3) - Understanding the diagnosis (n = 1)

- Mental health (n = 3)

- Disappointment (n = 1)

-PTSD (n=1)

- Emotional function (n = 1)

| ——- Emotional symptoms (n = 1)

- Perceived emotional state (n = 1)
- Emotional involvement (n = 1)

Caregiver Physical Response

- Sleep quality (n = 6)

- Physical health (n = 5)

- Perceived physical state (n = 1)
- Physical problems (n = 1)

- Fatigue (n=1)

Caregiver Social Response
- Social functioning (n = 2)

- Parental resilience (n = 1)
- Parental self-efficacy (n = 1)
- Parental threat appraisal (n = 1)

Disease-related Factors

- Length of hospital stay (n = 1)

/— Patient compliance (n = 1)

Treatment-related Factors

- Relationship with professional health care
providers (n = 6)

\ - Remote monitoring (n = 4)

- Using CGM (n =4)

- Using CSIl (n=4)

- Diabetes technology (n = 3)

- Problems with diabetes technologies (n = 2)
- Adherence to treatment (n = 1)

- Regimen responsibility (n = 1)

- Technical skills (n = 1)

- Obstacles to care (n = 1)

- Parent education through simulation (n = 1)
- Parental one-to-one education (n = 1)

Fig. 2 Literature-based conceptual framework on burden of pediatric T1D on informal caregivers
Elements in blue-colored font were found only in caregivers of children who were recently diagnosed with T1D; elements in black-colored font were
found only in caregivers of children with T1D for at least three months; elements in green-colored font were found in caregivers of children with T1D of

any duration (both recently diagnosed and after three months of diagnosis)

coping factors include adapting, normalizing, and adopt-
ing strategies (Fig. 3).

Children and caregivers showed similar patterns of
responses to disease. On the emotional level, both chil-
dren and caregivers experience stress, depression, anxi-
ety, and worry, which were reported in studies looking
at recently diagnosed T1D as well as any duration of
T1D. Mental health issues are also a common burden for
children and caregivers, after a longer period of diagno-
sis. On the physical level, both caregivers and children
report problems with their physical well-being immedi-
ately after the diagnosis and later. Sleeping problems and
fatigue appeared in studies reporting on patients with at
least three months of T1D. Finally, caregivers and chil-
dren report a burden on their social functioning, which
was only reported in studies focusing on patients being
diagnosed for longer than three months.

Discussion

This series of SLRs described and characterized the land-
scape of evidence on the humanistic burden of children
with T1D and their informal caregivers. Three literature-
based conceptual frameworks were built to identify and

evaluate the impact of diagnosis of pediatric T1D on chil-
dren and their caregivers and the common burden chil-
dren and caregivers share in the same family.

The time of diagnosis was taken into consideration,
as the onset of the disease is often an unexpected and
shocking event for both children and caregivers and may
cause acute effects, while the burden at a later period
is largely chronic in nature. We found that more stud-
ies were conducted to identify the burden of established
T1D as opposed to newly diagnosed, which was the
main reason for finding fewer factors of burden in the
context of a recent T1D diagnosis. Additionally, most of
the reported associations are simple correlations based
on cross-sectional studies with limited causal inference,
as opposed to relationships observed in cohort studies,
which are less prone to biases and a stronger study design
to establish causal relationships. Nonetheless, most of
these associations were expected, and considered a priori
in the original protocol; therefore, they represent useful
‘indicators’ to trigger attention for future interventions
and possibly serve as ‘outcome markers’ of psycho-social-
educative interventions and possibly drug interventions.
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Sociodemographic
Factors

- Patient age

Treatment-related
Factors

- Education

- Relationship with
professional health care
providers

- Adherence to
treatment

- CSll vs. MDI
- Relationship with

Family Response
Emotional Response
- Stress
- Depression
- Anxiety
- Worry

[ - Diabetes-specific stress
and fear of hypoglycemia

- Mental health issues*
-PTSD
- Satisfaction

Physical Response

- Physical health and well-
being

- Sleeping problems
- Fatigue

4
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Social Factors
- Family relations
- Stigma
- Social support

Psychological Factors
- Resilience
- Self-confidence
- Negative Cognition

Coping Skills

health care team
- Treatment barriers

Social Response

- Adapting
- Normalizing

- Food related problems

- Social Functioning

- Adopting strategies

Fig. 3 Literature-based conceptual framework on burden of pediatric T1D on children and informal caregivers as part of the family unit

*Mental health was measured using SF-12

CSlI: Continuous Subcutaneous Insulin Infusion; MDI: Multiple daily injections

Elements in black-colored font were found only in children with T1D for at least three months and their caregivers; elements in green-colored font were
found in children with T1D of any duration (both recently diagnosed and after three months of diagnosis) and their caregivers

We identified a certain number of specific challenges
that both the child with T1D and the caregiver expe-
rienced. Anxiety, depression, stress, and worry were
commonly found among children and caregivers facing
a recent diagnosis of T1D and continued over time in
relation to new challenges pertaining to aging or disease
complexity.

Generally, a child’s age was related to the burden on
both the child and caregiver with different expressions at
different ages. Parents of adolescents experienced higher
levels of stress than parents of younger children. At the
same time, the child’s age was shown to be an influenc-
ing factor that affected QoL. Adolescents showed worse
emotional response and school functioning, more dis-
turbed QoL, and higher levels of depression when com-
pared with younger patients [17-26]. Patients in the later
stages of adolescence seemed to have the worst depres-
sion and anxiety symptoms. This is concordant with the
findings of Lasaite 2016, which concluded that patients
with T1D displayed a greater burden of diabetes distress
in emerging adulthood than in adolescence [27]. These

findings were expected, as both children and parents will
have more burden when children grow older and become
independent and gain responsibility for their treatment.
However, some other factors could have played a role;
for example, the limitations of the scales used to assess
depression in young children, and the fact that younger
patients may not describe their feelings as well as older
ones.

To our surprise, symptoms like fatigue, sleeping prob-
lems, mental health, and social functioning were reported
among both the child and caregiver, only in populations
with a diagnosis of T1D for longer than 3 months. This
association may reflect the fact that the newly diagnosed
population is not very well studied, or children/care-
givers have different important priorities immediately
after the T1D diagnosis where the attention is focused
on learning how to cope with the new disease. Another
interpretation, however, is that the level of support at the
time of diagnosis is efficient and focused on decreasing
stress and anxiety.
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Finally, we may also consider the need to have enough
experience with the disease and its treatments to real-
ize the complexity and daily life challenges. Worriedness
can be justified in the first three months after diagnosis
of T1D by the fear of acute and long-term complications
and pressure to achieve “treatment goals” At another
stage, the impact of disease on the child’s life, in general,
becomes a major concern with chronic consequences, as
illustrated by the relationship between the occurrence of
T1D before 10 years of age and the loss of 17.7 life years
among women and 14.2 life years in men [28].

The psychological and emotional burden experienced
by both children and caregivers was expected because
family members tend to influence one another emo-
tionally when they share a household, through trans-
actional interaction (Fig. 4). Family dynamics include
complex patterns of influence in interparental, father-
child, mother-child, and sibling relationships. Within a
family, children are not passive recipients of parenting,
but rather, active participants in parent-child relation-
ships, and therefore, the frameworks are bi-directional
and multi-faceted [29]. Parenting practices and child
functioning are a product of both parent and child
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characteristics and behavior. Parent-child interactions
occur in a wide range of contexts (e.g., playing, caregiv-
ing, teaching, daily life activities), and parent-child inter-
actions in one context may affect interactions in another
context. Moreover, the relationship between parents
and children is affected by the intentional influence on
life circumstances and exercising the ability to engage
in intentional behavior [8, 30, 31]. In the context of the
family unit, even small events can trigger emotional reac-
tions or anxiety, which may influence other family mem-
bers. The opposite is also true, where a mutual family
experience (for instance, successful support networking)
can lead to changes in one individual [30] Moment-by-
moment influence processes contribute to long-term
influence processes, as well as the reverse, and both long
and short periods of time uniquely contribute to the
whole of family experience [30, 31]. Another point to
be taken into consideration when analyzing the concep-
tual frameworks is that an individual is part of a whole,
and that to understand the individual, one must examine
the interrelations between one part and the whole. This
transactional concept exists beyond the family [31] when

Society

Family Unit

Community of
practice

Professional
health-care
team

Coworkers
and friends at
school

Friends from

recreational

activities and
family

P——

with T1D

Community
of
caregivers

Community
of children
with T1D

Fig. 4 Diagram of transactional family dynamics and external supports for children with T1D and caregivers

Legend: Central part of the figure shows the transactional dynamics within a family with a child with T1D, independent of the living arrangements of the
family. These interactions are between the parents, between each parent and each child (including the child with T1D), and among siblings including in-
teractions with the child who has T1D. These dynamics are also affected by external factors: (i) spontaneous social interactions with other family members,
extended family, and professional relationships as well as school friends and teachers for the child. (i) Another form of support is through educational
interactions with the healthcare team that can influence the way children and caregivers react to the disease and use treatment technologies. (iii) Finally,
the family dynamic is also influenced by the participation of the child with T1D and the caregiver to specific communities of practice where they can
meet peers to exchange experiences and ask questions. Once quality of life, resilience and mental health improve in one family member, this leads to an

improvement in other family members. Figure 4 describes this dynamic



Allen et al. Diabetology & Metabolic Syndrome (2024) 16:73

children interact with peers at school, while parents also
function in their work environments (Fig. 4) [30].

The burden that children with T1D and their caregiv-
ers experience is related to the specific way children and
caregivers experience the new disease and its manage-
ment. The nature of the elements that generate burden is
different for the children and the caregivers. For instance,
children reported burden due to T1D symptoms, blood
sugar testing frequency, duration of the disease, and fail-
ing with the disease routine or not reaching treatment
targets. Meanwhile, caregivers reported more practical
factors related to diabetes management, such as a lack
of information and understanding about the diagnosis,
the relationship with the healthcare team, and nocturnal
measuring. Additionally, treatment-related factors that
affected both children and caregivers included treatment
adherence: caregivers reported challenges regarding dia-
betes technology and skills, while children reported hav-
ing difficulty with adopting new practices or behaviors
as a main source of difficulty. Furthermore, emotionally,
children showed signs of sadness, discouragement, and
embarrassment, while parents showed disappointment
and anxiety as an emotional response. On the social
response level, children experienced more challenges
than their parents, including loneliness and social with-
drawal, as well as social stress (Tables 1 and 2).

Finally, we identified factors that play a role in the
way that T1D affects children and their caregivers. For
instance, female patients had more disturbed QoL, and
worse symptoms of depression and anxiety compared to
male patients. This is similar to the general adolescent
population, where girls tend to have more mental health
challenges and girls’ QoL declines more than boys over
time [32]. The risk for mental health problems increases
among women when they transition to adulthood know-
ing that women’s status and life opportunities remain
low worldwide [33]. Similarly, among caregivers, moth-
ers experience higher levels of burden when compared
to fathers. Mothers generally have higher levels of anxi-
ety and fear of hypoglycemia than fathers. Mothers also
expressed more problems related to the future of their
children’s T1D, including treatment, and the long-term
consequences.

Since emotional and mental health problems can be
affected by other family members (Fig. 4), the develop-
ment of resilience and self-efficacy would follow the
same pattern. And so, if one family member gains con-
fidence or has improved mental health, other members
of the family will benefit from these improvements [34].
Group interventions to support children with T1D and
caregivers through specific networks are useful interven-
tions to learn in action, share information and resources,
and support each other. Within these communities of
patients or caregivers, some educational programs can be
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proposed to control stress and promote resilience to help
individuals and families with similar experiences. Fami-
lies can work together to support each other to share new
knowledge and skills toward developing self-efficacy and
self-confidence [35]. As illustrated in Fig. 4, these differ-
ent interventions strengthen the participating child or
caregiver, which has a positive impact on the other. The
process makes the whole family stronger and helps chil-
dren with T1D to progressively incorporate the diagno-
sis of the disease into a new identity (i.e., “children with
diabetes”), which in turn improves clinical outcomes [36].

At the same time, progress in technology and thera-
peutics in T1D is offering new opportunities to improve
QoL, reduce the burden of disease, and improve under-
standing of T1D and its treatment. For example, the use
of an Automated Insulin Delivery system in children with
T1D was associated with an improvement in psychoso-
cial outcomes in children and their caregivers [37]. Evalu-
ation of the burden on children with T1D as well as their
families should become a standard in conducting inter-
ventional trials of new devices and new treatments. More
research is needed to understand better the time dynam-
ics of the burden from a period close to diagnosis to the
time when the disease is established.

This manuscript is based on four SLRs covering the
burden of pediatric T1D on children and their informal
caregivers. The SLRs covered nested timelines, which was
important to describe the specific effect of the diagnosis,
as well as the effect over a longer duration of disease. To
our knowledge, this is the first approach to understand
both the specific burden of T1D on children and caregiv-
ers, as well as the common burden.

However, this review has limitations. Only a limited
number of studies reported the burden of T1D on chil-
dren and caregivers within the first few months of diag-
nosis. We also observed a large heterogeneity among the
studies regarding the instruments used and the quality
of the reporting (see Additional File 4 for a summary
of the quality assessment). Finally, most of the included
studies in this review were conducted in developed coun-
tries, which may limit the inference to other countries
or populations that live with different health/education
systems, priorities, cultures, and preference. Caregiv-
ing practices vary significantly across cultures, shaped
by diverse social norms, beliefs, and values [38]. In some
cultures, caregiving is deeply ingrained in familial roles
and responsibilities, with extended family members often
sharing caregiving duties. In contrast, individualistic cul-
tures may prioritize autonomy and independence, lead-
ing to different approaches to caregiving. Additionally,
cultural beliefs about illness and quality of life can shape
perceptions of caregiving, impacting the level of support
and resources available. These cultural differences can
influence how individuals perceive the burden of T1D.
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Understanding these cultural differences is essential
for providing culturally sensitive and effective support
to families across diverse backgrounds. Despite these
limitations, these results invite others to conduct more
research to better understand the humanistic burden
of T1D among children with T1D and their caregivers,
especially during the period that follows the diagnosis.

Overall, this study shows that the burden of T1D
extends beyond the individual diagnosed and encom-
passes informal caregivers within the family unit. This
shared burden underscores the necessity for interven-
tions tailored to address the dynamic interaction between
children and caregivers. Comprehensive support strate-
gies must consider various contributing factors, includ-
ing socio-demographic, treatment-related, social,
psychological, and coping aspects. Additionally, interven-
tions should be tailored according to the age of the child
to effectively mitigate the burden experienced. Despite
varying durations of T1D, both children and caregiv-
ers exhibit consistent patterns of emotional and physi-
cal burden, emphasizing the need for holistic approaches
that promote family resilience and provide age-appropri-
ate support. By addressing the shared burden within the
family unit, interventions can enhance coping skills, pro-
vide education, and facilitate social support, ultimately
improving outcomes for both children and family mem-
bers affected by T1D.

Conclusions

T1D causes a significant burden to affected children and
their caregivers, both independently and through trans-
actional interaction within the family unit. One type of
strategy to reduce the disease burden is to strengthen
individuals for the benefit of the whole family using the
same transactional interaction. The review sheds light on
the various aspects of burden experienced by children
with T1D and their caregivers, including anxiety, depres-
sion, stress, and worriedness. Additionally, information
from this review could be used to support children and
caregivers either to prevent the development of excessive
burden or to mitigate its development.

This work identified significant gaps in the evidence
base regarding disease burden in children who are
newly diagnosed with T1D and their informal caregiv-
ers. People with newly diagnosed T1D and their informal
caregivers form an underserved and under-researched
population. The scarcity of evidence and limited qual-
ity of the few included studies draw attention to some of
the key areas of unmet needs for this population. Over-
all, this manuscript underscores the need for continued
research including longitudinal studies and prospec-
tive interventional trials to better understand the effects
of different approaches on the burden on families living
with a child with T1D.
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