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Abstract

Background: Type 1 diabetes mellitus (T1D) is an autoimmune disorder marked by B-cell destruction and absolute insulin
deficiency. Morbidity arises from acute events (hypoglycemia, DKA) and chronic micro-/macrovascular complications.
Optimal outcomes require interprofessional care integrating nursing, clinical pathology, and physiotherapy alongside insulin
therapy and diabetes technologies.

Aim: To synthesize contemporary evidence and practice recommendations on how nursing, laboratory monitoring, and
physiotherapy jointly mitigate T1D complications across the disease continuum.

Methods: Narrative critical review of clinical domains outlined in the article—epidemiology, pathophysiology, evaluation,
treatment/technology, hypoglycemia prevention, and team-based models—mapped to discipline-specific roles (nursing, clinical
pathology, physiotherapy). Core processes (screening, CGM integration, education, exercise prescription) were aligned with
outcome targets (HbA ¢, time-in-range, complication surveillance).

Results: Nursing-led education, triage, and adherence support reduced acute decompensation, improved device uptake, and
strengthened self-management. Clinical pathologists ensured diagnostic accuracy (autoantibodies, OGTT/HbAlc
standardization, C-peptide), longitudinal risk stratification, and complication screening (lipid profile, UACR, thyroid/celiac
panels). Physiotherapy optimized insulin sensitivity, functional capacity, and fall risk through individualized exercise and
neuropathy-aware gait/foot-care programs.

Conclusion: Complication reduction in T1D depends on coordinated insulin replacement, continuous glucose data, structured
education, and targeted rehabilitation—operationalized by nurses, pathologists, and physiotherapists within a shared-care
framework.

Keywords: Type 1 diabetes; nursing; clinical pathology; physiotherapy; hypoglycemia; DKA; CGM; insulin pump;

complications; interprofessional care

1. Introduction pathogenesis of T1D is highly complex and heterogeneous,
Type 1 diabetes mellitus (T1D) is a chronic involving metabolic, genetic, and immunogenetic
autoimmune disorder characterized by the selective determinants that vary significantly among individuals. Age-
destruction of insulin-producing pancreatic [-cells, related differences in disease presentation and progression
ultimately resulting in absolute insulin deficiency. The further underscore the need for a personalized therapeutic
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and management approach. A substantial genetic
predisposition exists in affected individuals, with specific
alleles of the human leukocyte antigen (HLA) complex
playing a pivotal role in susceptibility. Recognizing this
underlying genetic risk, the American Diabetes Association
(ADA) recommends that first- and second-degree relatives
of individuals with T1D undergo screening and autoantibody
testing to identify early markers of the disease and potential
risk of progression [1]. The natural history of T1D often
begins with the appearance of diabetes-related
autoantibodies, and individuals who develop multiple
autoantibodies are at a substantially increased risk of
progressing to overt clinical disease. The decline in insulin
secretory capacity can unfold gradually or, in some cases,
more abruptly, reflecting interindividual variability in -cell
destruction. The hallmark clinical manifestations at disease
onset include polyuria, polydipsia, and unintended weight
loss, all of which result from profound insulin deficiency and
subsequent metabolic dysregulation. However, the exact
clinical picture can vary widely. While children frequently
present with a more abrupt onset of symptoms, adults with
newly diagnosed T1D may exhibit a comparatively insidious
clinical course, often leading to diagnostic challenges and
initial misclassification as type 2 diabetes [1][2].

A particularly severe and potentially life-
threatening complication of early-onset T1D is diabetic
ketoacidosis (DKA), which remains more prevalent among
pediatric and adolescent populations at initial presentation
[2]. DKA arises from unchecked lipolysis and ketogenesis
secondary to severe insulin deficiency, and despite advances
in early recognition and treatment, it continues to represent
a significant clinical burden in this population. Importantly,
therapeutic innovations in recent years have aimed not only
at improving glucose regulation but also at delaying the
onset of clinical disease. The approval of disease-modifying
therapies for use in the early preclinical phases of T1D marks
a significant milestone, demonstrating the feasibility of
postponing disease progression [3]. Furthermore, ongoing
investigations into additional immune-modulating strategies
continue to hold promise for at-risk individuals, highlighting
the dynamic evolution of T1D research and treatment
paradigms. The effective management of TID is
multifaceted, requiring more than just insulin replacement.
A truly successful strategy necessitates a comprehensive,
interprofessional approach that integrates biomedical,
educational, and psychosocial components. Central to
management is exogenous insulin therapy, which remains
the cornerstone of treatment. However, optimal outcomes
are achieved only when this is complemented by diabetes
self-management education and ongoing support, tailored
nutritional interventions, and the systematic identification
and treatment of psychological comorbidities such as
diabetes distress, depression, and anxiety. These
psychosocial dimensions exert a profound influence on
adherence to therapy and overall quality of life, emphasizing
their centrality in the care continuum [1][2][3].
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Given the chronic and demanding nature of T1D,
a collaborative care model is strongly recommended. This
involves a wide range of healthcare professionals, each
contributing specialized expertise to different aspects of
care. Nurses, diabetes educators, and dietitians provide
essential training and day-to-day support for self-
management; pharmacists play an important role in
optimizing pharmacotherapy and ensuring medication
adherence; and mental health professionals address the
emotional and psychological challenges often associated
management.  Additional
involvement  of  podiatrists,  physical therapist,
ophthalmologists, cardiologists, and social workers is often

with  long-term  disease

necessary to provide comprehensive surveillance and care
for the diverse complications and comorbidities linked to
diabetes [4]. Community resources and support networks
also play an important role in facilitating sustained
adherence and reducing the burden of disease on individuals
and families. In conclusion, T1D represents a complex
autoimmune disease with diverse genetic and metabolic
underpinnings that necessitate a tailored, individualized
approach to care. The recognition of genetic susceptibility
and early autoantibody screening in at-risk relatives provides
opportunities for earlier intervention. Although clinical
manifestations and rates of disease progression vary, DKA
remains a common initial complication, particularly in
younger populations. Advances in disease-modifying
therapies are reshaping the management landscape by
delaying the onset of overt diabetes, while comprehensive,
interprofessional strategies remain the foundation of long-
term care. By integrating medical, educational,
psychological, and social resources, healthcare systems can
optimize outcomes and improve the quality of life for
individuals living with T1D [4].

Etiology and Pathogenesis of Type 1 Diabetes

Type 1 diabetes mellitus (T1D) is a chronic
autoimmune disease in which the immune system selectively
destroys insulin-producing f-cells of the pancreatic islets of
Langerhans, ultimately leading to absolute insulin
deficiency [5]. The progression toward overt disease
generally unfolds over months to years and follows a staged
pattern. Initially, individuals remain asymptomatic, despite
the initiation of autoimmune processes. This preclinical
phase involves gradual B-cell dysfunction until the residual
capacity to produce insulin is insufficient to meet metabolic
demands. At this point, symptomatic hyperglycemia
emerges, marking the clinical onset of diabetes. Classic
manifestations such as polyuria, polydipsia, weight loss, and
fatigue appear only after extensive B-cell destruction has
occurred [4]. Although the fundamental mechanism driving
B-cell loss is immune-mediated autoimmunity, T1D
develops only in individuals who carry a genetic
predisposition and in whom environmental triggers initiate
the pathogenic cascade. Thus, the etiology of TID is
multifactorial, involving a complex interplay of genetic
susceptibility, environmental influences, and autoimmunity

[4105]-
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Genetic Associations of Type 1 Diabetes

The precise cause of T1D remains incompletely
defined; however, genetic predisposition plays a central role.
The strongest genetic risk factors are found within the
human leukocyte antigen (HLA) region, particularly alleles
of the HLA class II molecules DR and DQ. These genes
encode proteins essential for antigen presentation to T
lymphocytes, thus directly influencing immune recognition
and regulation. Collectively, HLA genes contribute to nearly
40% of familial clustering observed in T1D [6]. Among the
many identified HLA genotypes, the class Il DRB1, -DQAI,
and -DQBI loci exert the most pronounced impact on risk.
Specifically, haplotypes DR4-DQ8 and DR3-DQ2 are
overrepresented in patients with T1D, with reports indicating
that approximately 90% of children with T1D carry one or
both of these allelic combinations [6]. These findings
underscore the substantial genetic predisposition conferred
by HLA polymorphisms. Nevertheless, T1D does not
exclusively occur in individuals with a family history. While
the lifetime risk is markedly increased in close relatives of
affected patients, particularly siblings and offspring, the
majority of new cases arise sporadically in those without a
known familial background of diabetes or other autoimmune
conditions [7]. This paradox illustrates the complexity of
T1D genetics, where a strong but non-exclusive hereditary
component interacts with non-genetic contributors. Beyond
the HLA system, numerous additional genetic loci have been
implicated in TI1D susceptibility, many of which are
associated with immune regulation, cytokine signaling, and
B-cell biology. Examples include polymorphisms in the
insulin gene (INS), protein tyrosine phosphatase non-
receptor type 22 (PTPN22), and cytotoxic T lymphocyte—
associated antigen 4 (CTLA4). While individually these
genes contribute more modestly compared to HLA,
collectively they reinforce the polygenic nature of T1D
heritability [8]. Because of the strong familial aggregation,
screening programs have been developed to identify high-
risk individuals, particularly among first-degree relatives.
Genetic testing and autoantibody screening in such
populations offer an opportunity to predict disease risk,
enroll individuals in prevention trials, and implement
monitoring strategies to reduce the risk of life-threatening
diabetic ketoacidosis at disease onset.

Environmental Risk Factors

Although genetic predisposition is essential, it is
insufficient on its own to account for the development of
T1D. Environmental factors serve as critical triggers that
initiate or accelerate the autoimmune destruction of B-cells
in genetically susceptible individuals. Viral infections have
historically been implicated as key contributors.
Epidemiological and experimental studies suggest
associations between TI1D onset and infections with
Coxsackievirus, enteroviruses, cytomegalovirus, rubella,
influenza B, and mumps [9][10]. More recently, interest has
emerged regarding a potential role of SARS-CoV-2
infection in unmasking or precipitating autoimmune
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diabetes, further emphasizing the role of viral antigens in
initiating aberrant immune responses [11]. The precise
mechanisms by which viral infections contribute to B-cell
autoimmunity remain debated. Hypotheses include
molecular mimicry, in which viral peptides resemble -cell
antigens and stimulate autoreactive T cells; direct cytolytic
effects on B-cells; and bystander activation of the immune
system, leading to collateral B-cell damage. Other
environmental factors beyond viral exposure have also been
implicated. Prenatal and perinatal influences, including
maternal age, birth weight, and delivery method, have been
investigated as potential modifiers of T1D risk. Early dietary
exposures, particularly the introduction of cow’s milk
proteins and cereal grains during infancy, have been
associated with altered immune responses and may play a
role in shaping susceptibility. Similarly, rapid weight gain in
infancy and early childhood, as well as childhood obesity,
may enhance metabolic stress on B-cells, further
exacerbating immune-mediated injury. The potential impact
of childhood vaccinations on T1D risk has been explored,
though large-scale epidemiological studies have largely
failed to establish a consistent causal link. Nonetheless, the
interplay of diet, infection, and immune development in
early life continues to be an area of active investigation.
Current research efforts aim to clarify how these
environmental exposures interact with genetic susceptibility
to tip the balance toward autoimmunity [10][11].

Autoimmunity
The defining feature of T1D is immune-mediated
destruction of pancreatic B-cells. This autoimmune attack is
characterized by both cellular and humoral immune
responses directed against B-cell antigens. Central to the
diagnosis and prediction of T1D is the detection of diabetes-
associated autoantibodies.
Autoantibodies frequently target specific B-cell antigens,
including:
e Islet cell cytoplasmic antigens (ICA)
e Insulin IAA)
®  Glutamic acid decarboxylase isoform 65
(GADG65)

e Insulinoma-associated antigen 2 / islet antigen
tyrosine phosphatase 2 (IA-2)
e  Zinc transporter isoform 8 (ZnT8)

Each autoantibody provides unique insights into
the immunopathogenesis of T1D. For example, insulin
autoantibodies are most frequently detected in children,
often preceding other markers of autoimmunity [12]. In
contrast, glutamic acid decarboxylase (GADG65) antibodies
are more commonly observed in adults and remain the most
prevalent marker in this population [13]. IA-2 and ZnT8
antibodies, though less common, provide additional
diagnostic value when present, particularly in distinguishing
T1D from type 2 diabetes or monogenic forms of diabetes.
Importantly, the presence of a single autoantibody conveys
limited predictive value, as it may occur transiently without
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progression to overt diabetes. However, the detection of
multiple autoantibodies substantially increases the
likelihood of progression to clinical T1D. Furthermore,
higher antibody titers are correlated with more rapid disease
progression, emphasizing their role in risk stratification. The
autoimmune destruction of B-cells involves not only
autoantibodies but also T-cell mediated cytotoxicity. CD4+
and CD8+ T lymphocytes infiltrate the islets (a process
known as insulitis), producing proinflammatory cytokines
such as interferon-y, tumor necrosis factor-o, and
interleukin-1p, which further perpetuate -cell apoptosis.
Thus, while autoantibodies serve as markers of immune
activation, the actual destruction of B-cells is primarily
mediated by autoreactive T cells [12].

The etiology of type 1 diabetes is best understood
as the consequence of a multifactorial process in which
genetic predisposition, environmental influences, and
immune dysregulation converge to produce [-cell
destruction and subsequent insulin deficiency. Genetic
studies highlight the dominant role of HLA alleles,
particularly DR4-DQ8 and DR3-DQ2, in conferring risk,
though numerous other loci contribute to the polygenic
susceptibility. Environmental exposures, especially viral
infections, play a pivotal role in initiating or amplifying the
autoimmune process. Additional factors such as diet,
perinatal influences, and early childhood exposures are
likely to modulate disease risk. Ultimately, the hallmark of
T1D is the autoimmune attack on B-cells, evidenced by the
presence of characteristic autoantibodies and T-cell
mediated insulitis. Understanding these interrelated
mechanisms is essential not only for elucidating disecase
pathogenesis but also for developing predictive tools and
novel preventive strategies. With continued advances in
genetics, immunology, and epidemiology, there is hope for
more precise identification of at-risk individuals and for
interventions that may halt or delay the onset of clinical
diabetes [12].

Epidemiology

Type 1 diabetes mellitus (T1D) is among the most
prevalent chronic illnesses encountered in childhood,
although it is not confined to this age group and may present
at any stage of life. The disease typically manifests with
more severe clinical features in younger populations,
particularly in children and adolescents. These include
profound symptomatic hyperglycemia and, in many cases,
diabetic ketoacidosis (DKA), which frequently represents
the first indication of the disease in pediatric patients. By
contrast, adults with new-onset T1D often demonstrate a
more insidious clinical course, which increases the
likelihood of misclassification as type 2 diabetes (T2D).
Such diagnostic challenges can delay appropriate
management.  Nevertheless,  epidemiological  data
consistently reveal that T1D diagnosed in childhood and
adolescence remains more common than adult-onset disease
[14]. Gender distribution of T1D has been a subject of
epidemiological investigation. While autoimmune disorders
in general tend to disproportionately affect women, T1D
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demonstrates a modest male predominance, suggesting that
its pathogenesis may be influenced by mechanisms distinct
from those underlying other autoimmune conditions [14].
This observation highlights the complex and multifactorial
nature of T1D epidemiology, where genetic predisposition,
immune function, and environmental exposures all interact
to shape population-level patterns. Over the past several
decades, both the incidence and prevalence of T1D have
exhibited a steady upward trajectory, rendering the condition
an increasingly significant global public health concern.
Current estimates suggest that T1D accounts for
approximately 5% to 10% of all diagnosed cases of diabetes
worldwide, underscoring its importance as a distinct disease
entity within the broader spectrum of diabetes mellitus [15].
Despite advances in early diagnosis and disease monitoring,
the rising number of cases points to shifting environmental
or lifestyle-related factors that may amplify the risk in
genetically susceptible individuals [14][15].

A comprehensive systematic review and meta-
analysis has reported that the global prevalence of T1D is
9.5%, with an estimated incidence of 15 cases per 100,000
individuals annually [15]. These figures provide a
consolidated overview of the worldwide burden of disease,
though the substantial heterogeneity observed between
regions underscores the influence of geographical, genetic,
and environmental determinants. Importantly, the findings
emphasize that T1D is not distributed evenly across
populations but instead follows distinct patterns influenced
by both latitude and population genetics. Marked geographic
variation in T1D incidence represents one of the most
striking features of its epidemiology. Northern European
countries, particularly Finland, consistently report the
world’s highest rates of T1D. Incidence in these regions is
estimated to be up to 400 times greater than in areas with the
lowest reported rates, such as China and Venezuela [15]. The
reasons behind such dramatic disparities remain
incompletely understood but likely involve complex
interactions  between  genetic  susceptibility  and
environmental exposures, including viral infections, dietary
factors, and regional differences in healthcare infrastructure
and diagnostic practices. Furthermore, variations in the
timing and intensity of environmental triggers during early
childhood may contribute to this global gradient of disease
risk [15].

These epidemiological trends carry significant
clinical and public health implications. In regions with high
incidence, healthcare systems must prioritize early detection,
public awareness, and structured diabetes care models to
mitigate the risk of severe metabolic decompensation at

—-

presentation, especially among children. In contrast,
regions with historically lower incidence, such as parts of

n

Asia and South America, emerging evidence suggests that
incidence rates are beginning to rise. This observation
indicates that the global burden of T1D may be shifting,
warranting  longitudinal surveillance and continued
investigation into environmental and lifestyle changes that
could underlie this increase. In conclusion, T1D remains one
of the most common chronic diseases in childhood, though
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it spans all age groups and shows variation in clinical
severity depending on age at onset. While incidence and
prevalence continue to rise globally, the disease
demonstrates significant heterogeneity across regions, with
the highest rates in Finland and other Northern European
countries and the lowest in China and Venezuela. The
modest male predominance in T1D contrasts with the female
preponderance observed in most autoimmune diseases,
underscoring  its  unique  pathophysiological and
epidemiological profile [14][15]. These findings highlight
the importance of ongoing global monitoring, early detection
strategies, and tailored public health interventions to address
the diverse and evolving landscape of T1D worldwide
[14][15].

Pathophysiology

The pathophysiological evolution of type 1
diabetes mellitus (T1D) represents a gradual process
occurring in genetically predisposed individuals who
develop immune-mediated destruction of pancreatic B-cells.
This natural history has been broadly categorized into three
stages, each reflecting a transition from silent autoimmunity
to overt clinical disease. The classification of these stages
has proven to be critical in understanding the disease
process, distinguishing it from other forms of diabetes, and
providing opportunities for early detection and therapeutic
intervention. The first stage, known as the preclinical phase,
is characterized by the initiation of autoimmune [-cell
destruction and insulitis. During this period, there is
immune-mediated infiltration of pancreatic islets, composed
of autoreactive T lymphocytes, B cells, and macrophages,
which target and progressively destroy insulin-producing f3-
cells. Despite these pathological changes, metabolic control
remains intact, with individuals demonstrating normal
fasting glucose, preserved glucose tolerance, and the
absence of clinical symptoms. The defining feature of this
stage is the presence of at least two islet-specific pancreatic
autoantibodies, such as insulin autoantibodies (IAA),
glutamic acid decarboxylase isoform 65 (GADGS5),
insulinoma-associated antigen 2 (IA-2), or zinc transporter
isoform 8 (ZnT8). The coexistence of multiple
autoantibodies strongly predicts future progression to
diabetes. Importantly, individuals in Stage 1 remain
asymptomatic, but the detection of these immunological
markers provides a crucial opportunity for identifying those
at high risk for future disease [16].

Progression to the second stage reflects a
significant loss of B-cell function and heralds the onset of
dysglycemia. At this point, insulin secretory capacity is
insufficient to fully maintain glucose homeostasis, resulting
in measurable but asymptomatic metabolic abnormalities.
Diagnostic markers of this stage include impaired fasting
glucose, with values ranging from 100 to 125 mg/dL,
impaired glucose tolerance, defined by a two-hour plasma
glucose level of 140 to 199 mg/dL after a 75 g oral glucose
load, or glycated hemoglobin (HbAlc) between 5.7% and
6.4%. While patients in Stage 2 remain clinically
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asymptomatic, the presence of both autoantibodies and
dysglycemia indicates that the autoimmune process has
substantially progressed. The duration of this stage is highly
variable: some individuals may remain in Stage 2 for years,
while others advance rapidly to symptomatic diabetes.
Factors influencing the rate of progression include age at
onset, genetic background, and the intensity of autoimmune
activity. Stage 3 represents the clinical onset of T1D, where
overt symptomatic hyperglycemia develops due to profound
insulin deficiency. At this stage, the diagnostic criteria for
diabetes are fulfilled. These include random glucose
concentrations of at least 200 mg/dL in the presence of
typical symptoms, fasting plasma glucose of at least 126
mg/dL, two-hour plasma glucose of at least 200 mg/dL
following a 75 g oral glucose tolerance test, or HbAlc levels
equal to or greater than 6.5%. Classic clinical manifestations
of new-onset T1D include polyuria, polydipsia, polyphagia,
unintended weight loss, fatigue, and generalized weakness.
In children, the presentation is frequently acute and
dramatic, with many patients developing life-threatening
diabetic ketoacidosis (DKA) if diagnosis and treatment are
delayed [15][16].

DKA is a metabolic emergency that arises from
unchecked hyperglycemia, lipolysis, and ketogenesis in the
absence of adequate insulin. It is defined by the triad of
hyperglycemia, ketonuria, and electrolyte imbalances
leading to metabolic acidosis. Clinically, patients may
exhibit polyuria, polydipsia, rapid weight loss, fruity-
smelling breath from acetone, nausea, vomiting, abdominal
pain, lethargy, and in severe cases, progression to coma.
Laboratory investigations typically reveal hyperglycemia,
metabolic acidosis with low bicarbonate, elevated anion gap,
and significant disturbances in potassium and sodium levels.
Management of DKA requires urgent hospitalization, often
in an intensive care setting, where treatment involves
intravenous fluids, continuous insulin infusion, careful
potassium replacement, and close monitoring to prevent
complications such as cerebral edema. The incidence of
DKA at presentation varies widely, with reports indicating
rates between 15% and 70% in children [16]. These
variations reflect differences in disease awareness,
healthcare access, and screening practices across
populations. In adults, the onset of T1D tends to be more
heterogeneous, with a clinical presentation that is often less
acute than in children. Many adults develop hyperglycemia
insidiously and are less likely to be present with DKA at the
time of diagnosis. Instead, they may initially be misclassified
as having type 2 diabetes due to age of onset or the presence
of risk factors such as overweight or obesity. This diagnostic
challenge frequently results in delays in appropriate therapy,
as insulin therapy may not be initiated promptly. For this
reason, antibody testing is a vital tool in adults with
suspected autoimmune diabetes. Testing for GAD65
autoantibodies is typically the first step, as these are the most
frequently observed in adult-onset T1D. If GADG6S5 is
negative or unavailable, additional markers such as IA-2 or
ZnT8 should be measured [16].
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C-peptide measurements can also aid in
distinguishing T1D from type 2 diabetes. C-peptide is a
byproduct of endogenous insulin production and serves as a
marker of residual B-cell function. In patients with T1D, C-
peptide levels are inappropriately low or undetectable in the
context of hyperglycemia, reflecting impaired insulin
secretion. Conversely, elevated insulin and C-peptide levels
in the setting of hyperglycemia are more consistent with type
2 diabetes, where insulin resistance rather than absolute
deficiency predominates. Thus, the combination of
autoantibody testing and C-peptide measurement provides a
reliable diagnostic approach for differentiating between T1D
and T2D in adults. In summary, the pathophysiology of T1D
is characterized by a progressive autoimmune assault on
pancreatic B-cells, moving from a silent preclinical stage
through asymptomatic dysglycemia to the clinical onset of
symptomatic diabetes. While children frequently present
dramatic metabolic disturbances such as DKA, adults more
often experience a slower, more insidious disease course,
which complicates diagnosis. The staging model of T1D
offers valuable insights into disease biology and emphasizes
the importance of early identification and intervention.
Laboratory evaluation, including antibody screening and C-
peptide measurement, plays a pivotal role in distinguishing
T1D from other forms of diabetes and ensuring that
appropriate insulin therapy is initiated in a timely manner
[16].

History and Physical

Following the initial diagnosis and acute medical
stabilization of type 1 diabetes mellitus (T1D), the emphasis
of patient care shifts toward long-term management and
comprehensive evaluation. The primary goals of this phase
are to achieve and sustain optimal glycemic control, prevent
both acute and chronic complications, and deliver diabetes-
specific education to patients and their families. In children
and adolescents, these aims must be balanced with the
preservation of normal growth and developmental
trajectories, while in adults the emphasis often extends to
improving overall quality of life and psychosocial well-
being. Central to these goals is the role of structured
education, delivered by an interprofessional team, which
empowers patients and caregivers with the skills necessary
for self-management of this chronic condition. It is
important for clinicians to emphasize that glycemic control
is not solely dependent on insulin therapy but is influenced
by a complex interplay of lifestyle choices, psychosocial
factors, and adherence to care strategies. Engaging the
patient and family as active participants in care planning
ensures greater adherence and long-term disease control. At
the initial outpatient encounter, a detailed and systematic
medical history is required to establish a baseline
understanding of the patient’s health status, prior treatment
experiences, and potential risk factors. Clinicians should
document the date of diagnosis and the circumstances under
which it occurred, such as whether the individual is
presented with severe hyperglycemia, diabetic ketoacidosis,
or a more insidious onset. A thorough review of prior
therapies, including the type and method of insulin
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administration, frequency of blood glucose and ketone
monitoring, and familiarity with hypoglycemia management
strategies, should be obtained. It is equally critical to assess
the patient’s knowledge of “sick day rules,” which guide
insulin and fluid adjustments during intercurrent illnesses, as
these are essential for preventing acute decompensations.
Furthermore, the history must capture prior episodes of acute
complications such as recurrent severe hypoglycemia or
ketoacidosis, as well as any evidence of chronic
complications  including dermatological conditions,
periodontal disease, diabetic retinopathy, neuropathy,
nephropathy, cardiovascular disease, peripheral arterial
disease, stroke, and foot complications. Such information
provides valuable insight into both disease trajectory and
educational needs [15][16][17].

The family history also plays a vital role in the
evaluation, particularly given the autoimmune basis of T1D.
A careful review should document a history of diabetes or
other autoimmune conditions among first- or second-degree
relatives, including autoimmune thyroid disease, celiac
disease, and pernicious anemia. In women of childbearing
age, reproductive history—including menstrual regularity,
pregnancy history, and contraceptive use—should be
reviewed, as these factors have implications for glycemic
management and long-term planning. Psychosocial history
is equally important, as living with T1D often places
considerable emotional and social stress on both patients and
their families. Understanding the patient’s educational level,
health literacy, and support system can help tailor
communication and management strategies to individual
needs. The evaluation should extend to psychosocial and
behavioral domains, as these exert substantial influence on
disease management. Standardized tools such as the Patient
Health Questionnaire (PHQ-2 or PHQ-9) for depression and
the Generalized Anxiety Disorder questionnaire (GAD-7)
are valuable instruments for screening psychological
distress. Beyond depression and anxiety, diabetes-specific
distress—a unique emotional burden related to the daily
demands of the disease—should also be assessed. Eating
disorders, which are particularly prevalent in young women
with T1D, represent an important risk factor for poor
metabolic control and must be actively screened for during
clinical interviews. Similarly, early cognitive decline has
been reported in adults with long-standing T1D, warranting
the consideration of cognitive testing if impairment is
suspected. The evaluation of social determinants of health,
including access to healthcare, financial constraints, and the
availability of community resources, further helps clinicians
identify barriers to care and address them proactively [17].

The physical examination forms an essential
counterpart to the medical and psychosocial history,
allowing clinicians to identify early complications and risk
factors that may otherwise go unnoticed. A comprehensive
examination should be performed, with particular attention
given to the lower extremities. The diabetes foot
examination is indispensable for detecting early signs of
peripheral neuropathy, vascular insufficiency, and structural
abnormalities. Clinical findings such as foot deformities,



284 Hisham Yahya Alghamdi et.al.

pre-ulcerative lesions, calluses, fungal nail infections, or
early ulcerations provide an opportunity for preventive
interventions before more serious complications, including
infections and amputations, develop. Assessment of
protective sensation using a 10-g monofilament is especially
important, as abnormalities are predictive of increased risk
for ulceration. Supplementary evaluation of vibratory
sensation with a tuning fork further aids in the detection of
neuropathy. Skin examination should not be neglected,
particularly at insulin injection or infusion sites. Repeated
injections at the same site may lead to lipohypertrophy or
lipoatrophy, both of which interfere with insulin absorption
and glycemic control. The identification of such
abnormalities should prompt clinicians to educate patients
on the importance of site rotation, ensuring more consistent
insulin delivery and preventing long-term complications.
Other dermatological findings, such as acanthosis nigricans
or chronic skin infections, may provide additional clues
about  comorbidities and  disease = management
[14][15][16]1[17].

Given the elevated risk of comorbid autoimmune
disorders, clinicians should include screening for conditions
such as autoimmune thyroid disease and celiac disease as
part of the initial assessment. Thyroid function tests and
serological screening for celiac disease may be indicated,
particularly in the presence of suggestive symptoms or a
positive family history. Identifying and managing these
comorbidities is critical, as they can exacerbate the
challenges of glycemic control and impact quality of life. In
summary, the history and physical examination of a patient
with T1D extend far beyond the immediate diagnosis and
stabilization of hyperglycemia. They represent an
opportunity to build a comprehensive profile of the
individual’s medical, psychosocial, and behavioral health,
which in turn guides the formulation of a personalized care
plan. Through detailed exploration of prior education,
treatment experiences, and complication history, clinicians
can identify gaps in knowledge and areas for intervention.
Equally, the physical examination provides a means of
detecting early complications and reinforcing preventive
care practices. By incorporating psychosocial assessment,
screening for comorbidities, and education on lifestyle
modifications, healthcare providers can not only optimize
glycemic control but also enhance the long-term well-being
and quality of life of individuals living with T1D [16].

Complications of Type 1 Diabetes

Type 1 diabetes mellitus (T1D) is a chronic
autoimmune condition characterized by absolute insulin
deficiency, requiring lifelong insulin therapy. Despite
advances in treatment, patients remain vulnerable to a
spectrum of acute and chronic complications arising from
persistent hyperglycemia and glycemic variability. These
complications not only influence morbidity and mortality
but also substantially impact quality of life, emphasizing the
importance of early detection, prevention, and
comprehensive management. Acute complications represent
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immediate threats to health and are largely related to
imbalances in insulin therapy, glucose control, or
intercurrent illness. Diabetic ketoacidosis (DKA) is the most
serious acute complication, particularly common at disease
onset in children and adolescents. It arises from severe
insulin deficiency, leading to hyperglycemia, lipolysis,
ketone production, and metabolic acidosis. Clinical
manifestations include polyuria, polydipsia, abdominal pain,
nausea, vomiting, fruity-smelling breath, and, in severe
cases, altered consciousness or coma. DKA is a leading
cause of hospitalization and mortality in young patients with
T1D. Severe hypoglycemia is another acute complication,
resulting from insulin excess relative to glucose availability.
It may present with neuroglycopenic symptoms such as
confusion, seizures, or loss of consciousness, posing risks of
injury and sudden death if unrecognized. These acute
complications highlight the delicate balance required in
insulin therapy and the importance of patient education on

glucose monitoring and sick-day management [17].
Diabetic stroke

« Neurovascular

Diabetic neuropa

« Newroprotection

Diabetic nephropathy

B « Repoir domoged vascular
system

* Reduced vascular
permeabiity

* Reduce lipid peroxidation

« Reduce proteinuria
« Antiinflammatory, reduce cell

Diabetic wound healing

« Promote cell proiferation 1

« Reduce collagen
area.

Peripheral vascular disease]

* Promote
angiogenesis

« Immunomodulation

« Cytokine

production

« Anglogenesis promotion

« Immunomodulatory, ant)
inflammatory

* Secrete cytokines 10 repair

domaged cells

Figure-1: Diabetes-related complications.

Beyond acute threats, chronic microvascular
complications are among the most significant long-term
consequences of TI1D. Chronic hyperglycemia drives
structural and functional damage to small blood vessels,
particularly in the retina, kidneys, and peripheral nerves.
Diabetic retinopathy remains a leading cause of blindness
among working-age adults. It progresses from
nonproliferative stages characterized by microaneurysms
and hemorrhages to proliferative disease  with
neovascularization and risk of vitreous hemorrhage or retinal
detachment. Regular ophthalmologic screening is therefore
essential for early detection. Diabetic nephropathy arises
from glomerular basement membrane thickening and
mesangial expansion, progressing from microalbuminuria to
overt proteinuria and, ultimately, end-stage renal disease. It
represents one of the most serious complications of T1D,
often necessitating dialysis or transplantation. Diabetic
neuropathy affects both sensory and autonomic nerves,
producing peripheral symptoms such as numbness, tingling,
and pain, as well as autonomic dysfunction manifesting as
gastroparesis, erectile  dysfunction, or orthostatic
hypotension. Neuropathy significantly increases the risk of
foot ulcers and amputations, particularly when combined
with peripheral arterial disease [17].
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In addition to microvascular damage,
macrovascular complications are increasingly recognized as
major causes of morbidity and mortality in T1D. Patients
with long-standing disecase are at heightened risk for
atherosclerosis, leading to premature cardiovascular disease,
including myocardial infarction, stroke, and peripheral
arterial disease. This increased risk is partly attributable to
chronic hyperglycemia but is also influenced by comorbid
factors such as hypertension, dyslipidemia, and chronic
inflammation. Cardiovascular disease has become the
leading cause of death in adults with T1D, underscoring the
importance of aggressive risk factor modification.
Complications in T1D also extend beyond vascular damage.
Patients are predisposed to a range of dermatological
manifestations, such as lipohypertrophy at insulin injection
sites, necrobiosis lipoidica, and increased susceptibility to
infections. Oral health is also affected, with periodontal
disease occurring more frequently in individuals with poorly
controlled diabetes. Furthermore, autoimmune
comorbidities such as thyroid disease and celiac disease can
complicate glycemic control and overall health outcomes,
making regular screening for these conditions essential.
Cognitive decline has been increasingly reported in adults
with long-standing T1D, thought to result from chronic
exposure to glycemic extremes and microvascular brain
injury. In conclusion, the complications of T1D encompass
a wide range of acute and chronic sequelae that affect
multiple organ systems. While acute complications such as
DKA and severe hypoglycemia require immediate
recognition and intervention, chronic complications—
including retinopathy, nephropathy, neuropathy, and
cardiovascular disease—pose lifelong challenges that
significantly influence prognosis. The prevention of these
outcomes relies heavily on maintaining optimal glycemic
control, implementing regular screening protocols,
addressing comorbid risk factors, and providing ongoing
patient education. Comprehensive, multidisciplinary care
therefore remains central to reducing the burden of T1D
complications and improving both life expectancy and
quality of life for affected individuals [17].

Evaluation and Role of Clinical Pathologists:

Patients with T1D can present with classic
symptoms of new-onset diabetes, such as polyuria,
polydipsia, lethargy, and weight loss. These individuals may
also present more acutely with DKA. Other clinical
manifestations include acute visual disturbances, perineal
candidiasis, or, in some adults, an initial misdiagnosis of
T2D before correctly identifying T1D. Diabetes may be
diagnosed using plasma glucose criteria, such as fasting
plasma glucose or postprandial glucose during a 75-g oral
glucose tolerance test (OGTT), or based on HbAlc levels.
Diagnostic criteria for diabetes include the following:

e  Fasting plasma glucose of at least 126 mg/dL on
more than 1 occasion

e Random plasma glucose of at least 200
mg/dL with classic symptoms of hyperglycemia
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e  Plasma glucose of at least 200 mg/dL measured 2
hours after a 75-g OGTT
e  HbAIC level of at least 6.5% [17]

In the absence of unequivocal hyperglycemia, the
diagnosis is confirmed based on 2 abnormal test results.
Once the diagnosis of diabetes is confirmed, distinguishing
between T1D and other forms of diabetes, mainly T2D, is
critical. These conditions may be differentiated based
on clinical presentation and laboratory studies, including
testing for T1D pancreatic autoantibodies and stimulated C-
peptide levels, with the latter measuring pancreatic -cell
function. T1D pancreatic antibodies include ICA, TAA,
GADG65, 1A-2, and ZnT8. Most patients with T1D have 1 or
more positive T1D antibodies at the time of diagnosis
[17]. Evaluating glycemic control by checking HbAlc
levels is recommended every 3 months during each follow-
up visit. Other laboratory tests that should be conducted, if
not performed within the past year, include a lipid profile,
serum creatinine, spot urinary albumin-to-creatinine ratio,
liver function tests, thyroid-stimulating hormone, complete
blood count with platelets, and serum potassium—especially
if the patient is also taking an angiotensin-converting
enzyme inhibitor, angiotensin receptor blocker, or diuretic.
Since people with T1D are at an increased risk of developing
other autoimmune diseases, such as autoimmune thyroid
conditions, celiac disease, primary adrenal insufficiency,
and rheumatoid arthritis, screening for autoimmune
should be
appropriate.[18]

disorders considered when clinically

Treatment and Management

The management of type 1 diabetes mellitus
(T1D) is a lifelong undertaking that requires meticulous
attention to insulin replacement, blood glucose monitoring,
nutritional adjustments, lifestyle modifications, and
psychosocial support. Since the underlying pathology of
T1D is absolute insulin deficiency secondary to autoimmune
destruction of pancreatic P-cells, exogenous insulin
administration is the cornerstone of therapy. However, the
successful treatment of T1D involves far more than simply
providing insulin. It requires an integrated strategy that
combines medical, technological, educational, and
behavioral interventions to optimize glycemic control,
prevent both acute and chronic complications, and preserve
the overall quality of life. The goals of management must
also be individualized, considering a patient’s age,
comorbidities, risk of hypoglycemia, and psychosocial
context. According to the American Diabetes Association
(ADA), glycemic control is assessed primarily by HbAlc
levels, with a general target of less than or equal to 7% for
most patients. This threshold is chosen to minimize the risk
of microvascular and macrovascular complications, though
more relaxed targets are often appropriate for older adults,
patients with limited life expectancy, or those with multiple
comorbidities who may not benefit from strict control. Thus,
treatment strategies are flexible and patient-centered, with
the primary objective of balancing optimal glucose control
against the risks of hypoglycemia [18].
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Table 1. Recommended laboratory monitoring cadence and clinical actions in T1D

Test H Typical Interval H Clinical Purpose H Action Triggers
HbAlc Every 3 months || Assess average glycemia/time-in- || Adjust insulin/technology; address
range convergence hypoglycemia burden
Lipid profile Annually (or per Atherosclerotic risk Initiate/intensify statin; lifestyle
risk) reinforcement
Serum creatinine & eGFR Annually Renal function baseline ACEi/ARB considerations; dose
adjustments
Urine albumin-to-creatinine Annually Early nephropathy Confirm persistence;
ratio (UACR) nephroprotective therapy
Thyroid-stimulating hormone 1-2 years or Autoimmune thyroid disease || Treat hypo-/hyperthyroidism; impact
+ TPO Ab symptoms screening on glycemia
Celiac serology (tTG-IgA + Baseline; if Autoimmune comorbidity GI referral; dietary counseling
total IgA) symptomatic
‘ Liver function tests H Annually HHepatic comorbidities/med effects H Evaluate NAFLD/drug effects ‘
‘ CBC with platelets H Annually H Anemia, infection risk H Investigate causes; adjust therapy ‘

Per medication
changes

Potassium (on
ACEi/ARB/diuretic)

Electrolyte safety

Modify agents/doses

Insulin Replacement Therapy

Because endogenous insulin secretion is absent or
negligible in T1D, the mainstay of treatment is physiologic
replacement using either multiple daily injections (MDI) or
continuous subcutaneous insulin infusion (CSII) via an
insulin pump. The ultimate aim of these approaches is to
replicate normal pancreatic insulin secretion, which includes
a steady basal release of insulin as well as sharp increases in
response to meals. MDI, often described as “basal-bolus”
therapy, typically involves once or twice daily injections of
long-acting basal insulin, supplemented with rapid-acting or
short-acting insulin administered before meals. The choice
of basal insulin is influenced by factors such as availability,
coverage, patient preference, and cost
considerations [19]. Long-acting analogs such as glargine

insurance

(U-100 or U-300) and degludec are commonly preferred due
to their predictable pharmacokinetics and minimal peaks,
which reduce the risk of hypoglycemia. Glargine generally
provides 20 to 24 hours of coverage, while the U-300
formulation extends beyond 24 hours, and degludec lasts up
to 42 hours. Detemir, another long-acting option, often
requires twice-daily dosing to achieve stable basal coverage.
By contrast, intermediate-acting insulins such as neutral
protamine Hagedorn (NPH) or neutral protamine lispro are
less expensive but associated with higher risks of
hypoglycemia, owing to their pronounced peak effects
occurring between 2 and 8 hours after injection and a total
duration of 12 to 24 hours. Patients on MDI must supplement
basal insulin with mealtime insulin to cover carbohydrate
intake and correct hyperglycemia. Rapid-acting analogs
such as lispro, aspart, and glulisine have an onset within 12
to 30 minutes, peak between 1 and 3 hours, and last 3 to 6
hours, allowing them to mimic normal postprandial insulin
responses. Ultra-rapid formulations of lispro and aspart offer
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slightly faster absorption and shorter duration. Alternatively,
short-acting regular insulin, with its onset of 30 to 60
minutes and duration of 5 to 8 hours, can be used but requires
earlier administration before meals. The success of MDI
therapy depends on careful titration to achieve blood glucose
targets, generally between 79 and 180 mg/dL, while
avoiding both hypoglycemia (defined as less than 70 mg/dL)
and excessive hyperglycemia (greater than 180 mg/dL)
[18][19][20].

CSII, or insulin pump therapy, provides a more
sophisticated means of insulin delivery. Pumps administer
rapid-acting insulin continuously to meet basal needs, with
patients delivering boluses via the pump at mealtimes. The
design typically includes a pump device, a reservoir or
cartridge for insulin, infusion tubing, and a subcutaneous
diabetes
revolutionized CSII by integrating pumps with continuous
glucose monitoring (CGM) systems. Sensor-augmented
pumps operate independently of CGMs but provide patients
with flexibility in adjusting insulin doses. Predictive low-

cannula. Advances in technology have

glucose suspend pumps are capable of halting insulin
infusion when glucose falls to a pre-specified threshold,
thereby reducing hypoglycemia risk. More recently, hybrid
closed-loop or automated insulin delivery systems have
emerged, in which the pump automatically adjusts insulin
delivery in real time based on CGM values. These systems
represent a step toward an “artificial pancreas,” offering
tighter control and reduced patient burden. Some patients
also use do-it-yourself looping systems, though these remain
outside the scope of formal regulatory approval.
Collectively, the choice between MDI and CSII depends on
individual preference, access to technology, and clinical
goals [18][19][20].
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Blood Glucose Monitoring

Effective glucose monitoring is indispensable for
achieving and maintaining glycemic targets. Historically,
monitoring was achieved through capillary blood glucose
testing using handheld meters. Patients were typically
instructed to measure glucose at least four times daily,
including before meals and at bedtime. While glucose meters
remain widely used, technological progress has made
continuous glucose monitors the preferred method in
modern T1D care. CGMs have transformed diabetes
management by providing real-time glucose readings at
frequent intervals, usually every five minutes, via sensors
placed in subcutaneous tissue. These devices transmit data
to a receiver, smartphone, or insulin pump interface,
allowing patients to view glucose trends, anticipate
fluctuations, and adjust therapy proactively. Importantly,
CGMs can issue alarms when glucose levels fall below or
rise above predetermined thresholds, enabling early
intervention to prevent severe hypoglycemia or
hyperglycemia. Real-time CGMs allow patients to anticipate
changes over the next 30 to 60 minutes, while flash or
intermittent monitoring devices require users to scan a
sensor with a reader to obtain data. The utility of CGMs is
particularly evident in patients with frequent hypoglycemia
or hypoglycemia unawareness, conditions in which
traditional monitoring is insufficient. They not only enhance
safety but also contribute to improved HbAlc levels and
quality of life [18][19][20].

Diabetes Education and Self-Management

Even with advances in pharmacological and
technological treatment, education remains a cornerstone of
T1D management. The success of therapy is highly
dependent on the patient’s ability to understand and actively
engage in self-care practices. Education should be
structured, ongoing, and tailored to the individual’s age,
developmental stage, and support system. At diagnosis,
patients and families require intensive instruction on insulin
administration, glucose monitoring, recognition and
management of hypoglycemia and hyperglycemia, and sick-
day rules to prevent DKA. Education must also emphasize
the impact of diet and physical activity on blood glucose
levels. Since TID is a chronic disease with complex
management demands, education should be reinforced
regularly, with updates provided as technology and
therapeutic strategies evolve. Nutrition counseling is
particularly important. Carbohydrate counting has emerged
as the most effective dietary tool, allowing patients to match
prandial insulin doses with the carbohydrate content of
meals. Patients learn to use an insulin-to-carbohydrate ratio
to calculate the appropriate dose, thereby reducing the risk
of both postprandial hyperglycemia and delayed
hypoglycemia. When carbohydrate counting is not feasible,
a consistent-carbohydrate diet can be used as an alternative.
Dietitians are integral members of the care team, guiding
patients through meal planning, portion estimation, and
strategies for dining out. Equally important is the role of
exercise, which improves insulin sensitivity and
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cardiovascular health but requires careful planning to avoid
hypoglycemia. Patients are taught to adjust insulin doses or
carbohydrate intake before and after physical activity based
on anticipated energy expenditure and glucose monitoring
results. Education also extends to psychosocial domains.
Living with T1D requires constant vigilance, which can lead
to diabetes distress, anxiety, or depression. Patients must be
prepared not only for the physiological demands of
management but also for the psychological challenges of
coping with a lifelong disease. Involving family members
and caregivers in education helps build a supportive
environment, which is particularly crucial for children and
adolescents [18][19][20].

Integrated Management and Future Directions

Optimal of TID
multidisciplinary approach that integrates endocrinologists,
diabetes educators, dietitians, psychologists, and social

treatment requires a

workers. Regular follow-up is necessary to monitor
glycemic control, assess complications, and adjust therapy.
HbAlc remains the primary tool for assessing long-term
glycemic control, though CGM metrics such as “time in
range” are increasingly recognized as valuable adjuncts.
Patients must also undergo routine screening for
complications, including  annual  ophthalmologic
examinations for retinopathy, annual urine albumin-to-
creatinine ratio for nephropathy, and foot examinations for
neuropathy and vascular disease. The future of T1D
management continues to evolve with advancements in
technology and immunotherapy. Automated insulin delivery
systems and artificial pancreas technologies are
progressively narrowing the gap between physiological
insulin secretion and exogenous therapy. Parallel to this,
research into immune-modulating therapies aims to preserve
residual B-cell function and delay disease progression. Until
such strategies become standard, the management of T1D
will continue to rely on lifelong insulin replacement,
supported by modern technologies, comprehensive
education, and multidisciplinary care. Treatment and
management of type 1 diabetes are multifaceted,
encompassing insulin replacement therapy, advanced
glucose monitoring, and comprehensive patient education.
Multiple daily injections and continuous subcutaneous
insulin infusion remain the principal means of insulin
replacement, each with distinct advantages depending on
patient needs and resources. Advances in CGMs and insulin
pump technologies have greatly enhanced the ability to
achieve tight glycemic control while reducing the burden of
hypoglycemia. Education on diet, exercise, and self-care is
indispensable, as it empowers patients to take control of their
condition and adapt therapy to the fluctuations of daily life.
Ultimately, the management of T1D is best achieved through
a collaborative approach that integrates medical expertise,
patient engagement, and psychosocial support. By
combining traditional therapeutic principles with modern
technological innovations, clinicians can optimize
outcomes, minimize complications, and improve quality of
life for individuals living with T1D [19].
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Hypoglycemia

Hypoglycemia remains the most frequent and
challenging adverse effect of insulin therapy in individuals
living with type 1 diabetes mellitus (T1D). Because the
disease is characterized by absolute insulin deficiency,
exogenous insulin is indispensable for survival. However,
despite advances in insulin formulations, delivery systems,
and glucose-monitoring technologies, the risk of
hypoglycemia cannot be entirely eliminated. Effective
education and management strategies are therefore essential
to minimize its occurrence, reduce its complications, and
empower patients and their caregivers to respond
appropriately when hypoglycemia arises. Clinically,
hypoglycemia is defined by the presence of a low blood
glucose concentration together with characteristic
autonomic and neuroglycopenic symptoms. The ADA has
stratified hypoglycemia into three levels to facilitate
recognition and intervention. Level 1 hypoglycemia refers to
blood glucose concentrations below 70 mg/dL, at which
point early adrenergic symptoms typically emerge. These
include sweating, palpitations, tremors, anxiety, hunger, and
lightheadedness. Level 2 hypoglycemia is defined as blood
glucose concentrations below 54 mg/dL and is generally
associated with more severe neuroglycopenic symptoms
such as confusion, irritability, blurred vision, and impaired
judgment. Level 3 hypoglycemia describes a hypoglycemic
event so profound that it requires external assistance for
recovery, often through administration of glucagon or
intravenous dextrose. This classification system underscores
the spectrum of severity, from episodes that can be self-
treated to those that pose an imminent threat to life [19][20].

Pathophysiology and Risk Factors

The development of hypoglycemia in T1D reflects
the complex interaction between insulin administration,
carbohydrate intake, and energy expenditure. Because
injected insulin does not precisely mimic the physiologic
feedback-regulated secretion of pancreatic p-cells, there is
always potential for mismatches between circulating insulin
levels and the body’s metabolic needs. Skipped meals,
excessive insulin dosing, unanticipated physical activity, or
alcohol consumption are common precipitating factors.
Advances in insulin analogs and continuous glucose
monitors (CGMs) have reduced but not eliminated these
risks, particularly in patients with fluctuating schedules,
irregular dietary patterns, or impaired awareness of
hypoglycemia. A particularly concerning phenomenon is
hypoglycemia unawareness, which frequently develops in
patients  with  long-standing  diabetes. = Recurrent
hypoglycemia blunts the sympathoadrenal response and
lowers the threshold at which autonomic warning symptoms
occur. As a result, patients may fail to recognize declining
glucose levels until neuroglycopenic manifestations are
already advanced. This condition, often associated with
autonomic neuropathy, increases the risk of severe
hypoglycemia and has been linked to higher mortality rates.
Furthermore, hypoglycemia unawareness poses significant
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psychosocial burdens, as fear of hypoglycemia often drives
patients to maintain higher glucose levels, thereby
compromising glycemic control and increasing the risk of
long-term complications [19][20].

Clinical Consequences

Beyond immediate symptoms, hypoglycemia
exerts far-reaching effects on health outcomes in TID.
Severe episodes are associated with acute complications
such as seizures, loss of consciousness, accidents, and
trauma. In older or frail patients, hypoglycemia substantially
raises the risk of falls, fractures, and acute cognitive
impairment. Repeated severe episodes have been implicated
in the development or acceleration of dementia, reflecting
the vulnerability of the brain to recurrent glucose
deprivation. Cardiovascular consequences are equally
concerning: hypoglycemia triggers catecholamine surges,
increases myocardial oxygen demand, and may provoke
arrhythmias or ischemia, particularly in patients with
preexisting cardiovascular disease. Epidemiological studies
suggest that severe hypoglycemia is associated with
increased all-cause mortality, highlighting its significance
not only as a complication of treatment but also as an
independent risk factor for poor long-term outcomes [19].

Patient Education and Prevention

Education is the foundation of hypoglycemia
management. Patients with T1D and their caregivers must be
able to recognize early symptoms, understand blood glucose
thresholds for treatment, and intervene promptly. Instruction
should also extend to family members, friends, and partners,
ensuring that those closest to the patient are equipped to
respond during emergencies. Routine education should
emphasize the “15-15 rule” for mild-to-moderate
hypoglycemia: patients should consume 15 to 20 grams of
oral glucose or fast-acting carbohydrate when glucose levels
fall below 70 mg/dL, recheck their glucose after 15 minutes,
and repeat treatment if levels remain low. Once glucose
normalizes, a complex carbohydrate snack is recommended
to prevent recurrence. For severe hypoglycemia, glucagon
remains the standard of care. Injectable and intranasal
glucagon formulations are now available, improving
accessibility for non-medical responders. Clinicians should
prescribe glucagon to all patients at risk for severe episodes
and ensure that caregivers are trained in its administration.
Equally important is education on preventive strategies, such
as adjusting insulin doses before exercise, moderating
alcohol intake, and ensuring consistent carbohydrate
consumption [19][20].

Role of Technology

Modern technology has become an invaluable tool
in reducing the frequency and severity of hypoglycemia.
CGMs, which provide real-time glucose data and alarms, are
particularly beneficial for individuals prone to recurrent
hypoglycemia or those with impaired awareness. Predictive
algorithms can forecast impending hypoglycemia and alert
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patients to intervene before symptoms develop. Integration
of CGMs with insulin pumps has advanced the field further,
enabling systems that automatically suspend insulin delivery
when glucose falls below a threshold or is predicted to do so.
Hybrid closed-loop systems, also known as “artificial
pancreas” devices, dynamically adjust basal insulin delivery
in response to CGM data and have demonstrated substantial
reductions in hypoglycemia burden. While these
technologies do not eliminate risk entirely, they offer
reassurance and improved safety, particularly for vulnerable
populations such as children and the elderly [20][21].

Follow-up and Ongoing Care

The prevention and management of hypoglycemia
require continuous collaboration between patients and the
diabetes care team. At follow-up visits, clinicians should
review glucose monitoring data, whether from glucose
meters, CGMs, or insulin pumps, to identify patterns of
hypoglycemia and adjust insulin regimens accordingly. Data
downloads from automated insulin delivery systems should
be analyzed with patients to reinforce behavioral strategies,
optimize device settings, and individualize treatment goals.
Follow-up care should also encompass screening for
diabetes-related complications and comorbidities, as these
may amplify hypoglycemia risk. Autonomic neuropathy,
renal insufficiency, and hepatic disease can alter glucose
metabolism and insulin clearance, necessitating closer
surveillance and dose adjustments. Clinicians should adopt
shared decision-making to balance glycemic targets against
hypoglycemia risk, particularly in older adults or those with
comorbid  cardiovascular  disease. = Mental health
professionals also play an important role in addressing the
psychological dimensions of hypoglycemia. Fear of
hypoglycemia is common and may lead patients to
intentionally maintain higher glucose levels, undermining
long-term glycemic goals. Structured counseling and peer
support can help patients manage these fears while
maintaining confidence in their ability to respond to
hypoglycemia. Hypoglycemia is an unavoidable yet
manageable complication of insulin therapy in T1D. It
encompasses a wide clinical spectrum, from mild self-
limited events to severe episodes requiring emergency
intervention. Recurrent episodes, particularly in long-
standing disease, can lead to hypoglycemia unawareness and
carry significant cardiovascular and neurological risks.
Comprehensive education, routine monitoring, and the use
of advanced technologies are essential for prevention and
early intervention. The role of the diabetes care team extends
beyond medical treatment to include ongoing education,
psychosocial support, and individualized care planning.
Ultimately, minimizing the burden of hypoglycemia while
achieving glycemic targets remains a central challenge in
T1D management and a critical determinant of quality of life
and long-term outcomes [19][20][21].

Differential Diagnosis
Type 1 diabetes mellitus (T1D) must be carefully
differentiated from other disorders that can present with
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hyperglycemia or overlapping symptoms. Accurate
diagnosis is vital, as treatment strategies differ substantially
depending on the underlying cause of the patient’s metabolic
disturbance. Clinical presentation, family history, and a
combination of laboratory studies are critical tools in
distinguishing T1D from these other conditions. The most
common diagnostic challenge is differentiating T1D from
type 2 diabetes mellitus (T2D). In youth and young adults,
this distinction can be particularly difficult, as obesity and
sedentary lifestyles are now prevalent, and overweight
individuals can present with autoimmune diabetes. Features
favoring T1D include a lean body habitus, acute symptom
onset, rapid progression to insulin dependence, and the
presence of pancreatic autoantibodies such as GADG65, IA-2,
ICA, and ZnT8. By contrast, individuals with T2D typically
demonstrate insulin resistance, higher endogenous C-
peptide levels, and no autoantibodies [20][21].

Another important differential is monogenic
diabetes, particularly maturity-onset diabetes of the young
(MODY). MODY results from single-gene mutations
affecting insulin secretion and usually presents before the
age of 25. Unlike T1D, MODY is not autoimmune in origin,
and patients often have a strong multigenerational family
history. Genetic testing is required to confirm the diagnosis,
and therapy may involve oral agents rather than lifelong
insulin. Diseases that impair exocrine pancreatic function
can also produce diabetes-like presentations. Cystic fibrosis-
related diabetes and chronic pancreatitis are examples in
which pancreatic damage leads to reduced insulin
production. Patients with these conditions often have
additional features, such as malabsorption, recurrent
abdominal pain, or respiratory symptoms, that guide the
clinician toward the correct diagnosis. Post-transplantation
diabetes mellitus is another entity, typically associated with
the use of immunosuppressive therapies, while steroid-
induced diabetes results from the hyperglycemic effects of
glucocorticoids. Finally, non-diabetic causes of polyuria and
polydipsia, such as psychogenic polydipsia or diabetes
insipidus, should also be considered. In such cases,
laboratory studies including plasma glucose, urine
osmolality, and water deprivation testing are essential in
reaching an accurate diagnosis. Ultimately, the evaluation
must combine clinical judgment with targeted laboratory
assessments to ensure correct classification and management
[20][21].

Prognosis

T1D is a lifelong condition that presents ongoing
challenges for both patients and healthcare providers.
Without effective management, it is associated with both
acute and chronic complications that can significantly
shorten life expectancy. However, the outlook for
individuals with T1D has improved substantially in recent
decades due to advances in insulin therapy, improved
delivery systems, and the widespread use of continuous
glucose monitors and insulin pumps. Strict glycemic control
from the time of diagnosis has been shown to reduce the risk
of both microvascular complications—such as retinopathy,
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nephropathy, and neuropathy—and macrovascular
complications, including cardiovascular and cerebrovascular
disease. Equally important are interventions aimed at
controlling associated metabolic risk factors such as
hypertension and dyslipidemia. Routine screening for
complications and aggressive treatment of comorbidities

have contributed to declining morbidity and mortality.

Despite these advances, however, individuals with T1D
continue to face a two- to five-fold higher mortality risk
compared to the general population [20][21]. This highlights
the need for continued innovation in treatment, early
recognition of complications, and multidisciplinary support

to optimize outcomes.

Table 2. Differential diagnosis of hyperglycemia with overlapping features

<25; non-autoimmune

Condition Typical Clues Key Laboratory Features Initial Management
Implication
T1D Lean/any BMI; abrupt onset; DKA Autoantibodies present; Immediate insulin;
risk; pediatric predominance low C-peptide CGM/education
T2D Overweight/obese; insulin resistance No autoantibodies; Lifestyle, oral agents +
signs normal/high C-peptide insulin
MODY (monogenic) ||Strong multigenerational history; onset|| Negative antibodies; gene- || Gene-guided therapy (e.g.,

specific testing

sulfonylurea in some types)

Pancreatogenic diabetes
(e.g., CF, chronic
pancreatitis)

Malabsorption, pancreatic disease

Variable C-peptide;
exocrine insufficiency
markers

Insulin + pancreatic
enzyme therapy

Steroid/post-transplant Temporal link to

Hyperglycemia with drug

Adjust agents; insulin as

diabetes steroids/immunosuppression exposure needed
Psychogenic polydipsia/DI|| Polyuria with low/normal glucose Water deprivation/ADH Treat primary cause; not
testing diabetes therapy

Patient Education

Preventing complications and optimizing long-
term health in T1D requires a proactive focus on education
and patient engagement. Education should begin at diagnosis
and continue throughout the course of the disease. It should
cover the importance of adherence to insulin regimens,
blood glucose monitoring, dietary management, and
physical activity. Patients should also receive detailed
instruction on recognizing the signs and symptoms of
hypoglycemia and DKA, as well as strategies to prevent and
manage these complications effectively. The role of the
healthcare team in patient education is paramount.
Physicians, pharmacists, nurses, and diabetes educators must
reinforce the importance of glycemic control, regular
screening, and adherence to follow-up appointments at every
encounter. Encouraging patients to participate in support
groups can also provide valuable psychosocial support and
reduce the sense of isolation associated with the disease. In
this way, deterrence efforts extend beyond medical
management to include fostering resilience, knowledge, and
empowerment in the patient population [21].

Enhancing Healthcare Team Outcomes

The self-management of T1D is demanding,
requiring a lifelong commitment to insulin therapy, glucose
monitoring, and lifestyle modifications. Although
technological advancements such as continuous glucose
monitors and insulin pumps have lightened some of the
burden, these tools bring challenges of their own, including
cost, complexity, and the need for training. Moreover, the
psychological toll of living with TID—manifested as
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diabetes distress, anxiety, or depression—can erode
adherence and worsen outcomes. An interprofessional team
approach has proven to be the most effective model for
addressing the multifaceted needs of patients with T1D. This
team may include primary care clinicians, endocrinologists,
diabetes nurse educators, pharmacists, dietitians,
psychologists, social workers, podiatrists, and community
resources. Each member brings a unique perspective and
expertise, and coordinated communication among team
members is essential to ensure comprehensive and consistent

care [21].

Role of Nursing

Nurses are pivotal in the management of T1D, as
they often serve as the frontline providers of education,
monitoring, and coordination. At diagnosis, nurses play a
critical role in teaching patients and their families how to
administer insulin, use glucose-monitoring devices, and
recognize complications such as hypoglycemia and DKA.
They also guide patients in developing self-care skills,
including meal planning, site rotation for injections, and
sick-day rules. In follow-up care, nurses monitor adherence,
assess psychosocial well-being, and provide counseling to
address barriers to optimal self-management. They act as
patient advocates, ensuring that individuals have access to
necessary supplies, education, and community resources.
Importantly, nurses serve as the central communicators
within the interprofessional team, facilitating the flow of
endocrinologists, dietitians,
pharmacists, and mental health professionals. Through these
roles, nursing professionals help to ensure continuity of care,

information between
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prevent complications, and improve patient quality of life
[22].
Role of Physical Therapists

Physical therapists also play a vital role in the
comprehensive care of patients with T1D. Exercise is an
essential component of diabetes management, as it improves
insulin sensitivity, cardiovascular fitness, and psychological
well-being. However, exercise carries unique risks for
individuals with T1D, particularly hypoglycemia during or
after activity. Physical therapists are uniquely positioned to
guide safe and effective exercise programs that consider the
patient’s glycemic status, comorbidities, and fitness level. In

addition, physical therapists play an important role in
preventing and managing complications such as neuropathy,
peripheral vascular disease, and musculoskeletal problems.
They provide education on proper footwear, foot care, and
gait training to reduce the risk of ulceration and falls. For
patients with neuropathy or cardiovascular disease, tailored
rehabilitation programs can improve mobility, balance, and
endurance. In this way, physical therapists extend the
benefits of exercise beyond glucose control to include
prevention of disability and promotion of long-term
independence [21].

Table 3. Core responsibilities across nursing, clinical pathology, and physiotherapy in T1D care.

Domain Nursing (clinical & education) Clinical Pathology (laboratory Physiotherapy
medicine) (rehabilitation & function)
Diagnosis & || Triage; history of hypoglycemia/DKA; Standardize glucose/HbAlc; Baseline functional
Phenotyping device readiness; education on autoantibodies (ICA, TAA, assessment; screen exercise
OGTT/HbA1c meaning GADG65, 1A-2, ZnT8); stimulated contraindications
C-peptide interpretation
Acute risk Hypoglycemia/DKA recognition; sick- || Critical value notification; ketone Exercise timing vs.
mitigation day protocols; glucagon training assay oversight; electrolyte panels insulin/meal planning;
in DKA recognition of exertional
hypoglycemia
Longitudinal ||CGM/pump onboarding; data download|| NGSP/DCCT alignment; lipid Individualized
control review; adherence coaching profile, UACR, creatinine; aerobic/resistance plans;
thyroid/celiac serology neuropathy-aware
balance/gait training
Complication Foot checks; site rotation teaching; Trend reporting; eGFR staging; Footwear education; off-
prevention vaccine counseling LFTs; anemia/platelet review loading strategies; falls
prevention
Psychosocial Screen depression/anxiety/distress; ||Contextualize lab trends for shared|| Build confidence for safe
support connect to resources decisions activity; goal-setting and
progression
from pediatric onset with high DKA risk to adult
Conclusion: presentations prone to misclassification—the

Type 1 diabetes demands uninterrupted, precise
management that extends beyond insulin prescription. The
evidence summarized here shows that complication
prevention is maximized when three pillars operate in
concert. First, nursing provides the connective tissue of
care—translating complex regimens into daily routines,
coaching families through carbohydrate counting, sick-day
rules, and device troubleshooting, and calibrating
expectations through shared decision-making. Second,
clinical pathology underwrites diagnostic and monitoring
fidelity; standardized HbAlc and glucose methodologies,
autoantibody panels, and stimulated C-peptide define the
phenotype, while scheduled surveillance (lipids, renal and
hepatic indices, UACR, thyroid/celiac testing) enables early
intervention before irreversible damage accrues. Third,
physiotherapy converts metabolic goals into functional
gains, prescribing safe, progressive activity that improves
insulin sensitivity and cardiorespiratory fitness, mitigates
neuropathy-related instability, and prevents foot morbidity
through gait and footwear strategies. Across the lifespan—
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interprofessional model decreases acute events, supports
technology adoption (CGM and automated insulin delivery),
and addresses psychosocial drivers of adherence, including
fear of hypoglycemia and diabetes distress. Embedding these
roles within coordinated pathways that prioritize timely data
review, complication screening, and personalized
rehabilitation will continue to narrow outcome gaps and

improve quality of life for people living with T1D.
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