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PERSPECTIVES IN CARE

Clinically, it has been relatively easy to distinguish the acute, potentially lethal,
childhood-onset diabetes from the less aggressive condition that affects adults.
However, experience has taught us that not all children with diabetes are insulin
dependent and not all adults are non–insulin dependent. Immune, genetic, and
metabolic analysis of these two, apparently distinct, forms of diabetes revealed
inconsistencies, such that insulin-dependent and immune-mediated diabetes was
redeﬁned as type 1 diabetes, while most other forms were relabeled as type 2 diabetes. Recent data suggest a further shift in our thinking, with the recognition that
more than half of all new cases of type 1 diabetes occur in adults. However, many
adults may not require insulin at diagnosis of type 1 diabetes and have a more
gradual onset of hyperglycemia, often leading to misclassiﬁcation and inappropriate
care. Indeed, misdiagnosis occurs in nearly 40% of adults with new type 1 diabetes,
with the risk of error increasing with age (1,2). To consider this important issue,
JDRF convened a workshop of international experts in November 2019 in New
York, NY. In this Perspective, based on that workshop, we outline the evidence for
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Recent epidemiological data have shown that more than half of all new cases of
type 1 diabetes occur in adults. Key genetic, immune, and metabolic differences
exist between adult- and childhood-onset type 1 diabetes, many of which are not
well understood. A substantial risk of misclassiﬁcation of diabetes type can
result. Notably, some adults with type 1 diabetes may not require insulin at diagnosis, their clinical disease can masquerade as type 2 diabetes, and the consequent misclassiﬁcation may result in inappropriate treatment. In response to this
important issue, JDRF convened a workshop of international experts in November 2019. Here, we summarize the current understanding and unanswered questions in the ﬁeld based on those discussions, highlighting epidemiology and
immunogenetic and metabolic characteristics of adult-onset type 1 diabetes as
well as disease-associated comorbidities and psychosocial challenges. In adultonset, as compared with childhood-onset, type 1 diabetes, HLA-associated risk is
lower, with more protective genotypes and lower genetic risk scores; multiple
diabetes-associated autoantibodies are decreased, though GADA remains dominant. Before diagnosis, those with autoantibodies progress more slowly, and at
diagnosis, serum C-peptide is higher in adults than children, with ketoacidosis
being less frequent. Tools to distinguish types of diabetes are discussed, including
body phenotype, clinical course, family history, autoantibodies, comorbidities,
and C-peptide. By providing this perspective, we aim to improve the management of adults presenting with type 1 diabetes.
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a new viewpoint, suggesting future directions of research and ways to alter disease management to help adults living
with type 1 diabetes.
UNDERSTANDING ADULT-ONSET
TYPE 1 DIABETES
Incidence of Type 1 Diabetes Among
Adults Worldwide

study in China, the fraction (8.6%) with
diabetes not requiring insulin yet with
type 1 diabetes–associated autoantibodies was similar to that in Europe, implying
that there could be over 6 million Chinese with adult-onset type 1 diabetes
(10). While there is a wide range in the
incidence of type 1 diabetes across different ethnic groups, even using differing
methods of case identiﬁcation (7), these
data support the notion that, worldwide,
over half of all new-onset type 1 diabetes
cases occur in adults.
Natural History Studies of Type 1
Diabetes

Our understanding of the natural history
of type 1 diabetes has been informed by
a number of longitudinal and cross-sectional studies. At one end of the spectrum are prospective birth cohort studies,
such as the BABYDIAB study in Germany
and The Environmental Determinants of
Diabetes in the Young (TEDDY) study,
which includes sites in Germany, Finland,
Sweden, and the U.S. While these studies
now have the potential to explore the
pathogenesis of islet autoimmunity by
being extended into adulthood, they have
primarily focused on events occurring in
childhood (11). Clinical centers in North
America, Europe, and Australia collaborate within Type 1 Diabetes TrialNet, a
study that identiﬁes autoantibody-positive
adults and children in a cross-sectional
manner to examine the pathogenesis of
type 1 diabetes and to perform clinical trials on those at high risk in order to preserve b-cell function (12). At the other
end of the spectrum, the European Prospective Investigation into Cancer and
Nutrition (EPIC)-InterAct study is a casecohort study nested in the U.K. prospective adult population-based EPIC study
(13), while the clinical, immunogenetic,
and metabolic characteristics of autoimmune adult-onset type 1 diabetes have
been extensively studied in large American, European, and Chinese studies,
including UK Prospective Diabetes Study
(UKPDS), Action LADA, Scandia, Non
Insulin Requiring Autoimmune Diabetes
(NIRAD), and LADA China (9,14–19). Based
on these cross-sectional and prospective
studies, considerable data have been generated to deﬁne differences within type 1
diabetes according to the age at onset.
Here, we highlight key aspects of agerelated genetic, immune, and metabolic
heter-ogeneity in type 1 diabetes. Of note,

the term latent autoimmune diabetes in
adults (LADA) has been used to describe
adults with slowly progressive autoimmunity, sometimes exhibiting features overlapping with those of type 2 diabetes
(9,14,18). At the outset of the workshop
and for the purposes of this Perspective,
LADA was not considered a unique entity;
rather, we considered the classiﬁcation of
type 1 diabetes to include all individuals
with evidence of autoimmunity, regardless
of the trajectory of disease development
(i.e., rapid or slowly progressive) or other
associated demographic and/or clinical features (e.g., obesity).
Age-Related Genetic Heterogeneity

Type 1 diabetes shows heterogeneity
across a broad range of clinical, genetic,
immune, histological, and metabolic
features (20). Childhood-onset type 1
diabetes is most often attributed to susceptibility alleles in human leukocyte
antigen (HLA), which contribute 50%
of the disease heritability. Whereas ethnic differences exist, notably for speciﬁc
HLA genotypes, several broad principles
apply. Compared with childhood-onset
disease, adult-onset type 1 diabetes
cases show lower type 1 diabetes concordance rates in twins (21), less highrisk HLA heterozygosity (19), lower HLA
class I (14), more protective genotypes
(14,15), and lower GRS (6,22), which
are calculated by summing the odds
ratios (OR) for disease-risk alleles.
Diabetes-Associated Immune
Changes

Adult-onset type 1 diabetes, like childhood-onset type 1 diabetes, is associated
with the presence of serum autoantibodies against b-cell antigens. Serum glutamic
acid decarboxylase (GADA) autoantibodies
may be useful as a predictor of type 1
diabetes in adults, as adult-onset cases
most often present with GADA positivity
(9,10,15,17,18,20,22) and possess an HLADR3 genotype (9,14,15, 20,21,23). In one
prospective study of a general population,
the hazard risk of incident diabetes in
those with a high type 1 diabetes GRS and
GADA positivity was 3.23 compared with
all other individuals, suggesting that
1.8% of incident diabetes in adults was
attributable to that combination of risk
factors (13). In adult-onset type 1 diabetes,
multiple diabetes-associated autoantibodies tend to be less prevalent with increasing age at diagnosis (1,8), yet GADA
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Adult-onset type 1 diabetes is more common than childhood-onset type 1 diabetes, as shown from epidemiological data
from both high-risk areas such as Northern Europe and low-risk areas such as
China (3–8). In southeastern Sweden, the
disease incidence among individuals aged
0–19 years is similar to that among individuals 40–100 years of age (37.8 per
100,000 persons per year and 34.0/
100,000/year, respectively) (3). Given that
the comparable incidence spans only two
decades in children, it follows that adultonset type 1 diabetes is more prevalent.
Similarly, analysis of U.S. data from commercially insured individuals demonstrated an overall lower incidence in
individuals 20–64 years of age (18.6/
100,000/year) than in youth aged 0–19
years (34.3/100,000/year), but the total
number of new cases in adults over a 14year period was 19,174 compared with
13,302 in youth (4). Despite the incidence
of childhood-onset type 1 diabetes in
China being among the lowest in the
world, prevalence data show similar
trends across the life span. From
2010–2013, the incidence was 1.93/
100,000 among individuals aged 0–14
years and 1.28/100,000 among those
15–29 years of age versus 0.69/100,000
among older adults (5). In aggregate,
adults comprised 65.3% of all clinically
deﬁned newly diagnosed type 1 diabetes
cases in China, which is similar to estimates using genetically stratiﬁed data
from the population-based UK Biobank
using a childhood-onset polygenic genetic
risk score (GRS) (6). It is important to
note that the proportion would likely be
higher if autoimmune cases not requiring
insulin initially were classiﬁed as type 1
diabetes. For example, in a clinic-based
European study, the proportion of adults
with diabetes not initially requiring insulin
yet with type 1 diabetes–associated autoantibodies was even higher than those
started on insulin at diagnosis with a
deﬁned type 1 diabetes diagnosis (9).
Moreover, in an adult population-based
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However, there is a paucity of immune
studies on adult-onset type 1 diabetes
and few histologic studies. An analysis of
tissues from the Network for Pancreatic
Organ Donors with Diabetes (nPOD)
showed no relationship between age at
diabetes onset and the frequency of islet
insulitis (31). The composition of islet
insulitis differs in very young children
compared with older individuals, with the
former having an increased frequency of
B cells in islet inﬁltrates (32). However,
relating pancreatic histological changes to
changes in peripheral blood remains a
challenge.
Adults with new-onset type 1 diabetes
are at increased risk of other autoimmune conditions. About 30% of individuals with adult-onset type 1 diabetes have
thyroid autoimmunity (27,29). In addition,
adults with type 1 diabetes who possess
high-titer GADA and/or multiple islet
autoantibodies are at increased risk of
progression to hypothyroidism (24,33). In
a large population-based Chinese study,
the prevalence of adult-onset type 1 diabetes was 6% among initially non-insulinrequiring diabetes cases, and 16.3% of
them had thyroid autoimmunity (OR 2.4)
(10). Of note, those with islet antigen 2
autoantibodies had a high risk of tissue
transglutaminase autoantibodies, a marker
for celiac disease (OR 19.1) (10). Thus, in
the clinical setting, there should be a high
index of suspicion for other autoimmune
conditions in individuals with adult-onset
type diabetes, and associated autoimmunity should be screened where clinically
indicated.
Metabolic Characteristics of AdultOnset Type 1 Diabetes

Age-related differences in type 1 diabetes extend to metabolic parameters. Cpeptide at diagnosis is higher in adults
than children, driven in part by higher
BMI (34). Analysis of U.K., TrialNet, and
Chinese cohorts has identiﬁed two distinct phases of C-peptide decline in
stage 3 disease: an initial exponential
fall followed by a period of relative stability. Along with initial differences at
the time of clinical diagnosis, the rate of
decline over 2–4 years was inversely
related to age at onset (10,34–36). Furthermore, the U.S. T1D Exchange Study
found that glycemic control was better
in adults with type 1 diabetes than in
children and adolescents with type 1
diabetes (37). The American Diabetes

Association (ADA) targets for glycemia
are higher in children, so that in this
same cohort, 17% of children, compared with 21% of adults, achieved the
ADA hemoglobin A1c (HbA1c) goal of
<7.5% and <7.0%, respectively (37).
Other factors confound this relationship
between age at diagnosis and metabolic
control. First, individuals with adultonset type 1 diabetes are more likely to
have residual insulin-producing b-cells
and persistent measurable C-peptide in
disease of long duration, the latter of
which has been linked to improved glycemic control (38,39). Second, individuals
with adult-onset type 1 diabetes, initially
not on insulin therapy, tend to have
worse metabolic control than people
with type 2 diabetes, even when receiving insulin treatment (9,40). The sole
exception is the LADA China study,
where worse control was noted only
among those with a high GAD titer (18).
Metabolic differences between adults
and children extend beyond C-peptide.
Adults with autoantibody positivity who
progressed to type 1 diabetes were less
likely than very young children to exhibit
elevated proinsulin/C-peptide ratios prior
to stage 3 disease onset (41). In addition,
in individuals with disease of long duration, those diagnosed at an older age
had evidence of improved proinsulin
processing and nutrient-induced proinsulin secretory capacity (42).
Diagnosis and Management of AdultOnset Type 1 Diabetes

Correctly identifying diabetes etiology
and type is difﬁcult, and misclassiﬁcation may occur in up to 40% of adults
presenting with type 1 diabetes (1,2).
Reasons underlying misclassiﬁcation are
multiple and include 1) lack of awareness that the onset of type 1 diabetes is
not limited to children; 2) the overwhelming majority of people developing
diabetes as older adults have type 2 diabetes, contributing to a conﬁrmation
bias (2); 3) typical clinical criteria, such
as BMI and metabolic syndrome, can be
poor discriminators, especially as rates
of obesity in the overall population
increase (9,43); 4) clinical characteristics
of adult-onset type 1 diabetes can masquerade as type 2 diabetes, given their
slow metabolic progression and risk of
metabolic syndrome (which occurs in
about 40%), so that the distinction
between types of diabetes may be
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remains the dominant autoantibody irrespective of the need for insulin treatment
at diagnosis and irrespective of ethnicity
(9,17,18,24,
25), even despite a paucity of HLA DR3, as
in Japan and China (17,18). In contrast,
childhood-onset type 1 diabetes cases
often have insulin autoantibodies and an
HLA-DR4 genotype, higher identical twin
disease concordance, more HLA heterozygosity, and higher GRS (20). Taken
together, these data indicate that type 1
diabetes is heterogeneous across the spectrum of diagnoses, suggesting that pathogenesis and optimal therapy are also
diverse.
Data from the TrialNet Pathway to
Prevention cohort demonstrated lower
risk of progression to type 1 diabetes in
adults than children, even when both
show multiple autoantibodies on a single occasion and are monitored over 10
years (12). One recent analysis found
that the 5-year rate of progression to
diabetes in multiple autoantibody–positive adults was only 15%, with a number of them remaining diabetes-free for
decades (26). A combined cohort study,
known as the Slow or Nonprogressive
Autoimmunity to the Islets of Langerhans (SNAIL) study, is following such
“slow progressors” with multiple autoantibodies who have yet to progress to
stage 3 type 1 diabetes (i.e., clinical
diagnosis) over at least a 10-year period
(27). Many of these slow progressors
lose disease-associated autoantibodies
over time, adding complexity to crosssectional classiﬁcation (28). Based on
estimates from natural history studies,
slow progressors, even if identiﬁed
when young, cannot account for all
autoimmune adult-onset diabetes, indicating that autoantibodies must develop
at all ages (11). However, little is known
about those who initially develop autoimmunity as adults, mostly due to the
lack of longitudinal studies focusing on
this population.
People with type 1 diabetes, in contrast to the majority of those with type 2
diabetes, have altered adaptive immunity
(i.e., islet autoantibodies and T-cell activation), while innate immune changes,
including cytokine changes, are common
to both (29). Increased T-cell activation by
islet proteins has also been found in a
proportion of adults with initially noninsulin-requiring diabetes, even when
they lack diabetes autoantibodies (30).
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utility in disease of long duration when
levels fall below 300 pmol/L (39,47).
However, C-peptide levels are typically
higher at presentation and may be difﬁcult to distinguish from levels in type 2
diabetes, which are usually >600 pmol/
L. Thus, thresholds of C-peptide that
clearly delineate type 1 diabetes from
type 2 diabetes at diagnosis cannot be
categorically deﬁned, and C-peptide
must be interpreted within the context
of other clinical and laboratory features.
Measurement of a random nonfasting
C-peptide is superior to fasting C-peptide in identifying type 1 diabetes (48)
and is well correlated with stimulated
C-peptide levels measured during a
mixed-meal tolerance test, which is considered the gold standard assessment of
insulin secretory function in established
type 1 diabetes (49). A recent analysis
found that concomitant blood glucose
$144 mg/dL (8 mmol/L) increased the
speciﬁcity of random C-peptide in predicting a stimulated C-peptide level
<600pmol/L, suggesting this is a reasonable threshold of blood glucose to
employ for C-peptide interpretation
(49).
C-peptide also can be used to guide
therapy (50). Individuals with a random
C-peptide level #300 pmol/L should be
managed mainly with insulin. For those
with random C-peptide levels >300
pmol/L, insulin could be combined with
other diabetes therapies, although evidence about safety and efﬁcacy is limited.
It is generally agreed that sulfonylureas
should be avoided because of the potential to hasten b-cell failure (50). There is
concern for increased risk of diabetic
ketoacidosis (DKA) with sodium–glucose
cotransporter 1 (SGLT1) and SGLT2 inhibitors when these agents are used in type
1 diabetes, especially in nonobese individuals who may need only low dosages of
insulin (51). All other agents could be
considered for therapy in those not
requiring insulin initially. In individuals
with random C-peptide levels exceeding
600 pmol/L, management can be much
as recommended for type 2 diabetes,
with the caveats outlined above (50). An
important consideration is that loss of
b-cell function may be rapid in autoimmune diabetes. As such, individuals
treated without insulin should be closely
monitored.
In the absence of prospectively validated decision support tools that have

been tested in multiethnic populations,
we suggest, as an approach to aid the
practicing physician, assessment of age,
autoimmunity, body habitus/BMI, background, control, and comorbidities, using
the acronym AABBCC (Table 2). This
approach includes the clinical consideration of autoimmunity and other clinical
features suggestive of type 1 diabetes,
including age at diagnosis, low BMI, an
unexplained or rapid worsening of clinical course manifesting as a lack of
response or rising HbA1c with type 2 diabetes medications, and a rapid requirement for insulin therapy, especially
within 3 years of diagnosis. It should be
emphasized that among these features,
age at diagnosis (<40 years), low BMI
(<25 kg/m2), and rapid need for insulin
therapy are the most discriminatory (43).
We recommend measurement of islet
antibodies and C-peptide be considered
in all older people with clinical features
that suggest type 1 diabetes, with islet
autoantibodies being the initial test of
choice in short-duration disease (<3
years) and C-peptide the test of choice
at longer durations.
Diabetes-Associated Comorbidities
and Complications
DKA

The U.S. SEARCH for Diabetes in Youth
study reported that nearly 30% of youth
with newly diagnosed type 1 diabetes
age <20 years presented with DKA (52).
The frequency of DKA among adults at
diagnosis with type 1 diabetes is
unknown but is believed to be lower
given that they often have higher Cpeptide levels at diagnosis and a slower
decline in b-cell function over time,
even in those requiring insulin initially
(34). Among childhood-onset type 1 diabetes, most episodes of DKA beyond
diagnosis are associated with insulin
omission, pump failure, or treatment
error (53). However, for adults with
type 1 diabetes, the primary risk factors
are noncompliance and infections (54),
the former sometimes due to the cost
of insulin (55). Thus, there is a need to
further understand DKA in adults, not
least because it is associated with longterm worsening glycemic control (56).
Hypoglycemia

Fear of hypoglycemia remains a major
problem in the clinical management
of adults with type 1 diabetes (57),
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blurred (43–45); and 5) lack of awareness
of and accessibility to biomarkers that
may serve as tools to distinguish type 1
diabetes and type 2 diabetes.
Tools to distinguish type 1 and type 2
diabetes are under active development.
For example, classiﬁcation models integrating up to ﬁve prespeciﬁed predictor
variables, including clinical features (age
of diagnosis and BMI) and clinical biomarkers (autoantibodies and GRS) in a
White European population, had high
accuracy to identify adults with recently
diagnosed diabetes with rapid insulin
requirement despite using GRS derived
from childhood-onset type 1 diabetes.
While GRS have the potential to assist
diagnosis of type 1 diabetes in uncertain
cases, they are not yet widely available
in clinical practice. Moreover, it is
important to note that while the model
was optimized with the inclusion of all
ﬁve variables, the addition of GRS had
only a modest effect on overall model
performance (22).
Classiﬁcation can be aided by the
measurement of autoantibodies and Cpeptide. Recommended autoantibodies
to assay at the time of diagnosis include
those to insulin (insulin autoantibody),
glutamate decarboxylase isoform 65
(GAD65A), insulinoma antigen 2, and
zinc transporter isoform 8 (Znt8A), with
GAD65A being the most prevalent autoantibody among adults. High levels or
the presence of more than one antibody increases the likelihood of type 1
diabetes. However, it is important to
realize that islet autoantibodies are a
continuous marker that can also occur
in the population without diabetes. As
with many other tests, an abnormal test
is usually based on a threshold signal
from control populations without diabetes, usually the 97.5th or the 99th centile. Therefore, false-positive results with
these assays can occur and can be
reduced by using higher-speciﬁcity assays
or thresholds and targeting testing
toward those with clinical features suggestive of type 1 diabetes (46). Finally,
since antibody levels can wane over time
in established type 1 diabetes, the
absence of autoantibodies does not rule
out the possibility of a diagnosis of type 1
diabetes.
Measurement of C-peptide, paired
with a blood glucose in the same sample, provides an estimate of endo-genous insulin production and has the most
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Factors that dictate use of these technologies are multiple and may include
reduced access to or acceptance of wearable technology, challenges with insurance coverage, especially in the context
of past misclassiﬁcation, and/or inadequate education about hypoglycemia risk
(58). A better understanding of potential
barriers to technology use in adult-onset
type 1 diabetes is needed. Furthermore,
little is known about changes in hypoglycemia risk across the life span of individuals with adult-onset disease, representing
an important gap in knowledge.
Microvascular and Macrovascular Disease
Complications

Despite the prevalence of adult-onset
type 1 diabetes, there is a paucity of data
on the burden of microvascular complications in this population. Current knowledge is largely based on small, cross-

sectional studies. In aggregate, these
studies suggest that the prevalence of
nephropathy and retinopathy are lower
in adult-onset type 1 than in type 2 diabetes, but this conclusion is potentially
confounded by diabetes duration. For
example, the prevalence of nephropathy
and retinopathy was lower in Chinese
individuals with adult-onset type 1 diabetes than in those with type 2, but only in
those with a disease duration <5 years,
while in the Botnia Study, retinopathy risk
in adult-onset type 1 diabetes increased,
as expected, with disease duration (59).
Two substantial prospective studies recently
reported that those adults with diabetes
enrolled in the UKPDS who were also
GADA positive (i.e., presumably with type 1
diabetes) compared with those who were
GADA negative (with type 2 diabetes)
showed a higher prevalence of retinopathy
and lower prevalence of cardiovascular

Table 1—Knowledge gaps
Area of focus
Eliminating cultural bias in order to understand
what impacts disease development

Population screening

Description
Most large-scale studies of adult type 1 diabetes have been done in
Europe, North America, and China. There is a pressing need to
extend these studies to other continents and to diverse racial and
ethnic groups. Such studies could help us identify and understand
the nature and implications of diversity, whether in terms of
pathogenesis, cultural differences, or health care disparity. In
addition, prospective childhood studies of high-risk birth cohorts
could be extended into adulthood and new studies initiated to
better understand mechanisms behind disease development and
whether there is a differentiation in the disease process between
young and adult type 1 diabetes.
At present, universal childhood screening programs are being
developed in many countries. Research will be needed to develop
strategies for the follow-up of autoantibody-positive populations
throughout adulthood.

Disease-modifying therapies in early-stage disease

Trials of disease-modifying therapies have generally shown better
efﬁcacy in children (12). There are likely to be important differences
in agent selection between adult and pediatric populations, and
these differences require study.

Diagnosis and misclassiﬁcation

There is a need to build a diagnostic decision tree to aid in diabetes
classiﬁcation. Tools are needed to estimate individual-level risk.

Adjunctive therapies

There is a need to better understand the beneﬁts and risks of using
therapies that are adjunctive to insulin in adult-onset type 1
diabetes. To this end, large-scale drug trials need to be performed,
and therapeutic decision trees are required to help health care
professionals and endocrinologists select such therapies.

Post-diagnosis education and support

Improving education and support post-diagnosis is vital and should
include psychosocial support, health care provision, and analysis of
long-term outcomes (including complications) in adult-onset type 1
diabetes. Current knowledge is limited with respect to
complications, especially related to the complex mechanisms
contributing to macrovascular disease in adult-onset type 1
diabetes. Surveillance efforts based on larger and representative
cohorts of patients with clear and consistent case deﬁnitions are
needed to better understand the burden and risk of diabetesrelated chronic complications in this large population.
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inﬂuencing quality of life and glycemic
control. The effect of diabetes duration or
age at diagnosis on hypoglycemia risk is
not consistent among different studies.
However, a-cell responses to hypoglycemia and hypoglycemia risk are both lower
in individuals with higher C-peptide levels
(38). Because residual C-peptide is more
likely to be observed in those with a later
age of onset, hypoglycemia risk may be
different between those with childhoodand adult-onset diabetes. While insulin
pumps and continuous glucose monitors
are associated with improved glycemic
control and reduced hypoglycemia (37),
adults may show reluctance or inertia in
adopting newer technologies. In the T1D
Exchange study population, 63% of adults
used an insulin pump while only 30%
used a continuous glucose monitor, and
use of these technologies tended to be
lower in adults than in children (37).
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Whether these risks differ between those
diagnosed as children or as adults is
unclear and requires additional study.
CLOSING

events (60,61). These results are consistent
with people with adult-onset type 1 diabetes compared with those with type 2 diabetes, showing a general tendency to higher
HbA1c levels (40,44,60,61) as well as
reduced traditional cardiovascular risk factors, including reduced adiposity (BMI and
waist circumference), metabolic (lipid levels), and vascular (blood pressure) proﬁles
(9,24,62). Nevertheless, all-cause mortality
and cardiovascular mortality rates in such
individuals with adult-onset type 1 diabetes
(59) are still higher than those among individuals without diabetes. In addition, there
are discrepancies across studies, likely
related to differences in populations under
study (i.e., age, race/ethnicity, and diabetes
duration), lack of consistent case deﬁnitions
(i.e., adult-onset type 1 diabetes or LADA
cases), and different outcomes, as well as
small sample sizes with insufﬁcient events
on which to base strong recommendations.

type 1 diabetes (65). In addition, there is
the looming threat of complications,
including blindness and amputations (65).
Adults with type 1 diabetes describe a
sense of powerlessness, fear of hypoglycemia, and the challenges of both selfmanagement and appropriate food management (66). A common misunderstanding is that while they face the same life
choices associated with type 2 diabetes
(e.g., weight loss, exercise, and limiting
intake of simple sugars), adults with type
1 diabetes may require different management skills (67). Moreover, there is a
strong association in adults with type 1
diabetes between chronic, stressful life
events and ﬂuctuating HbA1c, possibly
due to indirect mechanisms, including
adherence to diabetes management (68).

Table 2—AABBCC approach to diabetes classiﬁcation
Parameter

Psychosocial Challenges

Negative stressors, including pressure to
achieve target HbA1c levels, lifestyle
considerations, and fear of complications,
are factors leading to the increased frequency of mood disorders, attempted suicide, and psychiatric care in adults with
diabetes (63). In individuals who have
experienced misclassiﬁcation, additional
stress derives from conﬂicting messages
about the nature of their diabetes.
Among adults with type 1 diabetes, those
with high psychological coping skills (e.g.,
self-efﬁcacy, self-esteem, and optimism)
and adaptive skills may buffer the negative effect of stress and should be cultivated (64). Relationship challenges,
including sexual intimacy, starting a family, caring for children, and relational
stress, are major stressors for adults with

Age

Autoimmunity

Body habitus/BMI
Background

Control

Comorbidities

Description
Autoimmune diabetes is most prevalent in patients aged <50 years
at diagnosis. Those aged <35 years at diagnosis should be
considered for maturity-onset diabetes of the young as well
as type 1 diabetes
Does this individual have islet autoantibodies or a history of
autoimmunity (i.e., thyroid disease, celiac disease)? Is there
a goiter or vitiligo on exam?
Is the body habitus or BMI inconsistent with a diagnosis of type 2
diabetes, especially if BMI <25 kg/m2?
What is the patient’s background? Is there a family history of
autoimmunity and/or type 1 diabetes? Are they from a
high-risk ethnic group?
Are diabetes control and HbA1c worsening on noninsulin therapies?
Has there been an accelerated change in HbA1c? Is the C-peptide
low, that is, #300 pmol/L (especially <200 pmol/L), or is there
clinical evidence that b-cell function is declining? Was there a
need for insulin therapy within 3 years of diabetes diagnosis?
Irrespective of immunogenetic background, coexistent cardiac or
renal disease and their risk factors impact the approach to
therapy and HbA1c targets.
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Figure 1—Proposed roadmap to better understand, diagnose, and care for adults with type 1
diabetes (T1D). Created in BioRender (BioRender.com).

In this Perspective, we have summarized
the current understanding of adult-onset
type 1 diabetes while identifying many
knowledge gaps (Table 1). Epidemiological data from diverse ethnic groups
show that adult-onset type 1 diabetes is
often more prevalent than childhoodonset type 1 diabetes. However, our
understanding of type 1 diabetes presenting in adults is limited. This striking
shortfall in knowledge (Table 1) results
in frequent misclassiﬁcation, which may
negatively impact disease management.
Here, we outline a roadmap for addressing these deﬁciencies (Fig. 1). A cornerstone of this roadmap is a renewed
emphasis on the careful consideration of
the underlying etiology of diabetes in
every adult presenting with diabetes.
In the absence of data-driven classiﬁcation tools capable of estimating individual-level risk, we offer a simple set of
questions, incorporating what we have
termed the AABBCCs of diabetes classiﬁcation and management (Table 2). In parallel, we invite the research community
to join together in addressing key gaps in
knowledge through studies aimed at
deﬁning the genetic, immunologic, and
metabolic phenotype of adult-onset type
1 diabetes with the goal of using this

care.diabetesjournals.org

knowledge to develop improved approaches
for disease management and prevention
(Fig. 1).
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