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Screening for Autoantibodies in 
Type 1 Diabetes: A Call to Action
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miology, autoimmune basis, and natural history of T1D; the 
benefits of early detection; immunologic markers; and most 
importantly, the vital role that family and primary care clini-
cians can play in educating families about islet autoantibody 
screening.

EPIDEMIOLOGY OF T1D
Nearly 190,000 children and adolescents have been diag-
nosed with T1D,4 making it one of the most common chronic 
diseases in childhood.5 Analyses of the SEARCH for Diabe-
tes in Youth registry and Clinformatics Data Mart database 
showed that the incidence of T1D in youth (age 0 to 19 years) 
increased at an annual rate of 1.9% from 2001-2002 to 2015, 
with the incidence peaking in 10- to 14-year-olds (FIGURE).6,7 
While T1D is generally thought of as a disease affecting only 
children, analysis of the Clinformatics Data Mart database 
showed that 59% of incident T1D cases were actually diag-
nosed in adults aged 20 to 64 years.7

AUTOIMMUNE BASIS OF T1D
More than 40 years ago, multiple lines of clinical evidence 
established an autoimmune pathogenesis for T1D leading 
to partial, or in many cases absolute, insulin deficiency.8-11 

The lack of therapeutic interventions to prevent pro-
gression of autoantibody-positive presymptomatic 
patients to clinical symptomatic type 1 diabetes (T1D) 

has meant that screening asymptomatic individuals for T1D 
is not commonly done. For instance, in 2015, the US Preven-
tive Services Task Force recommended against performing 
routine serum islet autoantibody screening for T1D.1 Nev-
ertheless, results from the more recent Fr1da study2,3 (see 
below) suggest that substantial health benefits may accrue 
from general population screening for islet autoantibodies. 
However, general population screening is costly, difficult to 
implement, and requires a significant commitment of time 
and resources. On the other hand, targeted screening of the 
at-risk population (ie, those with first- or second-degree rela-
tives with T1D) zeroes in on a population more likely to have 
detectable islet autoantibodies. As such, the primary focus of 
this article is at-risk population screening. With the prospect 
of therapeutic agents that can potentially modify the autoim-
mune progression leading to clinical symptomatic T1D, the 
potential benefits of screening are mounting. Even though 
such therapeutic agents are not yet available, identifying 
the presence of islet autoantibodies has potential short- and 
long-term health benefits. This article will discuss the epide-

KEY TAKEAWAYS

•  �Type 1 diabetes (T1D) is an autoimmune 
disease that progresses through 3 dis-
tinct stages.

•  �T1D can be diagnosed at any age, with 
a peak incidence at 10-14 years of age.

•  �The incidence of T1D in the United States 
is rising.

•  �Screening for T1D autoantibodies has 
positive clinical consequences, including 
reduction of diabetic ketoacidosis events, 
improved glycemic control, and positive im-
pact on short- and long-term complications.

•  �Primary care clinicians can play a criti-
cal role in promoting islet autoantibody 
screening.
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Although detection of serum islet autoantibodies against 
pancreatic B-cells is diagnostic for T1D, T1D is typically diag-
nosed based on clinical symptomatology associated with 
overt hyperglycemia, metabolic imbalance, and, in many 
cases, diabetic ketoacidosis (DKA).12 Recent evidence from 
the SEARCH for Diabetes in Youth registry shows that the 
prevalence of DKA at or near T1D diagnosis increased from 
35.3% in 2010 to 40.6% in 2016, representing a 2% relative 
annual increase.69 In asymptomatic individuals, the devel-
opment of islet autoantibodies against multiple β-cell anti-
gens indicates a high probability of developing clinically 
symptomatic T1D (description of T1D disease stages to  
follow).

Genetics plays a key role in the pathogenesis of T1D, as 
demonstrated by the fact that the risk for autoimmunity and 
subsequent development of T1D is up to 10-fold higher in 
children with a first-degree relative with T1D as compared 
to children in the general population.13 Some statistics worth 
noting are as follows. First, the prevalence of T1D at age 20 
years in individuals of European descent is 2% for a child of 
a mother with T1D and 6% if the father has T1D.14-16 The life-
time risk may be as high as 50% in individuals with multiple 
first-degree relatives with T1D.16-18 The lifetime risk of T1D for 
a person with an identical twin with T1D may be as high as 
60%.19 For a non-twin sibling, the risk is 4% to 7% by age 20 
years and 10% by age 60 years.19

Certain human leukocyte antigen (HLA) subtypes, par-
ticularly DR and DQ, can increase susceptibility or confer 
protection against development of T1D.16,20 Smaller contribu-
tions are made by more than 50 non-HLA genes or loci.12,21-28 
The majority of individuals with T1D carry DR4, DQB*0302 

and/or DR3, DQB*0201 and are considered genetically at risk 
for clinical T1D. Conversely, HLA alleles such as DQB1*0602 
are associated with dominant protection from T1D.29

Nonetheless, only 10% to 20% of cases of T1D occur in 
individuals with a family history of T1D,30,31 indicating that 
other factors play a key role in the pathogenesis of T1D. A 
wide variety of environmental factors have been proposed as 
being associated with the development of islet autoantibod-
ies and subsequent T1D, but evidence is often conflicting.32,33 
Some data suggest that high birthweight for gestational age,34 
prematurity,34 and higher rate of weight gain in early child-
hood may contribute.35 Additional evidence suggests that the 
development of some autoantibodies may be preceded by 
changes in nutrition intake36,37 or depend on the individual’s 
metabolic profile.38

Notably, early childhood infections seem to play an 
important role in the development of islet autoimmunity.39 
These include recent respiratory infections such as com-
mon cold, influenza-like illness, sinusitis, and laryngitis/
tracheitis,40 as well as enteroviruses, particularly coxsackievi-
rus types A and B.41 Detection of enteroviruses in stools and 
circulating antivirus neutralizing antibodies precedes the 
appearance of islet autoantibodies by several months in chil-
dren at increased genetic risk for T1D.42-44 Furthermore, islet 
autoantibody-positive children with enterovirus RNA in their 
blood experience faster progression to T1D.45

NATURAL HISTORY OF T1D
Following the onset of islet autoimmunity, T1D progresses 
through 3 stages (TABLE).12,46 Stage 1 occurs in individuals 
who have developed ≥2 types of islet autoantibodies asso-

FIGURE. Incidence of type 1 diabetes mellitus by age, 2001-20157
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ciated with T1D but remain normoglycemic. As functional 
pancreatic β-cell mass declines, progression to stage 2 occurs. 
Although individuals remain asymptomatic, evidence of dys-
glycemia emerges. Dysglycemia is defined as fasting plasma 
glucose (FPG) of 110 to <126 mg/dL, 2-hour oral glucose tol-
erance test (OGTT) of 140-199 mg/dL, and glycated hemo-
globin (A1c) of 5.7%-6.4%. Further β-cell damage results in 
symptomatic stage 3 T1D, which is characterized by the typi-
cal symptoms and signs of diabetes, eg, polyuria, polydipsia, 
weight loss, and fatigue, corresponding to an FPG >126 mg/
dL, 2-hour OGTT >200 mg/dL, and A1c >6.5%. If not treated 
with timely administration of exogenous insulin, it can quickly 
progress to DKA. DKA on presentation occurs in approxi-
mately one-third of individuals6 and is often characterized by 
nausea, vomiting, abdominal pain, weakness, and confusion.

Approximately 70% of individuals with ≥2 islet autoan-
tibodies progress from stage 1 to symptomatic stage 3 within 
10 years47 and 74% from stage 2 to symptomatic stage 3 within 
4 to 5 years, although progression can be as short as weeks 
and as long as decades. It is important to note that individu-
als with 1 islet autoantibody may never progress to multiple 
autoantibodies (stage 1 or 2) and, ultimately, symptomatic 
stage 3 T1D. Although there are no guidelines for monitoring 
individuals with only 1 islet autoantibody, annual evaluation 
for dysglycemia or additional islet autoantibody testing every 
1 to 2 years should be considered given their increased risk. 
In rare cases, loss of islet autoantibody positivity is observed, 
also referred to as inverse seroconversion.3

BENEFITS OF EARLY DETECTION OF AT-RISK 
INDIVIDUALS
Several clinical trials have investigated the impact of early 
detection of T1D in at-risk individuals, as well as the general 
population. One of the first was the Diabetes Autoimmunity 
Study in the Young (DAISY), a longitudinal study that fol-

lowed children with either a family history of T1D (at-risk) or 
who expressed high-risk HLA genotypes.48 Children identi-
fied as multiple islet autoantibody–positive and followed to 
symptomatic stage 3 T1D were hospitalized significantly less 
often than the T1D cases from the general population (3.3% 
vs 44%). Additionally, they had a lower mean A1c at T1D diag-
nosis (7.2% vs 10.9%; P<0.0001) and 1 month after diagnosis 
(6.9% vs 8.6%; P<0.0001), but not 6 months or 12 months after 
diagnosis due to the initiation of insulin therapy in the gen-
eral population cohort. A major finding of the DAISY study 
was a decrease in hospitalizations due to DKA, which has sig-
nificant long-term sequelae.

The BABYDIAB and the Munich Family Study followed 
children with a first-degree family member (at-risk) with a 
history of T1D. Data from these German databases were ana-
lyzed by the Diabetes Prospective Documentation Initiative.49 
Among the 101 children screened and found to be positive for 
islet autoantibodies, the A1c at symptomatic stage 3 T1D onset 
was significantly lower than in non-screened children present-
ing with symptomatic stage 3 T1D (8.6% vs 11%). In addition, 
the prevalence of DKA was significantly lower in screened chil-
dren (3.3% vs 29.1%) and was associated with a significantly 
shorter hospitalization period at onset (11.4 vs 14.9 days).

Recently, the results of the German Fr1da study demon-
strated important benefits with population-based screening 
for islet autoantibodies.3 Screening was offered to children 
ages 1.75 to 5.99 years by pediatricians during well-baby vis-
its. Of 90,632 children screened (median age 3.1 years), 196 
(0.22%) were found to be in stage 1, 17 (0.02%) in stage 2, and 
26 (0.03%) in symptomatic stage 3, for an overall prevalence 
of 0.31%; 41 children with a family history of multiple islet 
autoantibodies declined metabolic staging. Over 3 years of 
follow-up, the risk of progressing from stage 1 to stage 2 or 3 
was 28.7%. Key factors significantly associated with disease 
progression were obesity, presence of 4 islet autoantibodies, 

TABLE. Metabolic stages of type 1 diabetes mellitus12,46

Stage 1 Stage 2 Stage 3

β-cell autoimmunity? Yes Yes Yes

Symptoms? No No Yes

Blood glucose No IGT or IFG •  IGT and/or IFG

•  FPG 100-125 mg/dL

•  2-h PPG 140-199 mg/dL

•  �A1c 5.7%-6.4% or ≥10% 
increase in A1c

•  �Random glucose ≥200 mg/dL 
with symptoms

•  FPG ≥126 mg/dL

•  2-h PPG ≥200 mg/dL

•  A1c ≥6.5%

5-y risk of symptomatic 
disease

44% 75% –

IFG, impaired fasting glucose; IGT, impaired glucose tolerance; PPG, postprandial glucose.
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and A1c ≥5.7%. The study showed that preschool screening 
for islet autoantibodies in the general population effectively 
identified young children with previously undiagnosed, 
symptomatic stage 3 T1D.

The Fr1da study also showed that psychological stress 
was significantly higher in mothers of children identified as 
having stage 1 or 2 T1D compared with mothers of children 
without islet autoantibodies. The stress level decreased to 
baseline within 12 months of identification. Of the 62 chil-
dren with stage 1 or 2 T1D who progressed to symptomatic 
stage 3, only 2 presented with mild or moderate DKA, both 
without clinical symptoms. The decline in psychological 
stress and the low incidence of DKA were predicted, since 
>80% of children with stage 1 or 2 T1D and their families par-
ticipated in the diabetes education program.

These investigations demonstrate that early identifica-
tion of individuals with stage 1 and  2 T1D allows for early 
intervention that results in reduced morbidity and improved 
glycemic control. An additional possible benefit of early 
detection of stage 1 or 2 T1D is that it might enable earlier 
intervention to mitigate common chronic complications of 
T1D that begin to emerge within months or years of diagno-
sis. For example, the SEARCH for Diabetes in Youth Study 
showed that several complications were common in youth 
and young adults with T1D at a mean disease duration of 8 
years. These were cardiovascular autonomic neuropathy 
(14.4%), arterial stiffness (11.6%), hypertension (10.1%), 
peripheral neuropathy (8.5%), diabetic kidney disease (5.8%), 
and retinopathy (5.6%).6

The occurrence of DKA at symptomatic stage 3 T1D 
diagnosis results in additional complications. One investi-
gation showed that children ages 6 to 18 years with DKA at 
symptomatic stage 3 T1D diagnosis experienced a decrease 
in total white matter volume and an increase in gray matter 
over 6 months, changes that were associated with adverse 
neurocognitive outcomes.50 DKA at diagnosis of symptomatic 
stage 3 T1D also adversely affects long-term glycemic con-
trol.51 A prospective study of 3364 children diagnosed with 
symptomatic stage 3 T1D before 18 years of age and followed 
for 15 years found that the A1c was 1.4% higher in those with 
severe DKA at diagnosis compared with children without 
DKA at diagnosis.51

Finally, the cost-effectiveness of islet autoantibody 
screening of the general population for T1D risk has been 
investigated in 2 studies.52,53 One study based cost-effective-
ness on reducing the incidence of DKA at symptomatic stage 
3 diagnosis in children age <5 years,52 while the other based 
cost-effectiveness on reduction in DKA events and long-term 
glycemic control.53 Although neither study found screening 
the general population for islet autoantibodies to be cost-

effective, no consideration was given to other possible ben-
efits of early detection such as reducing long-term sequalae 
of having DKA at time of symptomatic stage 3 T1D diagnosis 
(as highlighted earlier). In contrast, data from the Autoimmu-
nity Screening for Kids (ASK) study in Colorado determined 
that general population screening for islet autoantibodies is 
feasible and well accepted by parents and providers.

METABOLIC MARKERS
A variety of genetic, immunologic, and metabolic markers 
may be used to predict T1D. Among metabolic markers, the 
first-phase insulin response to glucose during an intrave-
nous glucose tolerance test54 and 2-hour OGTT55 are useful to 
identify autoantibody-positive individuals who are at highest 
risk for progressing to T1D. Recent investigation confirmed 
that worsening longitudinal changes in the glucose response 
curve during OGTT occur in individuals who progress to 
T1D.56 Individuals with undiagnosed clinical T1D (stage 3) 
may be identified using common metabolic tests, eg, random 
plasma glucose >200 mg/dL and A1c ≥6.5%.

PRACTICAL CONSIDERATIONS FOR ISLET  
AUTOANTIBODY TESTING
Symptomatic stage 3 T1D is preceded by the development of 
autoantibodies against pancreatic β-cell antigens. The most 
commonly studied and measured islet autoantibodies are 
islet cell antibodies (ICAs), insulin autoantibodies (IAAs), 
glutamic acid decarboxylase autoantibodies (GADAs), insu-
linoma-associated antigen-2 autoantibodies (IA-2As), and 
zinc transporter 8 autoantibodies (ZnT8As).57-59 It should be 
noted that ICAs are not specific for T1D and not generally 
used for T1D screening.60 Children who develop islet autoan-
tibodies before age 2 years usually exhibit ZnT8As and IAAs 
first, while individuals who develop autoantibodies dur-
ing preschool are more likely to exhibit IA-2As and GADAs 
first.61,62 At the time of T1D diagnosis, 50% to 90% of individu-
als are IAA-positive, 50% to 80% GAAD-positive, 50% to 70% 
ZnT8A-positive, and 30% to 70% IA-2A-positive.63

A panel of several of the most common autoantibod-
ies, ie, IAA, GAAD, IA-2A, and ZnT8A, should be used rather 
than individual antibody tests.46,64,65 This strategy is beneficial 
for several reasons. First, an individual may be positive for 
only 1 autoantibody early in the disease course and would 
be missed without performing the complete panel. Second, 
the islet autoantibody profiles of individuals who progress 
to symptomatic stage 3 T1D vary. A diagnosis of T1D can be 
made only when 2 or more autoantibodies persist.

OPTIONS FOR AUTOANTIBODY SCREENING
Panels for screening are accessible to clinicians through 
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commercial labs, as well as programs such as those being 
offered through the JDRF T1Detect program (https://www.
jdrf.org/t1d-resources/t1detect/), or for research purposes 
through TrialNet (https://www.trialnet.org/participate). The 
T1Detect program is a population screening education and 
awareness program for early detection of people with stage 1 
or stage 2 T1D launched in December 2020.66 The intent is to 
decrease the incidence of DKA and help those at risk of pro-
gressing to symptomatic stage 3 and their families develop 
a plan for further monitoring. Reducing the risk of DKA was 
recently found to be of paramount importance to parents 
with and without children with T1D in the United States.67

RECOMMENDATIONS FOR SCREENING
Currently, there are no universally agreed-upon recommen-
dations for islet autoantibody screening for T1D outside of 
the research setting. The guidelines of multiple professional 
organizations including the American Diabetes Association, 
International Society for Pediatric and Adolescent Diabetes, 
and European Society for Paediatric Endocrinology do not 
recommend screening for autoantibodies as standard of 
care, but rather call for them to be performed only within the 
context of a clinical trial. Although the stated rationale for this 
approach is the lack of approved therapeutic options to pre-
vent progression to symptomatic stage 3, the landscape is rap-
idly changing, with several investigational agents currently in 
late-stage development or under review by the US Food and 
Drug Administration and other regulatory bodies. Perhaps 
more importantly, there are data demonstrating reduction 
of DKA in both population and high-risk individual screen-
ing programs. In addition to the immediate life-threatening 
complications of DKA, correlations exist with poorer long-
term glycemic outcomes, making the argument to screen 
compelling. The aspirational goal of population screening is 
important; however, implementation provides formidable 
challenges. In contrast, islet autoantibody screening of those 
at risk, who have a 10-fold-greater risk of developing symp-
tomatic stage 3 T1D in their lifetime, is achievable today.

ROLE OF PRIMARY CARE CLINICIANS IN 
SCREENING AT-RISK INDIVIDUALS
As the primary healthcare clinicians for children and adoles-
cents, family physicians and pediatricians are the anchor of 
their overall healthcare. Consequently, family physicians and 
pediatricians are likely to be the first point of contact when 
a child with T1D becomes clinically symptomatic (stage 3 
T1D). Given the intimacy and familiarity with the family and 
caregivers, the impact that these clinicians can have on pro-
moting awareness of the option and rationale to screen is 
unique. Screening can be performed in a variety of different 

settings, including the office, commercial labs, and at home. 
Moreover, because family physicians provide general care to 
adults with T1D,68 they are in a key position to recommend 
screening of children, siblings, parents, and other relatives of 
their adult patients with T1D. Finally, more than half of inci-
dent cases of T1D are identified as adults; thus, family phy-
sicians should consider T1D in lean adults with evidence of 
hyperglycemia or those diagnosed with type 2 diabetes who 
progress rapidly to require insulin.

CONCLUSION
T1D is an autoimmune disease with 3 stages that can be iden-
tified through islet autoantibody screening. The likelihood 
of developing symptomatic stage 3 T1D approaches 100% in 
the presence of 2 or more antibodies. Detecting the antibod-
ies in asymptomatic, high-risk patients has potential benefits 
including reductions in DKA events as well as short- and 
long-term complications. Family physicians and other pri-
mary care clinicians can play a unique role in their ability to 
promote and recommend the option of screening for families 
who are at risk for developing symptomatic stage 3 T1D.  l
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