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Abstract: Adolescence, a critical period of physical and psychological development, presents unique
challenges in type 1 diabetes (T1D) management due to endocrinological changes, reduced therapeutic
adherence, and elevated susceptibility to psychological issues such as depression, anxiety, and eating
disorders. This narrative review explores the impact of psychological and behavioral factors on
glycemic control in adolescents with T1D. We examine the prevalence and influence of mental health
disorders, lifestyle factors, harmful behaviors, and social dynamics on diabetes management and
glycemic outcomes. Strategies for improving metabolic control are also reviewed, including cognitive
behavioral therapy, technological devices, and educational interventions. The importance of tailored
psychological support, family involvement, and targeted interventions to improve adherence to
treatment and glycemic control in adolescents with T1D should be emphasized.

Keywords: anxiety; automated insulin delivery; continuous glucose monitoring; depression;
diabulimia; eating disorders; pediatrics; time in range; psychological; substance abuse

1. Introduction

Type 1 diabetes (T1D) is a chronic metabolic disorder caused by the autoimmune
destruction of pancreatic β-cells, leading to the lack of endogenous insulin production
and requiring lifelong insulin replacement therapy [1]. T1D is the most common form of
diabetes in pediatric age, and one of the main chronic illnesses of childhood, accounting
for 651,700 children and adolescents worldwide affected by this condition in 2021, and a
predicted prevalence of 13.5–17.4 million in 2040, with a particular rise among low- and
lower-middle-income countries [2].

The management of T1D primarily involves intensive insulin regimens, which con-
sist of multiple daily injections or, given the recent advancements in diabetes technology,
insulin pump therapy. However, effective insulin treatment also requires ongoing educa-
tion, regular physical activity—which is crucial for reducing cardiometabolic risk—and
adherence to a balanced diet [3,4]. Dietary regimen should ensure the optimal intake
of all macronutrients, with carbohydrates accounting for approximately 40–50% of total
energy intake, fat for less than 35% (with saturated fats under 10%), and protein for 15–25%.
Greater flexibility in meal planning is achievable when insulin dosages are adjusted ac-
cording to carbohydrate intake, positively impacting both glycemic control and quality of
life [5].
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Managing diabetes can be particularly challenging during adolescence, a period
marked by rapid physical, sexual, and neurological maturation. This developmental stage
often brings psychological and behavioral issues that can compromise glycemic control [6].

Adolescents are more susceptible to psychological issues compared to other life stages,
experiencing a broad spectrum of emotional disorders such as depression, anxiety, and
mood disorders, as well as behavioral issues including attention deficit hyperactivity
disorder (ADHD) and oppositional defiant disorder, with the latter negatively impacting
social interactions when associated with antisocial behaviors [7]. The frequent misuse
of smartphones and of the internet further exacerbates psychological health risks for
adolescents by leading to negative impacts on self-esteem; sleep quality; increased anxiety,
depression, aggressiveness; and difficulties in social relationships with peers and family [8].
These factors, along with higher a Body Mass Index (BMI) and dissatisfaction with body
image, represent significant risk factors for eating disorders, especially among female
adolescents [9].

During adolescence, the desire of independence along with psychological stress may
lead to risky behaviors that increase the likelihood of diabetes-related complications. For
instance, secondary diabetic ketoacidosis can occur in subjects with already known T1D
who deliberately omit insulin administration and is frequently characterized by severe
presentation [10]. Moreover, prolonged diabetes duration and suboptimal glycemic control
can lead to early onset chronic complications such as retinopathy, nephropathy, peripheral
neuropathy, and cardiovascular autonomic neuropathy, contributing to morbidity and
mortality, and representing a substantial burden for caregivers [11].

Puberty and adolescence are characterized by rapid endocrinological changes that
result in an increase in insulin resistance, exposing individuals with diabetes to glycemic
decompensation and requiring frequent and dynamic adjustments of insulin therapy.
Additionally, diabetes-related complications such as dermatological reactions to therapeutic
tools can further negatively impact glycemic control and psychological well-being [12,13].
On the other hand, glucose homeostasis plays an important role in pubertal development,
and conditions such as menarche delay and menstrual irregularities are frequently observed
among youths with T1D [6].

Understanding behavioral and psychological issues of adolescents with T1D and their
impact on glycemic control is crucial for optimizing diabetes management in this complex
age group. The aim of this narrative review is to provide a comprehensive overview of
the clinical and psychological features of T1D during adolescence, adding to the existing
literature a complete summary of the main difficulties and their potential solution in T1D
management over the course of adolescence. By reviewing the existing literature, we
explored glucose control in adolescents with T1D, the psychological issues more commonly
affecting this population, and targeted strategies to improve glycemic control.

2. Psychological Issues in Adolescents with T1D

The management of T1D during adolescence can present significant challenges in
terms of psychological well-being. Although some studies suggest no clear evidence
of increased psychosocial problems in adolescents with T1D [14], the current literature
indicates an elevated risk of psychopathology in this population [6]. Higher rates of
depression (10–26%), anxiety (9–19%), eating disorders (8–30%), behavioral disorders
(12–20%), and substance abuse (25–50%) compared to the general population have been
reported. Risk factors include demographic features such as female sex, diabetes-specific
variables such as suboptimal glycemic control, and family functioning-related variables.
Additional risk factors involve less frequent blood glucose monitoring, associated with
poor treatment adherence. A family history of depression, particularly maternal depression,
and diabetes-specific family conflicts, which can cause stress to parents or caregivers, can
further reduce the psycho-emotional support provided by the family. These factors are
significant predictors of psychological disorders in adolescents with T1D [15].
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Anxiety and depression are among the most common mental disorders in young
people with T1D [16]. According to a qualitative study conducted by Rechenberg et al.,
significant contributors to the onset of anxious symptoms include everyday stressors such
as school and extracurricular activities, which can negatively impact sleep quality. The ad-
ditional responsibilities related to diabetes management, requiring time and attention, can
limit participation in normal daily activities, contributing to anxiety. Emotional factors such
as fear and worry, including the fear of hypoglycemia or fear of judgment when performing
self-management tasks in public, are identified by participants as diabetes-specific anxieties.
These are distinct from general anxiety, which is associated with poor sleep quality and
overall quality of life factors [17]. On the other hand, depressive symptoms appear to be
linked to factors such as the lack of acceptance of the diabetes diagnosis, difficulties in
managing the condition, perceived social isolation, uncertainty about the future, and fears
related to long-term complications and traumatic experiences such as severe hypoglycemic
episodes [18].

Adolescents with T1D, particularly females, are more vulnerable to eating disorders
compared to their non-diabetic peers. Several factors contribute to the increased risk of
eating disorders, including strict dietary control and the desire to maintain physical appear-
ance, often leading to the deliberate omission of insulin for weight loss [19]. Recognizing
eating disorders in people with diabetes can often be challenging. For instance, behaviors
such as insulin omission for weight control may be mistakenly interpreted as poor diabetes
management rather than indicators of an underlying eating disorder [20]. Family dynamics
strongly influence unhealthy weight control behaviors and disordered eating. Family cohe-
sion is inversely proportional to the likelihood of disordered eating behaviors, although no
significant correlations exist with other aspects of the family environment, such as control,
independence, and responsibility for diabetes management [21].

The complex management of diabetes also has implications within the school envi-
ronment. Adolescents with T1D are more vulnerable to bullying, not only by peers but
also by teachers, who may engage in discriminatory practices through verbal comments or
situations of discomfort. Victimization by teachers can negatively impact the psychological
well-being of youths, leading to anxiety, depression, and low self-esteem, as well as affect-
ing academic performance by negatively influencing motivation and academic outcomes,
creating a hostile and unwelcoming school environment [22]. Peer bullying can similarly
impact mental health and self-esteem. The psychological stress and social isolation result-
ing from bullying can affect social relationships and adaptation, compromising the quality
of life of teenagers with T1D [23].

Therefore, psychological care for adolescents with T1D is crucial. Cognitive behavioral
therapy (CBT) has shown great efficacy in reducing anxiety and depression symptoms by
helping young people with T1D identify and modify negative thoughts and dysfunctional
beliefs [24]. CBT also provides adaptive coping strategies aimed at stress reduction [25].
This approach has also been proven to be effective in improving therapeutic adherence, as
it enhances awareness and acceptance of the diabetes condition, leading to better glycemic
control and more consistent insulin administration [26]. Furthermore, CBT helps reduce
avoidance behaviors that can interfere with proper diabetes management by promoting
the development of self-efficacy [27]. Support groups can also be particularly beneficial for
young people with T1D and their families, allowing them to share similar experiences in
diabetes management, improving parental responsibility, and enhancing quality of life [28].

3. Factors Influencing Glycemic Control in Adolescents with T1D

A deterioration of glycemic control is frequently observed during adolescence due
to biological, psychological, and social factors that hinder optimal diabetes management
(Figure 1).
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Data from the Australasian Diabetes Data Network indicate suboptimal glycemic
control among 6329 teenagers and young adults with T1D, with only 12.3% achieving the
glycosylated hemoglobin (HbA1c) target of <7%. Higher HbA1c values were recorded
among females and subjects with longer diabetes duration. Conversely, lower HbA1c
values were associated with the attendance of pediatric diabetes facilities and with the use
of insulin pumps [29]. Another longitudinal cohort study on 76 individuals with T1D aged
11–18 years revealed a progressive increase in HbA1c levels during adolescence, peaking at
18–19 years of age, alongside a parallel increase in overweight rates [30].

The lack of therapeutic adherence represents a frequent barrier to achieving satisfactory
glucose control in adolescents with T1D. A retrospective cross-sectional study conducted
by Sohayla et al. found that adolescents with T1D who checked their blood or interstitial
glucose ≥ four times a day had lower HbA1c levels, while 97% of participants with
inconsistent glucose monitoring did not meet the HbA1c threshold of 7% [31]. On the other
hand, self-management skills along with the capacity of teenagers to complete tasks faster,
as assessed by the Self-Report Behavioral Automaticity Index, have been shown to improve
mean glucose levels in a cohort of 70 individuals with T1D [32].

Suboptimal glycemic control negatively affects several physiological processes typical
of adolescence, including menstrual regularity in females. Schroeder et al. found that 19%
of girls with T1D aged 10–18 years experienced menstrual disturbances, such as primary
amenorrhea, secondary amenorrhea, and oligomenorrhea. The study also identified a
strong association between higher HbA1c values and menstrual disturbances [33].

3.1. Dietary Habits

Dietary recommendations during adolescence should align with general healthy eating
principles applicable to all young people. The goals are to maintain an ideal body weight
in order to support optimal growth and prevent both acute and chronic complications [5].

Diet and macronutrient components significantly impact glycemic trends. A cross-
sectional study comparing the carbohydrate intakes of 712 adolescents with T1D to a
population of healthy individuals found that T1D subjects were more prone to consuming
a higher weekly number of meals and snacks and that total carbohydrate intake was
related to higher HbA1c values [34]. Similarly, a CGM analysis by Lejk et al. of a cohort of
26 adolescents found that a standard diet containing 50% carbohydrates was associated
with higher glucose variability compared to a low-carbohydrate diet (30%) [35]. Myśliwiec
et al., in a study on 20 male adolescents with T1D who were treated with insulin pumps,
found that most participants followed an unbalanced diet characterized by excessive
carbohydrate consumption [36].
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Nevertheless, the intake of other macronutrients, beyond carbohydrates, also has a
significant impact on postprandial glucose control. A randomized crossover trial involving
30 adolescents with T1D demonstrated that consumption of drinks high in fat led to a
significant increase in glucose levels 4 to 8 h after ingestion, compared to drinks with lower
fat content [37].

The mediterranean diet is strongly recommended for individuals with T1D due to
its proven benefits on glycemic control and cardiovascular risk [5]. A prospective clinical
intervention study analyzing the effects of switching to a mediterranean diet in 20 adoles-
cents with T1D revealed, after the reduction in carbohydrate intake and the increase in
monounsaturated fats, improvements in mean time in range from 52% to 63%, a decrease in
total daily insulin dose, and positive effects on cardiovascular risk factors such as diastolic
blood pressure and LDL cholesterol [38].

3.2. Physical Fitness

Physical exercise, by improving blood glucose levels, increasing insulin sensitivity, re-
ducing cardiovascular risk factors, and enhancing the overall quality of life, is a cornerstone
of T1D management [39]. However, adolescents with T1D often show reduced aerobic
exercise capacity compared to their healthy peers. Komatsu et al. found that 72 adolescents
with T1D had worse gas exchange variables and higher fatigability during a treadmill
test compared to a control group of healthy subjects [40]. This contributes further to the
difficulty to achieving glycemic recommended targets in this age group, as demonstrated by
a Jordanian study revealing a significant association between suboptimal glycemic control
and lower physical activity as expressed by metabolic equivalents per minute per week,
with only 14.8% of teenage participants achieving an HbA1c value ≤ 7.5% [41]. Similarly,
Qadir et al. demonstrated the HbA1c lowering effect of regular swimming on 40 male ado-
lescents, with a significant drop of HbA1c values after 10 weeks of a training program [42].
Conversely, a multicenter cross-sectional study found only a weak association between
exercise and metabolic control, and no relationship with BMI, hypoglycemia frequency, and
diabetic ketoacidosis [43]. The implications of physical activity on cardiovascular health of
people with T1D have been demonstrated since adolescence. An echocardiography-based
study revealed well-preserved left ventricular systolic and diastolic function among adoles-
cents with T1D with an adequate exercise capacity, even though ejection fraction values
were worse in subjects with longer disease duration [44].

3.3. Sleep Characteristics

Sleep routines are closely related to glucose patterns in subjects with T1D. Adolescents
often experience irregular sleep–wake rhythms due to common habits such as a nocturnal
social life and the excessive use of electronic devices. Jaser et al., in a study assessing
sleep quality of 159 adolescents through the Pittsburgh Sleep Quality Index, found an
average sleep duration of 7.4 h, insufficient according to pediatric recommendations, and a
correlation between lower sleep duration and worse glycemic control. Of note, individuals
on insulin pump therapy had longer sleep duration [45]. Another study identified sleep
duration as a modifiable factor influencing glycemic control, with poor sleep quality and
sleep duration variability significantly related to HbA1c values, frequency of blood glucose
monitoring, and average blood glucose levels [46]. Similarly, Schnurbein et al. confirmed
the association between sleep duration and HbA1c, identifying circadian misalignment as
a determinant of increased insulin requirements [47]. Furthermore, it has been proven that
sleep quality is associated with glucose variability, recently identified as an independent
risk factor for diabetes-related long-term complications [48,49].

3.4. Risky Behaviors and Substance Abuse

The management of T1D in adolescents is complicated by risky behaviors that may
have dangerous consequences. Education and support, regular counseling, and psychoso-
cial care and treatment to support the cessation of bad habits such as illicit drugs, alcohol,
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tobacco use, and vaping are crucial to achieving diabetes goals [39]. Recurrent hypo-
glycemia, as reported in a case series, may result from the voluntary administration of extra
insulin, with the purpose of consuming more carbohydrates or seeking attention [50].

A survey-based study by Snyder et al. examining the prevalence of substance use,
including alcohol, tobacco, illicit drugs, and insulin misuse among 60 adolescents with
T1D, found that 36.7% had consumed substances, whereas insulin misuse was reported by
19%. Older participants and individuals with depression were more prone to substance
use, while insulin misusers were mainly adolescents with disordered eating behaviors,
with one-third reporting self-harm intent. However, no connection was found between
glycemic control and these risky behaviors [51]. Conversely, a multicenter analysis on
29,630 subjects with T1D identified a notable association between alcohol consumption
and worse glucose control assessed by HbA1c values, severe hypoglycemia and diabetic
ketoacidosis [52]. Current evidence indicates that cannabis use among youths and young
adults with T1D, accounting for around 10–30%, is associated with higher HbA1c values
and increased diabetic ketoacidosis incidence, likely due to poorer self-management during
episodes of use [53].

3.5. Mental Health

Daily difficulties faced by adolescents, exacerbated by diabetes, directly influence
diabetes management, metabolic control, and HbA1c levels.

Anxiety plays a crucial role in metabolic control, beyond affecting cortisol levels in
adolescents with T1D [54], by predisposing them to greater emotional distress through
negative automatic thoughts and leading to a higher perception of stress and frustration
related to diabetes [55]. Anxiety may also have a negative effect on therapeutic adherence
due to fear of hypoglycemia, less frequent glucose monitoring, and limited coping strategies,
directly impacting HbA1c levels [56].

Depressive symptoms can also have a significant impact on T1D management and
glycemic control due to low motivation to follow prescribed therapies, such as regular
glucose monitoring and insulin administration, resulting in increased HbA1c levels [57].

Eating disorders also affect metabolic control in adolescents with T1D. Disordered
eating behaviors, such as an unbalanced and irregular diet or the practice of skipping or
reducing insulin doses to control weight, are associated with higher HbA1c levels [21]. This
practice, known as diabulimia, is linked to short- and long-term complications, including
abnormal lipid profiles, diabetic ketoacidosis, retinopathy, neuropathy, nephropathy, and
even higher mortality rates [58].

3.6. Social and School Environment

The social and school environment plays a fundamental role in diabetes management.
Stress levels reported by adolescents with T1D who have been bullied are associated with
long-term glycemic deterioration, and a relationship with the ability to manage diabetes
autonomously and correctly follow the therapeutic regimen has been demonstrated [23].
Teacher victimization of students can lead to poor adherence to diabetes treatment through
missed insulin administration or blood glucose monitoring, negatively affecting diabetes
management at school [22]. Hegelson et al., in a 11-year cohort study involving 132 adoles-
cents with T1D, found that parent social status, household structure, psychological distress,
friend conflict, unmitigated communion, and self-care behavior significantly impacted
HbA1c trajectories from early adolescence to adulthood [59].

4. Strategies to Improve Diabetes Management in Adolescents with T1D

Due to the presence of numerous factors hindering diabetes management and to the
substantial risks associated with diabetes during adolescence, targeted interventions aimed
at improving glycemic control are essential during this complex stage of life.

Healthcare education is an important measure for improving diabetes self-management
and glycemic outcomes. Significant benefits of an educational intervention on glycemic
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control and quality of life of 503 adolescents with T1D were demonstrated by Abolfotouh
et al. Improvements were observed in total knowledge, glucose monitoring, physical activ-
ity practice, treatment, self-efficacy, family involvement, glycemic control, and satisfaction
among subjects undergoing the educational intervention [60].

During the last decades, technologies have radically improved the standards of dia-
betes care. The introduction of continuous glucose monitoring (CGM) systems in clinical
practice, by providing real-time insights into glucose levels, have allowed more consistence
in glucose monitoring, with particular advantages for adolescents with diabetes. Laffel
et al., in a randomized clinical trial, demonstrated a beneficial effect of CGM use on a cohort
of 153 adolescents and young adults with T1D, assessed by improved HbA1c [61].

Insulin pumps, through their feature of simulating physiological basal insulin secre-
tion, have shown substantial benefits on glycemic outcomes compared to multiple daily
injection therapy [62]. Patch pumps are tubeless devices that present an improved wear-
ability compared to pumps with reservoir and, for this reason, are preferred by many
adolescents. A prospective observational study showed increased treatment satisfaction
score among adolescents using patch pumps compared to multiple daily injections therapy;
however, no significant difference in HbA1c was detected [63].

The recent introduction of automated insulin delivery (AID) systems represents a game
changer in T1D management, offering notably improved performances on glycemic control
compared to other treatment modalities and protection against hypoglycemia [64,65].
Isganaitis et al. demonstrated the efficacy and safety of AID systems in a randomized
controlled trial involving adolescents and young adults with T1D, showing better time
in range and reduced hypoglycemia rates after 6 months of use compared to sensor-
augmented pump systems [66]. The adoption of commands input via smartphone apps to
manage meal-time boluses and to adjust insulin delivery may further enhance the usability
and acceptability of AID systems among adolescents, as shown by a qualitative study on
teenager using the CamAPS system [67]. Timely and accurate carbohydrate counting is
required by AID systems currently available on the market. However, many adolescents
may encounter difficulties in performing this task, with consequent bolus omission or
underestimation. Adherence to insulin boluses at mealtime has a great impact on glycemic
control, as demonstrated by a study on 90 teenagers, showing that better adherence was
associated with lower HbA1c values [68]. The importance of accurate carb counting has
also been highlighted by Petrovski et al. in a clinical trial involving 34 adolescents with
T1D using a second-generation AID system, demonstrating better glycemic outcomes
among subjects performing precise carbohydrate counting compared to individuals using
a simplified meal announcement [69].

Another strategy that can be adopted is telemedical support, which has been proven
to be effective in improving glycemic control of people with diabetes. Rami et al., in a
crossover trial, evaluated the feasibility and the benefits of a telemedical support program
in adolescents with T1D, showing improved HbA1c levels during the intervention, with
prompt deterioration of glucose control after switching back to conventional support [70].

Several studies indicate that diabetes camps can bring benefits on glycemic control
by improving knowledge and independence in T1D management. A retrospective study
evaluating glycemic control of a cohort adolescents with T1D attending a diabetes camp
showed a decrease in HbA1c levels during the follow-up, with sustained benefits on glucose
control after 7 month and improvements on parental-reported adherence [71]. Additionally,
Santiprabhob et al. reported psychological advantages from attending a 5-day diabetes
camp in a group of 60 individuals. After a 6-month follow-up period, improvements
in HbA1c levels, self-reported knowledge about diabetes, and coping mechanisms were
observed [72].

Shared medical appointments represent another approach that could possibly contain
glycemic control decline during adolescence. A study involving 37 subjects with T1D
undergoing three shared medical appointments has shown improvements in quality of
life, school and psychosocial functions, and adherence and communication skills, with a
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reduction in barriers. However, no significant changes in HbA1c have been detected during
the study period [73].

As a possible strategy to improve treatment adherence, Wong et al. investigated
the effect of daily financial incentives on glucose monitoring and glycemic control in
90 adolescents with T1D and suboptimal glucose control, showing greater adherence but
no significant change in HbA1c [74]. A randomized controlled trial involving 92 subjects
investigated the usefulness of daily text message reminders at the time of insulin injections
in overcoming the lack of treatment adherence of adolescents with T1D with poor baseline
glycemic control. A significant decrease in HbA1c values after 6 months of text message
intervention was observed, with high self-reported satisfaction [75].

5. Conclusions

Managing T1D during adolescence may be often challenging due to the physical,
psychological, and behavioral changes, specific to this developmental stage, which may
interfere with effective diabetes management. Given the particular vulnerability to psycho-
logical issues, it is imperative to implement targeted interventions to support adolescents
facing mental health challenges, such as anxiety, depression, and eating disorders. These
interventions are crucial not only for preventing or managing psychological comorbidities
associated with diabetes but also because these conditions significantly impact diabetes
management. Comprehensive psychological assessments and appropriate interventions
can therefore benefit both the mental and physical health of adolescents with T1D.

To optimize treatment adherence in this population, strategies should focus on encour-
aging a healthy lifestyle, including balanced nutrition, regular physical activity, and proper
sleep hygiene. Recent advancements in diabetes technology have made recommended
glycemic targets more attainable for youths with T1D. Consequently, the use of CGM and
AID systems should be strongly encouraged in this population. Continuous health educa-
tion is also crucial to increase awareness about the condition and to discourage harmful
behaviors such as substances abuse.
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