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Practice Points
�� Type 1 diabetes (T1D) is an immune-mediated disorder that requires lifelong dependence 

on exogenous insulin therapy and imposes demands on patients and their families that 

impact virtually every aspect of day-to-day life.

�� A lack of adequate glycemic control can lead to increased acute and chronic diabetes 

complications.

�� Diabetes self-management education and medical nutrition therapy are essential 

components of diabetes management. 

�� Youth with T1D in the USA face additional burdens at school relating to the lack of 

appropriately trained staff, policies that prohibit staff assistance, limitations on adherence 

to the diabetes management plan and missed class time.

�� Youth with T1D are at greater risk for psychological adjustment difficulties including 

depression, anxiety, disordered eating and family conflict related to diabetes 

management.

�� It is essential to create a diabetes care plan that includes an insulin regimen, delivery 

system, blood glucose monitoring system and nutrition/activity plan that can meet an 

individual’s needs and lifestyle.

�� Multidisciplinary diabetes teams possess the expertise and experience necessary to 

assist patients in addressing the burdens associated with T1D and are up-to-date on 

current research, new medications/equipment, lifestyle challenges and psychosocial 

burdens. 
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Summary	 In this review, we will discuss the burdens of Type 1 diabetes (T1D) that are 

faced by youths in the USA, which impact virtually every aspect of day-to-day life. A multidis-

ciplinary diabetes care team can effectively address the burdens of T1D in order to achieve 

adequate glycemic control and to minimize the risk of acute and chronic complications. The 

support of a multidisciplinary diabetes team possessing varying and complementary skills in 

collaboration with other healthcare providers can assist youth with T1D and their families in 

overcoming the multitude of potential obstacles. The development of an individualized diabe-

tes care plan that accommodates the patient’s lifestyle is essential for improving the quality of 

life, while allowing the patients to maximize their potential and achieve their life goals.

Addressing the burdens of Type 1 
diabetes in youth
Type 1 diabetes (T1D) is an immune-mediated 
disorder characterized by progressive destruc-
tion of the pancreatic b‑cells, leading to insulin 
deficiency and consequent hyperglycemia. It is a 
chronic illness that requires lifelong dependence 
on exogenous insulin therapy. As a result, T1D 
imposes demands on patients and their families 
that impact virtually every aspect of day-to-day 
life. Despite technological advances in insulin 
preparations, insulin delivery devices and blood 
glucose monitoring, the management of T1D in 
the USA remains a major burden. Maintaining 
adequate metabolic control to minimize the risk 
of diabetes-related complications while preserv-
ing quality of life and a flexible lifestyle continues 
to be a major challenge for youth with T1D. 

In this review, we will emphasize the impor-
tance of multidisciplinary care to address the 
burdens of T1D in order to achieve adequate 
glycemic control and to minimize the risk of 
acute and chronic complications. The support 
of a multidisciplinary team possessing vary-
ing and complementary skills can assist youth 
with T1D and their families in overcoming a 
multitude of potential obstacles including con-
cerns/issues at school/work, financial conflicts, 
psychological burdens of the disease, and choice 
of insulin regimen and method of insulin deliv-
ery. This facilitates the selection of a treatment 
plan that best accommodates the patient’s life-
style, which can dramatically improve quality 
of life, allowing the patient to maximize their 
potential and achieve their life goals. Advances 
in technology and research continue to improve 
treatment modalities with the intention of devel-
oping a cure. However, current treatment still 
requires commitment and ongoing daily efforts 

from the patient and their support network to 
achieve optimal glycemic control and minimize 
diabetes-related complications.

Incidence of diabetes
There has been a significant rise in the incidence 
of T1D worldwide. The largest increase is occur-
ring in younger individuals (<5 years of age) who 
will have the greatest lifetime burden associated 
with the disease. In Europe, there is a reported 
overall annual increase of 3.9% in the incidence 
of T1D and a possible doubling of the incidence 
rate in children <5 years of age by 2020 [1]. While 
the USA lagged behind the increasing incidence 
throughout the 1970s to the 1990s reported 
by Europe, recent reports show increasing US 
incidences similar to worldwide trends [2]. The 
SEARCH for Diabetes in Youth (SEARCH) 
study reported that the 2002–2005 incidence of 
T1D in non-Hispanic white youth aged ≤14 years 
was 27.5/100,000 per year [3], 14.1/100,000 
in Hispanic youth [4], 15.7/100,000 in 
African–American youth [5] and 6.4–7.4/100,000 
in Asian–Pacific Islander youth [6]. Such increas-
ing rates have global consequences, including 
increasing hospitalizations, increasing micro- and 
macro-vascular complications, increasing medi-
cal care costs and reduced lifetime productivity. 
Complications associated with T1D, both acute 
and chronic, as well as mortality, vary geographi-
cally and ethnically. Those in the youngest age 
groups (0–4 years) have the highest rates of dia-
betic ketoacidosis (DKA; primary acute compli-
cation) with rates in the USA of almost 30% [7]. 
Reports have suggested that overall awareness of 
T1D and access to care are primarily responsible 
for the geographical variation [7]. By contrast, 
the global variation in the prevalence of long-
term complications  –  primarily nephropathy 
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and retinopathy affecting adults – appears to 
be due to factors such as socioeconomic status 
(SES), access to healthcare, duration of diabetes 
and basic demographic characteristics including 
family structure [7]. While mortality from T1D 
is relatively low it is nonetheless twice that of the 
general diabetes-free population [7]. Poor glycemic 
control is the main culprit; however, SES plays a 
significant role in mortality as well. The Pittsburg 
Epidemiology of Diabetes Complications Study 
(EDC) study recently reported that mortality in 
T1D is mediated by education as a marker of SES 
[8], whereas those with a college degree had lower 
rates of mortality. Additionally, the EDC showed 
that hemoglobin A1c (HbA1c), a marker of glyce-
mic control, was inversely associated with income 
level [9]. Addressing the burden of this disease is 
complex and requires an approach that takes into 
account geographical and ethnic background, as 
well as SES.

Burdens of T1D
T1D is a demanding and burdensome disease that 
can result in multiorgan failure without continu-
ous care. The day-to-day management is time 
consuming and involves meticulous balancing of 
insulin replacement with diet and exercise, and is 
a crucial element of ensuring better quality of life 
and a positive long-term outlook. Optimal ther-
apy requires a youth with T1D and his/her family 
to monitor dietary intake, count carbohydrates, 
match insulin to carbohydrate intake, administer 
multiple daily injections (MDIs) or master insulin 
pump therapy, and monitor the blood glucose four 
or more times daily [10]. Adherence to this regi-
men can become overwhelming when also cop-
ing with the demands of school, work and family 
obligations. A lack of diabetes control and proper 
insulin therapy often promotes diabetes-related 
family conflict, poor school performance and/or 
increased interpersonal conflict [11], in addition to 
physiologic damage. 

Exogenous insulin therapy is lifesaving for indi-
viduals with T1D and can decrease their long-term 
morbidity. However, the adverse effects of insulin 
are often barriers to adherence to prescribed insu-
lin regimens. Exogenous insulin administration 
circumvents the normal physiological response 
to hypoglycemia, including counter-regulatory 
hormone release. Hypoglycemia can impair cog-
nition, precipitate convulsions and lead to death. 
The risk of hypoglycemia is heightened in the 
younger age group (<5 years of age) [12] and for 

those on intensive insulin therapy [13]. Therefore, 
iatrogenic hypoglycemia is a common obstacle 
to achieving a near-normal blood glucose control 
[14]. Also, since insulin is lipogenic, replacement 
with high doses of exogenous insulin therapy can 
exacerbate weight gain [13]. Weight gain contrib-
utes to an increased risk of cardiovascular disease 
and insulin resistance [15]. Further obstacles to 
achieving effective insulin therapy include fear 
of needles and of self-injection. Although inten-
sive insulin therapy is recommended as early as 
possible to achieve near-normal glycemia, safety 
is the priority [16]. Consequently, glycemic tar-
gets are tailored to age [10]. Insulin analogs and 
delivery systems (i.e., insulin pumps) are designed 
to reduce the burden of manual administrations, 
reduce hypoglycemia and improve glycemic con-
trol; however, they can be cost-prohibitive based 
on medical insurance coverage. 

The financial burden of diabetes in the USA 
can be immense and can further contribute to 
nonadherence and family stress if patients are 
unable to afford their diabetes medications or 
supplies. The total US annual medical expen-
diture for T1D is reported to be US$6.9 bil-
lion with a per capita expenditure of $6288 per 
year (hospitalizations and diabetes care supplies 
account for over 75% of the annual cost) [17]. 
The costs are additive and include medical vis-
its and a multitude of diabetes supplies (blood 
glucose monitors, lancets, lancet devices, test 
strips, alcohol pads, glucagon kits, ketone test 
strips, glucose tablets, syringes/pen needles and 
insulin vials/pen devices). Insurance coverage is 
frequently a source of frustration and a barrier 
to acquiring optimal therapies. As a result, some 
patients settle for suboptimal insulin regimens 
that do not accommodate their lifestyle and 
personal needs. Increased morbidity associated 
with poor glycemic control exponentially adds 
to the financial burdens associated with T1D. 
Recent reports indicate that progression of dia-
betic nephropathy is associated with a 30–40% 
rise in annual baseline medical costs, at least 
some of which is typically borne by the patient 
[18]. Additionally, the nonmedical costs include 
stress and lost productivity. Therefore, support 
of a social worker and financial specialist is 
essential to maintaining optimal quality of life 
and reducing the financial burden on families 
with T1D. 

The risks and complications from T1D range 
from acute to chronic and include an increased 
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likelihood of acquiring other associated auto
immune disorders. The autoimmune diseases 
that patients with T1D are at an increased risk of 
include celiac disease (1–16% of individuals with 
T1D), thyroid disease (17–30% of individuals 
with T1D), Addison’s disease and pernicious 
anemia. Therefore, close monitoring for devel-
opment of signs/symptoms of these associated 
disorders is imperative to improving patients’ 
overall wellbeing [10]. 

The lack of adequate glycemic control can lead 
to increased acute diabetes complications, includ-
ing emergency room visits and hospitalizations 
associated with hypoglycemia or DKA. Cerebral 
edema is a devastating complication of DKA and 
the leading cause of mortality among youth with 
T1D. Factors associated with an increased risk 
of these acute complications include poor gly-
cemic control, intrafamily conflict, presence of 
psychological/behavioral problems, lower social 
competence and inadequate health insurance 
coverage. More specifically, adolescent girls are 
at the highest risk for DKA and the highest inci-
dence of hypoglycemia is in the youngest chil-
dren [19]. Despite the technological advances in 
diabetes care, youth with T1D remain at high 
risk for these acute complications, particularly 
those with poor glycemic control. The overall 
incidence rate of hospitalizations in youth with 
T1D has been reported to be more than three-
times the rate in the general pediatric population 
[20]. These acute events contribute to absenteeism 
at school and work, impaired performance, and 
increased morbidity and risk of mortality [17]. 

Inadequate diabetes management can also 
impact the growth, as well as physical and psy-
chological development of young children and 
adolescents. As the incidence of diabetes rises, 
the burden of increased morbidity and mortal-
ity associated with the micro- and macro-vas-
cular complications also rises. While the goal 
of diabetes management is to achieve optimal 
metabolic control to minimize these complica-
tions, many patients are unable to achieve this. In 
1993, the Diabetes Control and Complications 
Trial (DCCT) showed that the primary benefit 
of intensive insulin therapy was a significant 
decrease in the onset and progression of micro-
vascular complications (Table 1) [21]. Subsequently, 
a 10‑year follow-up of the DCCT cohort in the 
Epidemiology of Diabetes Interventions and 
Complications (EDIC) study showed a signifi-
cant protective effect of prior intensive diabetes 

therapy, compared with conventional therapy, on 
the progression of coronary artery calcification, 
diabetic nephropathy, impaired glomerular fil-
tration rate, retinopathy and cardiac autonomic 
neuropathy. In fact, these protective effects per-
sisted years after intensive therapy [22–26]. The 
development of diabetes-related complications 
can be seen even in youth. Up to 30% of ado-
lescents with T1D have been reported to have 
significant difficulties following their medical 
regimen [27]. Early-onset diabetic nephropathy 
is evident in those with poor glycemic control 
with mean disease duration of 11.32 years [28]. 
However, adolescents with T1D were found to be 
as likely as adults to benefit from early intensive 
therapy to improve glycemic control and reduce 
the risks of complications [29]. The benefits of 
intensive insulin therapy do not diminish over 
time if HbA1c rises subsequently [30]. Therefore, 
the goal of all clinicians should be to achieve 
optimal metabolic control with a HbA1c goal of 
less than 7–8% as early in the disease process as 
possible [16]. This can be achieved with a diabetes 
care plan tailored to the individual’s needs, which 
should modified to fit the child’s developmental 
stages as they emerge into adulthood.

Diabetes management is constant and must 
continue at school. Therefore, school personnel 
play an integral role in the student’s diabetes care 
[27]. In the USA, some schools have limited or no 
availability of school nursing or other appropri-
ately trained staff [31] and often school person-
nel lack an understanding of T1D and diabetes 
care [27]. In other instances, even when staff are 
available, school policies may prohibit staff from 
administering insulin/glucagon when necessary 
[32]. As a result, students are often required to 
manage their diabetes on their own and, for 
those who are not independent, parents must 
provide the care [33]. School policies have also 
been identified as potential barriers to proper 
management of diabetes at school. In the USA, 
these include the requirement to leave the class-
room to check/treat blood glucose values, lack of 
additional time to complete tests and assignments 
and restrictions on having snacks or restroom 
breaks when necessary [32,34,35]. These policies 
can lead to a delay in treatment and missed class 
time/teacher instruction, which can place youth 
with T1D at risk for serious complications and 
pose additional educational risks [31,35]. A study 
carried out by Wagner and colleagues found 
that 72% of parents indicated that there was a 
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designated person – generally the school nurse – 
trained to handle diabetes-related emergencies 
at school. However, only 6% reported that there 
was a second trained person available in the event 
of an emergency. The same study found that 
57% of students had no available help for after-
school activities and that 97% of nurses felt that 
afterschool advisors should be more knowledge-
able about diabetes care [32]. There are currently 
no laws in the USA that require private schools to 
meet the needs of students with special medical 
conditions; however, there are state and federal 
laws that protect students in public schools. The 
American Diabetes Association (ADA) states 
that “appropriate care at school is essential for 
the child’s immediate safety, long-term well-
being and optimal academic performance” [36]. 
Therefore, families may need an advocate to help 
support and balance their child’s diabetes and 
educational needs at school.

Given the complexities of diabetes manage-
ment and the constant vigilance that is required, 
it is not surprising that patients with T1D often 
experience emotional difficulties. While many 
youths adjust well to T1D, substantial num-
bers experience decreases in their health-related 
quality of life, suggesting that their disease 
negatively impacts their physical functioning 
and psychological well-being [37]. However, 
general measures of quality of life have shown 
that youths with T1D have similar levels com-
pared with youths without T1D [38], suggesting 
that diabetes has a more focused impact on their 
functioning. Difficulties in psychological func-
tioning are also common in youth with T1D. 
Cross-sectional studies have found that 10–20% 
of youths with T1D experience clinically signifi-
cant depression [39,40], while 13–17% experience 
significant anxiety [41]. In recent years, there has 
been increasing focus on the occurrence of dis-
ordered eating in patients with T1D, most nota-
bly omitting or reducing insulin in order to lose 
weight. In fact, estimates suggest that as many as 
10% of girls and 1.4% of boys with T1D engage 
in insulin omission to lose weight. Furthermore, 
while youth with T1D show less dieting behav-
ior and body dissatisfaction than youth without 
T1D [42], almost half of females with T1D have 
reported disordered eating, which can include 
skipping meals and excessive exercising, as well as 
insulin omission [43]. Given these findings, a siz-
able percentage of youth with T1D are at risk of 
unhealthy eating behaviors. While psychological 

difficulties certainly have a detrimental impact 
on a patient’s life, their diabetes care is often 
also negatively affected. Youth with T1D who 
have comorbid psychological conditions and/or 
poorer quality of life also tend to have poorer 
glycemic control [40,41]. It is not clear whether 
T1D, T1D with poor glycemic control, or psy-
chological difficulties and quality-of-life deficits 
are causal in the negative cycle that yields diffi-
culties in each of these areas; however, it is clear 
that these problems are common and typically 
co-occur.

It is also important to consider developmental 
issues and how T1D impacts youths’ functioning 
over time. While many youths with T1D experi-
ence a period of mild adjustment difficulties soon 
after diagnosis, there is some evidence that these 
difficulties resolve quickly in the first year after 
diagnosis [44]. Furthermore, in a 10‑year follow-
up of youths diagnosed with T1D in childhood, 
there were no notable differences in psychiatric 
symptoms or other psychosocial variables, such 
as educational attainment and employment, sug-
gesting that youths with T1D generally func-
tion at the same level as their nonaffected peers. 
However, youths with T1D did show lower levels 
of self-esteem, which may lead to psychological 
difficulties in the future [45]. Conversely, other 
research has suggested that, over time, and par-
ticularly at points of transition or developmental 
changes (e.g., school entry, puberty and adoles-
cence), patients with T1D are at an increased risk 
of psychological difficulties. It is not surprising 
that typical developmental changes, such as the 
increasing need for independence and autonomy 
in adolescence, are associated with declines in 
both psychological functioning [40] and diabetes 
management [46]. In part, as youth have T1D 
for longer periods of time, they may experience 
fatigue resulting from the daily care of a chronic, 

Table 1. Risk reduction in patients on intensive insulin therapy† in the Diabetes 
Control and Complications Trial.

Microvascular complication Reduction (%)

Severe nonproliferative diabetic retinopathy 47

Progression of retinopathy 63

Microalbuminuria 39

Macroalbuminuria 54

Neuropathy 60
†As compared to the Diabetes Control and Complications Trial conventional insulin therapy group. HbA1c 
values in the intensive therapy group were significantly lower than in the conventional therapy group 
(p < 0.001). 
Data taken from [21]. 
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time-consuming condition [47]. In particular, 
when a child or adolescent perceives that their 
disease is so burdensome – due to a lack of posi-
tive results or the ongoing daily demands among 
other factors – they may no longer feel able or 
willing to care for it properly. Experiencing 
fatigue with diabetes care leads to poor manage-
ment and can also be associated with difficulties 
in psychological functioning.

In addition to the individual impact of TID on 
youths, the disease can greatly impact the family. 
Many families experience increased conflict and 
arguing as a result of the prescribed daily diabetes 
tasks that may be difficult to implement. This 
type of diabetes-specific family conflict has been 
consistently linked to poor glycemic control and 
diabetes management in youths [48] as well as dif-
ficulties in psychological functioning in youth, 
such as symptoms of depression and anxiety [49]. 
Parents of youths with T1D can also have dif-
ficulty coping and often experience stress related 
to their child’s diagnosis and ongoing treatment 
[50]. The occurrence of these diabetes-specific 
difficulties in parents has also been related to 
poorer parental psychological functioning [51] 
and poorer child psychological functioning [52], 
but not to diabetes management and glycemic 
control [53]. Furthermore, general life stress 
reported by parents has also been associated with 
poorer health outcomes in youths with T1D [54]. 
Overall, T1D may impact the youth’s individual 
functioning, family interactions and/or parent 
functioning. When psychological or adjustment 
concerns arise in these areas, diabetes manage-
ment, as well as general functioning, is negatively 
affected. 

�� Addressing the burdens of T1D with 
multidisciplinary care
Youths diagnosed with T1D are confronted very 
early in life with responsibilities for their health. 
T1D treatment is demanding and the most chal-
lenging and time-consuming piece – maintain-
ing adequate glycemic control – is also the most 
important in reducing immediate and long-term 
complications. As shown by the DCCT, intensive 
insulin therapy to improve glycemic control can 
minimize the risk of acute and long-term compli-
cations and can help reduce the financial burden 
and improve quality of life for those with the dis-
ease [21,55]. However, several reports indicate that 
only 33–34% of children with T1D achieve a 
target HbA1c of <8.1% [20,56]. Achieving optimal 

glycemic control requires that the patient and 
their family successfully overcome the numerous 
challenges mentioned above. Multidisciplinary 
diabetes teams in the USA possess the expertise 
and experience necessary to assist patients in 
meeting these challenges and improving their 
glycemic control. These teams are experts in the 
disease and are up-to-date on current research, 
new medications/equipment, lifestyle challenges 
and psychosocial burdens. 

Medical care
In the USA, all youth with T1D should be given 
a comprehensive diabetes evaluation as out-
lined in the ADA’s Standards of medical care 
in diabetes  –  2012 [10]. Monitoring diabetes 
self-care and measurement of glycemic control 
with quarterly HbA1c measurements (depend-
ing on the level of the patient’s glycemic control) 
is a critical part of routine care. Screening for 
autoimmune disorders and assessing the risk for 
microvascular and macrovascular complications 
are also essential components of diabetes medical 
visits (Table 2). Attending quarterly clinic visits 
generally requires patients to miss school/work 
days. Distance frequently adds additional bur-
dens of time and travel expense as many patients 
do not have local access to multidisciplinary 
teams. To combat this distance issue, some prac-
titioners/hospitals have developed satellite clin-
ics with ancillary services in more remote areas. 
More recently, telemedicine has been shown to 
be an effective strategy to deliver care in remote 
areas [57]. A combination of telemedicine vis-
its/primary care visits once every 3 months with 
an annual face-to-face visit with a multidisci-
plinary team can dramatically improve the care 
provided to patients with T1D while reducing 
some of the burden of the disease. 

�� Blood glucose monitoring devices
The ability to self-monitor blood glucose (SMBG) 
can reduce the burden by providing a level of 
control over T1D and improved quality of life. 
Home blood glucose monitoring devices have 
been available since the 1970s. Patients with T1D 
should monitor their blood glucose a minimum 
of four-times daily [10]. A number of studies have 
documented the association between increased 
SMBG frequency and improved glycemic control 
[58,59], with such benefits extended in younger 
patients with T1D [60,61]. In a pediatric popula-
tion, the frequency of blood glucose monitoring 
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was inversely correlated with glycemic control, 
such that HbA1c levels decreased from a mean 
value of 9.1 ± 0.34% to 8.9 ± 0.16% to 8.0 ± 
0.31% when SMBG frequency improved from 
once per day to three-times or five-times or more 
per day, respectively [20]. 

The advent of a continuous glucose monitor-
ing system (CGMS) has added another facet 
to the management of T1D and monitoring of 
blood glucose. The CGMS measures interstitial 
glucose every 1–5 min for 72 h. The resulting 
profile is a more comprehensive indicator of gly-
cemic excursions over a 24-h period. The use of a 
real-time CGMS minimizes the risk of nocturnal 
hypoglycemia [62] and glucose variability.

For patients, data obtained from SMBG and 
CGMSs can be extensive and overwhelming. 
However, the data can be viewed in an orga-
nized and meaningful manner with computer 
programs that provide statistical summaries of 
blood glucose values displayed in varied user-
friendly formats including log books, graphs 
and percentages of results in and out of range. 
Using these computer-generated reports, patients 
have successfully decreased their HbA1c by 10% 
compared with handwritten logbooks and meters 

without memories [63]. Analysis of the data by 
both the patient and their diabetes care provider 
at regular intervals can influence adjustments 
in the insulin regimen, diet and activity level 
to improve glycemic control [63,64]. Therefore, 
instructing patients to monitor blood glucose 
frequently, along with providing educational 
skills and tools to interpret the data obtained 
from SMBG and CGMSs and to make adjust-
ments in the diabetes regimen, can enhance the 
benefit of such data. 

�� Insulin therapy
Treatment of T1D requires the subcutaneous 
delivery of exogenous insulin. Insulins and 
their delivery have evolved since the discovery 
of insulin in 1921. Current intensive treatment 
of T1D requires the provision of sufficient basal 
insulin to maintain basal requirements over a 
24-h period and appropriately deliver insulin 
boluses to match the glycemic effects of meals. 
There are an almost infinite number of poten-
tial insulin regimens that can accomplish this. 
Newer rapid-acting insulin analogs have allowed 
for more rapid onset, sharper peaks and shorter 
duration of action, which help decrease the rate 

Table 2. Screening recommendations for youths with Type 1 diabetes.

Complication/comorbidity Screening test Frequency

Microalbuminuria Random spot urine sample for 
albumin:creatinine ratio

Annually, once the child is 10 years of age and has had T1D for 
5 years

Hypertension Blood pressure measurement (appropriate 
size cuff must be used)

Every visit

Dyslipidemia Fasting lipid profile Family history of hypercholesterolemia or a cardiovascular 
event before age 55 years or if family history is unknown: 
>2 years of age
Family history is negative: ≥10 years of age
Diagnosed with T1D at or after puberty: after diagnosis once 
glucose control is established

Retinopathy Dilated eye examination First exam: ≥10 years of age and T1D for 3–5 years, then 
annual follow-up. Less frequent follow-up is acceptable if 
recommended by eye care professional

Celiac disease Tissue transglutaminase or antiendomysial 
antibodies, IgA

Soon after diagnosis of T1D, repeat as needed for children 
with growth failure, failure to gain weight, weight loss, 
diarrhea, flatulence, abdominal pain or signs of malabsorption, 
or in children with frequent hypoglycemia or decline in 
glycemic control

Hypothyroidism Thyroid peroxidase and thyroglobulin 
antibodies, TSH

Soon after diagnosis, repeat TSH every 1–2 years or sooner 
if patient develops symptoms of thyroid dysfunction, 
thyromegaly or an abnormal growth rate

Psychological concerns 
(e.g., depression, anxiety and 
eating disorders)

Standard clinical interview questions  
and/or psychological screening 
questionnaires (e.g., PSC-17 [91])

Every visit, particularly if glycemic control is suboptimal

PSC-17: 17-item Pediatric Symptom Checklist; T1D: Type 1 diabetes; TSH: Thyroid-stimulating hormone. 
Adapted with permission from [10].
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of postprandial hyperglycemia and nocturnal 
hypoglycemia. Formulations of long-acting insu-
lin analogs allow for a more steady profile, with 
minimal to no peaks. A regime of two to three 
injections per day, using rapid- and intermediate-
acting insulin, requires a more structured and 
consistent eating pattern with consistent car-
bohydrate intake. The option of MDIs, using 
mealtime rapid-acting insulin and a long-acting 
insulin analog to cover the basal insulin needs, 
requires multiple injections per day but it pro-
vides greater flexibility at mealtimes and pro-
vides for the ability to address inconsistent car-
bohydrate intake. Finding the insulin regimen 
and insulin delivery system that accommodates 
the patient’s lifestyle and activities is extremely 
important in helping to minimize the burden 
of diabetes. There are a variety of delivery sys-
tems available today that have different levels of 
automation, ranging from more manual delivery, 
such as insulin pens, to continuous subcutaneous 
insulin infusions (CSIIs)/insulin pumps.

�� Insulin delivery systems
Many patients begin insulin therapy using insu-
lin vials and a syringe but often transition to 
other insulin delivery systems. The introduction 
of insulin pen delivery devices for various insu-
lin preparations in the mid-1980s has facilitated 
insulin administration, particularly outside of 
the home. Several studies indicate the advantages 
of insulin pens (ease of delivery, improved accu-
racy of dosing at lower insulin doses and audible 
click to ensure delivery) for improving adherence 
to the prescribed insulin regimens [65–67].

For patients who would like to minimize 
manual administration of insulin, CSIIs/insulin 
pumps are available to further ease the delivery 
of insulin. The technology of ambulatory insu-
lin pumps has advanced dramatically since its 
development in the 1970s [68]. Advances in insu-
lin pumps over the years include: smaller sizes; 
safety features/alarms (to prevent overdelivery 
and recognize insulin delivery occlusions); wire-
less pump systems; waterproof devices; smaller 
increments of insulin delivery (0.01 units/h); 
altered patterns for insulin delivery based on con-
tent of meal; temporary settings to accommodate 
increased activity, illness and stress; and a large 
selection of catheters and infusion sets. Some 
studies indicate that insulin pumps are more 
effective than MDIs in improving glycemic con-
trol [69,70]. Insulin pumps permit patients to vary 

basal rates throughout the day to accommodate 
diurnal changes in insulin requirements. Insulin 
pumps have been shown to improve postpran-
dial hyperglycemia, decrease nocturnal hypo-
glycemia and decrease glucose variability [71]. 
Benefits of insulin pump therapy in the younger 
age groups have been shown in several studies. 
These include improved glycemic control, reduc-
tion in recurrent/nocturnal hypoglycemia and 
improvement in quality of life [72,73]. However, 
some randomized prospective studies indicate no 
significant difference in glycemic control with 
insulin pump therapy compared with multiple 
daily insulin injections [74–77]. Despite these 
studies showing no benefit in glycemic control, 
quality of life was shown to improve with insulin 
pump therapy in two of the studies [75,76]. 

For all insulin delivery systems, specialized 
patient education is a necessary component to 
ensure that the device is being appropriately 
used. For insulin pump therapy, more exten-
sive education for both patients and caretakers 
regarding the use of the pump, troubleshooting 
pump errors, management of blood glucose vari-
ability and use of the advanced pump features 
is necessary for patients to obtain the maximal 
benefit of the delivery system.

Diabetes education
Understanding the importance of diet and exer-
cise at an early age sets up healthy habits that 
improve quality of life and management of 
T1D. Adequate diabetes self-management edu-
cation should be provided by a certified diabetes 
educator at diagnosis and at least annually to 
provide knowledge, as well as problem-solving 
skills, in all aspects of diabetes management 
[10]. Education, coupled with the technological 
advances of blood glucose monitoring systems 
and the various insulin delivery systems, is a nec-
essary component of diabetes education in order 
to maximize the benefit of these advances in dia-
betes care. Therefore, all patients with T1D and 
their families must receive education on how to 
use blood glucose meters, administer insulin/glu-
cagon, treat low and high blood glucose values 
and manage ketones.

A healthy diet is an essential component of 
every child’s development to attain a healthy 
bodyweight, achieve their genetic height potential 
and maintain optimal metabolic control. Medical 
nutrition therapy (MNT) is a component of dia-
betes education. Education focusing on counting 
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carbohydrates and optimizing food choices at 
meals is extremely important. Matching the 
insulin dose to carbohydrate intake can main-
tain optimal glycemic control and prevent excess 
weight gain [78]. There are several web-based pro-
grams, handbooks and applications for smart-
phones available to assist patients with carbohy-
drate counting and calculating insulin dosages. 
A healthy diet with an appropriate distribution 
of fat, carbohydrates and protein (Idaho plate 
method) will limit the need for excess exogenous 
insulin and help maintain ideal bodyweight. 
Emphasis on high-fiber and low glycemic index 
foods can help reduce sharp rises in postprandial 
blood glucose levels [79,80]. MNT can also tailor 
nutrition plans for youths with other comorbidi-
ties, such as celiac disease/renal disease. Studies 
have shown that improvements in HbA1c are sus-
tained for a period of 12 months or more with 
MNT three to 12 times per year [10]. The design 
of a meal plan for patients with T1D and their 
families must take into consideration their food 
preferences and lifestyles. as well as ethnic and 
socioeconomic background in order to promote 
long-term adherence [81].

As important as diet, physical activity is essen-
tial for maintaining a healthy, stable weight and 
achieving optimal glycemic control. The 1996 
Surgeon General’s Report reinforces the signifi-
cance of physical activity in health promotion 
and disease prevention [82,83]. Exercise increases 
insulin sensitivity and uptake of glucose by 
the muscles, and reduces body fat [84]. It also 
improves cardiovascular function by improving 
risk factors for atherosclerosis. Increased physi-
cal activity can improve the lipoprotein profile, 
reduce blood pressure and improve cardio
vascular fitness [83]. Therefore, it is important to 
encourage all youth with T1D to participate in 
all levels of activity, recreational or competitive. 
Diabetes camps [201–217] are available throughout 
the year in the USA to help promote indepen-
dence and the importance of activity in a medi-
cally safe environment. Furthermore, athletes 
with T1D, such as Sam Fuld, outfielder for the 
Tampa Bay Rays, and Chris Dudley, former NY 
Knicks center, have helped raise the awareness 
of the importance of physical activity by orga-
nizing yearly weekend sports camps addressing 
the unique needs of athletes with T1D. However, 
the fear of hypoglycemia can prevent patients 
from engaging in physical activity. This can be 
addressed with education about the importance 

of SMBG during activity, how to adjust insulin 
doses, meals, and snacks surrounding activity, 
and how to recognize and treat low blood glucose 
[84,85]. This level of education will allow every 
patient with T1D to continue a healthy level of 
activity and participate in athletic competition 
if they choose. 

Continuing diabetes education, annually, 
throughout the patient’s lifetime will provide 
them with the appropriate knowledge, skills 
and tools to manage their disease and enhance 
their self-satisfaction and glycemic control. To 
ensure all age-appropriate and relevant material 
is covered in the education classes on a yearly 
basis, it is helpful for the primary care providers 
and endocrinologists to highlight to the diabe-
tes educator areas of concern. However, in the 
USA, providers can be assured that all basic 
concepts of diabetes management, according to 
the American Association of Diabetes Educators 
(AADE) guidelines, are reviewed annually 
within an AADE-certified education program. 

Psychosocial care
To address the burdens of diabetes care at school, 
it is essential that each student in the USA have 
an individualized diabetes care plan in place. 
The plan must be developed with input from 
the patient, family and healthcare provider, and 
be directly communicated to the school person-
nel responsible for the student’s care [31,36]. The 
care plan should include a list of diabetes care 
supplies to be provided by the family, physician 
orders for blood glucose monitoring and insu-
lin/glucagon administration, a meal/snack plan, 
exercise guidelines, the student’s access to diabe-
tes supplies and the level of supervision necessary 
to carry out the plan. The plan should further 
address any necessary accommodations that 
will allow the child to maximize their success at 
school, for example, being allowed to evaluate 
and treat blood glucose in the classroom, having 
a private space to complete necessary diabetes 
tasks or having more time to complete tests and 
monitor blood glucose. The school staff must 
be trained to recognize symptoms that require 
immediate attention, such as hypoglycemia [31], 
and a nurse or trained professional should main-
tain current knowledge and skills to fully imple-
ment a student’s diabetes care plan at school [86]. 
When appropriate, students with T1D should 
have permission to independently monitor and 
treat their diabetes while in school and should 
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not be limited to administering care only within 
the nurse office or another location outside the 
classroom [34,36].

In the USA, several laws are in place to protect 
students with T1D at school. Section 504 of the 
Rehabilitation Act of 1973 and The Individuals 
with Disabilities Education Act of 2004 are both 
federal laws that were designed to protect the 
rights of students by prohibiting discrimina-
tion based on a disability and mandating that 
children with disabilities, including those with 
chronic illness, have access to a free and appro-
priate public education [36]. The Americans with 
Disabilities Act requires schools to make reason-
able accommodations for children with T1D and 
the ADA has recommended that schools make 
accommodations and have at least two avail-
able personnel trained in diabetes care [36]. The 
ADA provides advocacy assistance to families 
who have been unable to receive appropriate care 
and accommodations at school. At the University 
of South Florida Diabetes Center (FL, USA), a 
multidisciplinary team assists the family and 
school in developing the diabetes medical man-
agement plan of care. The team then maintains 
contact with families and school personnel to 
provide education and to ensure that individual 
diabetes care needs are being met, and that fam-
ily and school personnel questions and concerns 
are addressed on an ongoing basis. It is important 
for healthcare providers to be aware of the stu-
dent’s rights so that they can advocate for their 
needs. Furthermore, it is essential to develop a 
partnership between the school and the family 
to establish a comprehensive plan to address the 
student’s needs and to ensure a safe learning 
environment [27,87]. 

In addition, in order to provide patients with 
optimal therapy in a cost-effective manner, it is 
important for patients and providers to be atten-
tive to the preferred diabetes supplies/medica-
tions offered through their insurance carrier 
so they can manage their diabetes in the most 
cost-effective manner. Prior authorizations 
can also be carried out in some instances to 
help obtain approval for nonpreferred medica-
tions/supplies. Intensive insulin therapy can be 
more expensive and require more resources but, 
in the long term, it can decrease the incidence of 
costly chronic complications; therefore, formal 
economic analyses indicate intensive therapy is 
a more cost-effective treatment for T1D [55]. In 
order to reduce long-term complications, optimal 

therapy must be maintained through childhood 
and adolescence and into adulthood. 

An additional component of optimal diabetes 
management is planning for and facilitating the 
transition from pediatric to adult care. An ideal 
transition is structured based on individual needs 
and requires the ongoing collaboration of the 
youth, family and the medical team. It is impor-
tant to encourage youth with T1D to actively 
participate in their diabetes care and an appropri-
ately planned transition can provide the educa-
tion and support necessary to meet the goals of 
independent self-management [88]. Providers car-
ing for youth with T1D should recognize changes 
in cognitive abilities and emotional maturation 
and provide education and support to promote 
independence to advance and eventually master 
diabetes care skills [12]. During the transition 
to adult care, it is important to address future 
plans associated with independent living and 
educational/vocational goals as this may impact 
insurance coverage as youth ‘age out’ of their par-
ents’ insurance plan or Medicaid coverage [89]. 
Youth and families should be given information 
about available resources to ensure continued 
access to health insurance. It is also important 
to address issues related to the establishment of 
healthy adult relationships, sexual functioning, 
pregnancy, and the effects of smoking, drugs and 
alcohol use, in general and related to diabetes 
management [90]. Finally, pediatric providers 
should partner with adult diabetes providers in 
the community and provide clear communica-
tion through an in-depth health summary to 
allow for smooth transition [88]. While youths 
become more independent in their care and deci-
sion making during the transition process, it is 
important to recognize family needs, as parents 
and caregivers must adjust to a new, less direc-
tive role in their child’s diabetes management. 
A multidisciplinary team approach to transition 
can provide the necessary support and resources 
to ensure a successful transition to adult care.

When caring for youth with T1D it is also 
essential to regularly assess for potential adjust-
ment difficulties, particularly if they have poor 
glycemic control. At a minimum, this should 
include asking briefly about the patient’s emo-
tional, behavioral and social functioning at each 
visit. Given the high rates of disordered eating 
behaviors in this population, providers should 
also inquire about eating habits and attempts 
to lose weight. A more in-depth assessment 
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can include providing standardized screening 
instruments to assess for common psychological 
disorders such as depression or anxiety. Scales 
such as the 17-item Pediatric Symptom Checklist 
(PSC-17) [91] have been shown to be specific and 
sensitive in identifying psychological difficul-
ties [92] and are easy to administer and score. If 
psychological difficulties are suspected, a refer-
ral to a psychologist, licensed social worker or 
other mental health professional who specializes 
in diabetes or chronic health conditions is war-
ranted. The benefits of initiating a timely referral 
for mental health services in youth with T1D 
include not only improvements in their psycho-
social functioning, but also improved family rela-
tionships, and improved diabetes management 
and health outcomes [93].

For all youth with T1D, regardless of their 
level of adjustment, healthcare providers can 
address common difficulties through anticipa-
tory guidance. For example, it is important to 
emphasize parental involvement in the diabetes 
regimen, even when youths are capable of com-
pleting the tasks independently. While even 
young children can learn to check blood glu-
cose levels or administer insulin, ongoing parent 
supervision and support are needed – well into 
adolescence – if youths are to successfully man-
age the complexities of daily diabetes manage-
ment. However, negative parental involvement, 
in the form of nagging, blaming and conflict 
about diabetes, can be as detrimental as a lack 
of parental involvement. Therefore, it is impor-
tant to emphasize positive, supportive methods 
of parenting youths with T1D. It can be useful 
to encourage parents to openly discuss with their 
child/adolescent the ways in which they can help 
with the diabetes regimen. If significant family 
conflict related to diabetes is reported by fami-
lies, a mental health referral is also warranted, 
as these issues may be difficult to address in a 
fast-paced healthcare setting.

Conclusion & future perspective
Over the last few decades in the USA, the 
awareness of diabetes has increased substan-
tially, mainly due to the increasing prevalence 
of Type  2 diabetes. Confusion still remains 
in understanding the difference between the 
diabetes types, the associated treatment, acute 
needs, severity of complications and manage-
ment burden. Medical advances and technology 
have drastically improved care and quality of life; 

however, the burden pervades. The first step in 
addressing these burdens is increasing patient 
support through multidisciplinary diabetes 
teams that can provide medical management 
plans, education, nutritional advice, psychosocial 
resources and a support network to reduce the 
overwhelming nature of managing this disease.

Current studies for T1D are aimed at under-
standing the physiology of T1D and environ-
mental exposures for prevention, identifying 
accelerating risk factors and clinical interven-
tions to slow the disease and/or sustain organ 
function to reduce long-term complications. 
The Environmental Determinants of Diabetes 
in the Young study [94] is an international, mul-
ticenter, longitudinal study, following children at 
risk for diabetes starting at birth and comparing 
different populations with different geographi-
cal incidence, different lifestyles and environ-
mental exposures, which will hopefully identify 
major environmental triggers of autoimmunity 
and T1D. TrialNet is a network of intervention 
studies, focused on prevention [95] through vac-
cine development, preservation of b-cell function 
[96], reduction of complications and, ultimately, 
curing the disease. Immunotherapies aimed at 
preventing b-cell destruction in T1D patients 
with residual c-peptide continue to be evalu-
ated  [97]. Whole-organ pancreas transplanta-
tion is effective in restoring and maintaining 
long-term glycemic control but it is associated 
with the risks of a major surgery and long-term 
immunosuppressive drug therapy. Islet cell trans-
plantation, on the other hand, does not carry the 
risks of significant surgery/general anesthesia and 
the exocrine pancreas remains intact [98]. Islet 
cell transplantation may be associated with less 
progression of microvascular complications than 
intensive insulin therapy [99]. However, limita-
tions to widespread use of islet cell transplanta-
tion include the risk of islet rejection and limited 
supply of islets for transplantation. 

The ‘artificial pancreas’ is the next major 
development in managing T1D. Both insulin 
pump therapy and CGMSs have benefits but 
combining these two technologies truly has 
the potential to revolutionize the treatment of 
T1D. A closed-loop system with communication 
between the two devices approximates an arti-
ficial pancreas. Insulin can be delivered accord-
ing to continuous glucose monitoring data, as 
directed by a control algorithm, rather than at 
preprogrammed rates. Investigators are now 
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moving from hospital-based to ambulatory stud-
ies and the hope is that these studies will support 
regulatory approval of these devices within the 
next decade. The potential benefits of a closed-
loop system for youths are an improvement in 
glycemic control and a reduction in the risk of 
hypoglycemia [100], which may alter the patient’s 
fear of glucose excursions (low and high) and 
therefore reduce the burden of living with T1D 
for patients and their families. 

In summary, there are various insulin regi-
mens, delivery systems and monitoring systems 
that can meet an individual’s needs and lifestyle 
in the USA. A multidisciplinary team consist-
ing of an endocrinologist, diabetes educator, 
registered dietitian, financial specialist, social 
worker and a mental health professional can 
assist patients and their families in developing 

an optimal, individualized diabetes care plan and 
in coping with the disease and addressing the 
various burdens of T1D. The team’s expertise 
can provide continuing support to keep patients 
and their families updated on the advances in 
diabetes care. 

Since multidisciplinary diabetes centers are 
not always easily accessible, it is essential that all 
providers caring for youth with T1D screen for 
barriers that patients may encounter, are aware of 
community resources that are available to address 
their struggles and act as advocates for their 
patients [201–217]. Providers should understand 
the typical stages of physical and psychological 
development and how these may impact diabe-
tes management [12]. Quarterly medical visits in 
conjunction with annual psychological and edu-
cational evaluations by providers with expertise 

Box 1. Role of providers in a multidisciplinary diabetes team†.

Medical (MD/DO/ARNP): every 3 months, yearly physician visit if managed by ARNP
�� Explanation of physiology/complications of T1D, insulin therapy
�� Physical examination/screening laboratories/HbA1c
�� Review/analysis of blood glucose logs
�� Initiation and continuing management of insulin therapy 
�� Provide refills of diabetes supplies

Diabetes education (ARNP/RD/CDE): yearly assessment and education or as needed
�� Teach diabetes management concepts:  

– Monitoring blood glucose 
– Use of blood glucose meters 
– Calculating insulin doses 
– Administering insulin/glucagon 
– Management of hypoglycemia/hyperglycemia/ketones 
– Dietary/exercise guidelines 
– Review goals of treatment/expectations

�� Medical nutrition therapy: counting carbohydrates, matching carbohydrates to insulin dose
�� Diabetes and technology education: insulin pump therapy, continuous glucose monitoring systems

Social work: yearly assessment or as needed
�� Psychosocial assessments and appropriate referrals
�� Support/education/community resource referrals for patients and families
�� Ensure access to insurance/medication coverage/follow-up care
�� Communication/collaboration with schools and other community providers/agencies
�� Events/diabetes camps
�� Transition to independent adult care 

Psychology/mental health: yearly assessment or as needed
�� Psychological assessment 
�� Anticipatory guidance on parenting a child with diabetes 
�� Anticipatory guidance on family sharing of diabetes tasks/transition to adult care
�� General and diabetes-specific coping skills 
�� Behavior plans for diabetes tasks when warranted
�� Psychological interventions when warranted (individual and/or family-based)

†Based on the structure of the multidisciplinary diabetes team at the University of South Florida Diabetes Center (FL, USA).
T1D: Type 1 diabetes.
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in diabetes are recommended to optimize the 
patient’s care plan (Box 1). Collaboration between 
healthcare providers and a multidisciplinary dia-
betes team can provide a level of support that 
is necessary throughout the patient’s lifetime. 
Finally, as diabetes treatment and technologies 
advance, patients will benefit from the medical, 
emotional or behavioral, and educational support 
to implement and integrate these new advances 
into their lives.
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