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Diabetes mellitus encompasses a
family of disorders of carbohy-
drate metabolism that are char-

acterized by hyperglycemia and the
development of long-term macrovascu-
lar, microvascular, and neuropathic
complications. In 1997, the American
Diabetes Association revised the classi-
fication of diabetes.1 Diabetes is now
classified as type 1 diabetes, type 2
diabetes, other specific types of dia-
betes (e.g., secondary diabetes), or ges-
tational diabetes. Type 1 diabetes is
primary insulinopenic diabetes that is
subclassified as autoimmune type 1
diabetes (type 1a) or idiopathic type 1
diabetes (type 1b).2 The most important
factor differentiating type 1a from type
1b diabetes is the presence of islet
autoantibodies.3

Our goal is to address two key ques-
tions concerning autoimmune type 1 dia-
betes: 1) Which autoantibodies serve as
diagnostic markers of autoimmune type
1 diabetes?, and 2) Can islet autoanti-
bodies that are used to diagnose type 1
diabetes predict the development of type
1 diabetes in nondiabetic individuals?

ISLET AUTOANTIBODIES AS
MARKERS OF AUTOIMMUNE
DIABETES
Many autoantibodies are detected at
the onset of type 1 diabetes. Islet cell
(cytoplasmic) autoantibodies (ICAs)
and islet cell surface autoantibodies
(ICSAs)4–9 were initially described in
the 1970s. In the 1980s, insulin autoan-
tibodies (IAAs),10 64-kDa autoantibod-
ies (64KAs),11 insulin receptor autoan-
tibodies,12 carboxypeptidase-H autoan-
tibodies,13 and heat shock protein
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(HSP) autoantibodies14 were recog-
nized. In the very early 1990s, the
nature of the 64KA autoantigen was
revealed as glutamic acid decarboxy-
lase (GADs) leading to the recognition
of glutamic acid decarboxylase autoan-
tibodies (GADAs).15 Subsequently, a
cascade of various islet autoantibodies
were identified including 51-kDa aro-
matic-L-amino-acid decarboxylase
autoantibodies,16 chymotrypsinogen-
related 30-kD pancreatic autoantibod-
ies,17 DNA topoisomerase II autoanti-
bodies,18 glima 38 autoantibodies,19

GLUT2 autoantibodies,20 glycolipid
autoantibodies,21 GM2-1 islet ganglio-
side autoantibodies,22 IA-2 autoanti-
bodies (IA-2As),23,24 IA-2� autoanti-
bodies (IA-2�As),25 ICA69 autoanti-
bodies,26 islet cell–specific 38-kD
autoantibodies,27 proinsulin autoanti-
bodies,28 and 52-kDa RIN (rat insulino-
ma) autoantibody (Rubella-related
autoantibody).29 New autoantibodies

associated with type 1 diabetes contin-
ue to be discovered.30,31

Four autoantibodies have emerged as
the most useful autoimmune markers of
type 1 diabetes: ICAs, IAAs, GADAs,
and IA-2As.32 IA-2As include ICA512
and IA-2c autoantibodies.

ICAs
ICAs are detected by indirect immuno-
fluorescence using blood group O
human pancreas as substrate. The ICA
assay is labor intensive and non-auto-
mated and requires a very high level of
quality assurance and quality control to
produce accurate and precise results. 

ICAs are polyclonal autoantibodies
that react with all cells of the islet (e.g.,
�, �, �, �, and PP cells). Lipid and pro-
tein autoantigens that are recognized by
ICAs include sialoglycoconjugate,33

GAD,34 and IA-2.35

ICAs, like other islet autoantibodies,
do not appear to play an etiological role
in �-cell destruction but do serve as
important markers of �-cell autoimmu-
nity. At onset of type 1 diabetes, 70% or
more of Caucasians are ICA-positive.36

Only 4 in 10 African Americans with
new-onset type 1 diabetes are ICA-posi-
tive. This suggests that a considerable
proportion of African Americans with
new-onset insulin-requiring diabetes do
not have autoimmune diabetes.37 ICA
frequency declines following diagnosis,
and no more than 5–10% of type 1 dia-
betic patients remain ICA-positive after
10 years.

The general population frequency of
ICAs is low. In the University of Florida
Pasco County School study, ~1 in 250
normal schoolchildren were ICA-posi-

Several autoantibodies are associated
with autoimmune type 1 diabetes.
Measurements of islet autoantibodies
can assist in the diagnosis of autoim-
mune diabetes, and the detection of
islet autoantibodies in nondiabetic
individuals indicates a significantly
increased risk for the subsequent
development of type 1 diabetes.
When preventive therapies for type 1
diabetes become available, islet
autoantibody screening of the general
pediatric population should be con-
sidered to identify at-risk individuals.
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not correlate with autoimmune dia-
betes.55,56

At onset of type 1 diabetes, IAAs
occur in 35–60% of children but are
decidedly less common in adults.57 A new
IAA microassay has been developed that
requires less serum than the traditional
IAA assay.58 At the onset of type 1 dia-
betes in Australians, Feeney et al.59 found
that IAAs were present in 90% of chil-
dren <5 years old, 71% of children 5–10
years old, and 50% of children 10–15
years old. Bingley et al.60 reported IAAs
in 83% of children <10 years old and
56% of children 10 years old or older. 

IAAs occur in many other autoim-
mune diseases including autoimmune
thyroid disease. IAAs were found in
13–44% of Graves’ disease patients and
in 16–23% of Hashimoto’s thyroiditis
patients.61,62 IAAs have also been detect-
ed in Addison’s disease (40%), chronic
hepatitis (36%), pernicious anemia
(40%), systemic lupus erythematosus
(29%), and rheumatoid arthritis (25%).62

Their significance is unknown in the lat-
ter conditions.

GADAs 
GAD is neither �-cell nor islet specif-
ic.63 GAD is expressed predominantly in
the nervous system. Other tissues that
express GAD include the testes, ovary,
adrenal, pituitary, thyroid, and kidney. 

Because GADAs are more persistent
than ICAs after the diagnosis of type 1
diabetes,47 GADAs may be more often
positive than ICAs in LADA. Because
the frequency of LADA is ~5–15%
based on ICA studies, using GADAs as
the autoimmune marker, LADA preva-
lence in phenotypic type 2 diabetes
might be even greater. GADAs have
been a major focus of diabetes research
for more than 10 years.64–70 GADAs are
detected in 60% or more of new-onset
cases of type 1 diabetes and 3–5% of rel-
atives.71

IA-2As
IA-2 is a member of the protein tyrosine
phosphatase (PTP) family.72 Similar to
GAD, IA-2 is found in nervous tissue

F E A T U R E  A R T I C L E

tive.38 Approximately 2–3% of first-
degree relatives of type 1 diabetes
patients are ICA-positive. Shortly, we
will see that this is a pivotal feature of
ICAs that allows the recognition of pre-
diabetes.

The detection of ICAs in adults diag-
nosed clinically with non-insulin-
dependent diabetes has revealed the exis-
tence of latent autoimmune diabetes of
adulthood (LADA), a slowly progressive
form of type 1 diabetes.39–47 After
months to years, affected individuals
become increasingly insulin-dependent
for control of hyperglycemia, which
indicates the slow, persistent progress of
�-cell damage in LADA.

ICA-positive individuals initially
presenting with phenotypic type 2 dia-
betes display lower C-peptide levels and
higher frequencies of the HLA alleles
DR3 and DR4, which are associated with
type 1 diabetes. Between 4 and 17% of
type 2 diabetic patients have LADA
based on the presence of islet autoanti-
bodies. The onset of type 2 diabetes in
lean individuals also suggests LADA and
is an indication for islet autoantibody
testing. The pathophysiology of LADA
is distinct from that of classic type 2 dia-
betes.48,49 ICAs are usually absent in cas-
es of pediatric type 2 diabetes.50–53

Insulin Autoantibodies 
The first islet autoantigen and �-
cell–specific autoantigen reported was
insulin.10 Autoantibodies to insulin
should be sought before the administra-
tion of exogenous insulin (either animal
or human) because after 5–7 days of
exogenous insulin treatment, insulin
antibodies will arise. The immunopre-
cipitation assay for insulin autoantibod-
ies does not distinguish spontaneous
autoantibodies from antibodies arising
from insulin immunization, which
occurs as a consequence of exogenous
insulin therapy. IAAs may occur more
commonly in individuals who carry
HLA-DR4.54 Techniques that detect
insulin autoantibodies by an enzyme-
linked immunosorbant assay should not
be used because IAAs so detected do
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and other endocrine tissues including the
pituitary.73 Some IA-2 autoantibody
assays detect the entire molecule, where-
as others detect portions of the molecule
(e.g., IA-2c and ICA512 assays).

When testing for autoantibodies
against ICA512 or IA-2A in natural his-
tory studies of pre-diabetes, some inves-
tigators suggest that ICA512 autoanti-
bodies develop later than GADAs and
thus may serve as markers of higher
short-term risk for the clinical onset of
type 1 diabetes. Like GADAs, IA-2As
and related PTP autoantibodies have
been a major focus of recent diabetes
research.74–79

IA-2As and IA-2�As are detected in
~60% or more of cases of new-onset
type 1 diabetes.80 The general population
frequencies for these autoantibodies are
similar to those of GADAs at 2–3%. 

A review of 10 representative studies
spanning 1995–1998 that include Ameri-
cans,81 Australians,82 Britains,60 Ger-
mans,83,84 Italians,71,85 Japanese,86 and
Swedes87,88 reveals at the onset of type 1
diabetes ICA frequencies of 70–90%,
IAA frequencies of 43–69%, GADA fre-
quencies of 52–77%, and IA-2A fre-
quencies of 55–75% (Table 1). 

ISLET AUTOANTIBODIES THAT
PREDICT AUTOIMMUNE TYPE 1
DIABETES IN NONDIABETIC
INDIVIDUALS
To understand the predictive role of islet
autoantibody testing for type 1 diabetes,
it is helpful to review the natural history
of type 1 diabetes before diagnosis. �-
Cell destruction can be viewed as rough-
ly passing through five phases: 1) genet-
ic predisposition, 2) autoantibody posi-
tivity, 3) abnormal insulin responses
during intravenous glucose tolerance test
(IVGTT), 4) glucose intolerance on oral
glucose tolerance test (OGTT), and 5)
clinical diabetes (Figure 1).89 The period
of time to develop type 1 diabetes may
take months (young children) to years
(adults).90,91

Most cases of type 1 diabetes occur
sporadically, e.g., in the absence of a
family history of type 1 diabetes in a



type 1 diabetes. IDDM2 is the insulin
gene located on chromosome 11.98–100

Insulin gene alleles may affect the
degree of insulin expression in the thy-
mus gland affecting immunological tol-
erance to insulin.101

Considering our current understand-
ing of the genetics of type 1 diabetes,
most genetically susceptible individuals
defined by HLA typing or other genetic
typing have a low risk for developing
type 1 diabetes. The hope is that by
assessing multiple risk loci, patterns of
alleles can be identified that substantially
increase the predictive value of genetic
typing.

Concordance for type 1 diabetes in
identical twins ranges between 30 and
50%.102 About 75% of nondiabetic twins
who have a twin with type 1 diabetes are
ICA-positive. Thus, up to 75% of the
ICA-positive twins go on to develop type
1 diabetes.
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first-degree relative.92 At most, only 15%
of type 1 diabetic patients have an affect-
ed first-degree relative. In first-degree
relatives of type 1 diabetic patients, there
is a risk of ~5% for developing type 1
diabetes. Children born to fathers with
type 1 diabetes have been reported to be
at higher risk for developing type 1 dia-
betes than children born to mothers with
type 1 diabetes (7 vs. 2%).93,94

Two loci have been confirmed as
type 1 diabetes susceptibility loci where
the specific genes IDDM1 and IDDM2
have been identified.95–97 IDDM1
includes the HLA-DRB1, HLA-DQB1,
and HLA-DQA1 loci within the HLA
complex located on the short arm of
chromosome 6. HLA alleles associated
with proclivity to type 1 diabetes
include HLA-DR3, HLA-DR4, HLA-
DQB1*0201, HLA-DQB1*0302, and
HLA-DR1, whereas HLA-DR2 and
HLA-DQB1*0602 are protective of
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Because concordance for type 1 dia-
betes is 50% at most, environmental fac-
tors must play a significant role in the
development of type 1 diabetes.103 Many
environmental factors have been
explored as possible triggers of �-cell
autoimmunity including viral infec-
tions,104 diet (e.g., nitrosamines in
smoked meat),105,106 and breast-feeding
and early exposure to cow’s milk.107–112

The specific environmental factor or fac-
tors that precipitate �-cell autoimmunity
in type 1 diabetes remain elusive.

In genetically at-risk individuals,
sometime after exposure to the proposed
environmental trigger or triggers, �-cell
autoimmunity is first recognized by the
detection of islet autoantibodies.113 Cell-
mediated autoimmunity is believed to
mediate �-cell destruction. Although it
is extremely difficult to reproducibly
measure cellular autoimmunity, the
assays for humoral autoimmunity are
reasonably accurate and precise. Islet
autoantibodies can appear throughout
childhood in siblings of type 1 diabetic
probands.114

The cell-mediated immune attack
targeted against �-cells is histologically
termed “insulitis.”115–117 Insulitis has
been observed in animal models of
autoimmune diabetes including in the
BioBreeding rat,118 in the nonobese dia-
betic mouse,119 and as streptozotocin-
induced diabetes in mice. It has also
been observed in 80% of individuals
with clinical type 1 diabetes who come
to autopsy within 6 months of
diagnosis.120,121 Using a pancreatic biop-
sy technique in living human subjects,
Japanese investigators have observed
insulitis before the later development of
type 1 diabetes.122 In prospective studies

Table 1. Islet Autoantibody Frequency Comparisons in New-Onset Type 1 Diabetes (Single Studies)

Swedes87 Italians71 Germans83 Swedes88 Australians82 Britains60 Germans84 Americans81 Italians85 Japanese86

ICA 84 88 75 87 70 88 69 90 85 —
IAA 56 — — — 65 69 43 — — —
GADA 70 70 75 66 69 74 52 72 77 70
IA-2A — 54 73 68 60 75 55 63 62 58

Data are % positive.

Figure 1. Progressive loss of �-cell mass in the natural history of type 1 diabetes.



glucose, 110–125 mg/dl) or after a glu-
cose challenge (impaired glucose toler-
ance, 2-hour glucose 140–199 mg/dl),
which is more likely in younger chil-
dren. Such a degree of �-cell impairment
is similar to the �-cell dysfunction
observed in individuals with type 2 dia-
betes. Individuals with LADA experi-
ence a very gradual decline in �-cell
function. However, in individuals who
eventually present with typical acute-
onset type 1 diabetes, frank clinical dia-
betes develops within 1–2 years of the
onset of oral glucose intolerance. By the
time an insulin-dependent state occurs,
manifested in acute symptoms of type 1
diabetes, �-cell mass is estimated to
have declined by ~90% or more from
baseline.

The potential of islet autoantibodies
to predict type 1 diabetes is discussed
below.130,131

ICAs: Prediction of Type 1 Diabetes 
In a prospective study of first-degree rel-
atives of type 1 diabetic patients from
the University of Florida,132 ICA titers
>40 Juvenile Diabetes Foundation (JDF)
units predicted a 70% 7-year risk for
type 1 diabetes, ICAs of 20–40 JDF
units predicted a 20% risk, and ICAs of
10 JDF units predicted a 10% risk.
Other studies have also found that a
higher ICA titer is associated with a
higher risk for type 1 diabetes.133

A question of great relevance is
whether ICAs predict type 1 diabetes in
individuals who do not have a family
history of type 1 diabetes. This is an
important issue because 85% of people
who develop type 1 diabetes are from
the general population, i.e., lacking a
family history of type 1 diabetes. This
question was addressed in the Pasco
County, Fla., prospective study of
schoolchildren.38 Approximately 10,000
normal schoolchildren were screened
for ICAs. Those with ICAs (0.59% of
the all children screened) were entered
into a prospective study and followed
for the development of type 1 diabetes.
The 7-year risk for type 1 diabetes in
these otherwise normal ICA-positive
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of initially nondiabetic individuals,
ICAs, IAAs, GADAs, and IA-2As have
all been detected before the diagnosis of
type 1 diabetes.123

The first biochemical evidence of �-
cell dysfunction can be detected by a
loss of first-phase insulin response to the
administration of intravenous glu-
cose.124–127 IVGTT measures the �-cell’s
content of preformed insulin and its abil-
ity to release that insulin in response to
an acute intravenous glucose challenge.
Usually, first-phase insulin response is
measured as the sum of the plasma
insulin concentration at 1 plus 3 minutes
after the acute glucose bolus injection.

In an OGTT, there are three forms
of �-cell stimulation: autonomic nerv-
ous system stimulation of insulin secre-
tion, rising systemic glucose levels, and
release of glucagon-like peptide-1 from
the intestine. On the other hand, in the
IVGTT, there is only one type of
insulin stimulus (i.e., rising plasma glu-
cose), and thus with fewer �-cell stim-
uli, the IVGTT is apparently more sen-
sitive than the OGTT in indicating
�-cell dysfunction. In fact, �-cell
insulin response to intravenous amino
acids (e.g., arginine) is preserved
longer than the insulin response to
intravenous glucose.128

There is a predictable rate of decline
in insulin secretion in those people with
ICAs that ultimately go onto develop
type 1 diabetes.129 Nevertheless, the
course of the development of type 1 dia-
betes is often most properly described as
a waxing-waning pattern of insulin
secretion that is typical of many autoim-
mune diseases (e.g., systemic lupus ery-
thematosus). In this phase of the destruc-
tive process, the OGTT is normal and
thus there are no detectable abnormali-
ties of glucose tolerance excluding the
IVGTT. It is estimated that by the time
the first-phase insulin response during
IVGTT is low, there has been a 50%
decline in �-cell mass.

When more �-cell mass has been
lost (substantially <50% but >10% still
remaining), the OGTT may display
abnormalities at fasting (impaired fasting
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children was 45% compared to 43% in a
group of age-matched relatives of type 1
diabetic patients (P = 0.3). Thus, ICAs
appear to be as valuable for the predic-
tion of type 1 diabetes in the general
population as they are in relatives of
type 1 diabetic patients.

Age at the time of detection of ICAs
influences the risk for type 1 diabetes. In
the University of Florida prospective
family studies, the 7-year risk for type 1
diabetes in ICA-positive individuals <10
years old was ~80% versus 20% in those
ICA-positive individuals >10 years of
age.132,134 The risk in children <2 years
old was ~90%. In the Bart’s-Windsor,
Bart’s-Oxford prospective family stud-
ies,133 the risk for type 1 diabetes in the
youngest ICA-positive quartile (<13.2
years old) was 62% versus 4% in the
oldest quartile (>40.7 years old).

�-Cell function assessment in addi-
tion to the presence of islet autoantibod-
ies influences the prediction of type 1
diabetes. The presence of decreased first-
phase insulin responses during IVGTT
in ICA-positive children predicts a 5-
year risk for type 1 diabetes of 50–65%.
During the Diabetes Prevention
Trial–Type 1, these data were borne out
in a 60% risk for type 1 diabetes.

IAAs, GADAs, and IA-2As:
Prediction of Type 1 Diabetes
Most current studies involve investiga-
tions of multiple islet autoantibodies.
The ability of a single autoantibody by
itself to predict type 1 diabetes is limit-
ed. In the Florida school study, none of
the IAA-positive, ICA-negative children
developed type 1 diabetes.38 However,
IAAs in combination with ICAs
increased the risk of developing type 1
diabetes. In a study from the Joslin
group,135 the predicted 5-year risk for
progression to type 1 diabetes in ICA-
negative/IAA-positive relatives was 17
versus 42% for ICA-positive/IAA-nega-
tive relatives and 77% for ICA-
positive/IAA-positive relatives.

As noted above, some serial autoan-
tibody studies in infants indicate that
IAAs may, however, be the first islet



From the Barbara Davis Center in
Denver, Colo., first-degree relatives with-
out any islet autoantibodies had a 5-year
risk for type 1 diabetes of only 0.2%.145

When testing for GADAs, ICA512bdc
autoantibodies (an IA-2A assay based on
immunoprecipitation of the ICA512
autoantigen), and/or IAAs, the risk for
type 1 diabetes was 15% with one
autoantibody, 44% with two autoantibod-
ies, and 100% with three autoantibodies.

In the Milan, Italy, family studies,146

the 6-year risk for type 1 diabetes was
26% for ICA positivity, 18.2% for
GADA positivity, 17.9% for IA-2A posi-
tivity, and only 5.6% for IAA positivity.
Whereas the 6-year risk with no islet
autoantibodies was 0% and the 6-year
risk with any one islet autoantibody was
2.9%, when two or more islet autoanti-
bodies were present, the 6-year risk rose
~10-fold over the risk from any one islet
autoantibody to 31.4%.

In the University of Florida study of
15,224 nondiabetic relatives of type 1
diabetic probands,147 ICAs were the most
sensitive marker for the 5-year prediction
of type 1 diabetes. ICAs carried a 74%
risk for type 1 diabetes, GAD65A
(autoantibody to GAD65) carried a 60%
risk, IA-2As carried a 54% risk, IAAs
carried a 50% risk, and IA-2�s carried a
34% risk.147 The 5-year risk data demon-
strate that as the number of islet autoanti-
bodies increase in any individual, so does
the risk for type 1 diabetes (Table 2). 

CONCLUSIONS
Islet autoantibodies are very common at
the time of onset of type 1 diabetes. Islet
autoantibody testing can confirm
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autoantibody to develop during progres-
sion to type 1 diabetes.136–139 The pres-
ence of IAAs do influence diabetogene-
sis.140 In the Seattle Family Study, which
included first-degree relatives of type 1
diabetic probands, GADAs predicted a
50% 5-year risk for type 1 diabetes.141 In
the Munich, Germany, family study,84

GADA-positive relatives had a 56% 5-
year risk for developing type 1 diabetes
versus a 24% risk in GADA-negative
relatives. Surprisingly, Yu et al.142 found
that very high levels of GADAs are less
likely to predict type 1 diabetes. In the
Munich, Germany, family study,84 IA-
2A–positive relatives had a 64% 5-year
risk for type 1 diabetes versus a 13% risk
in IA-2–negative relatives. 

As with any assay, the cutpoint cho-
sen to define positivity influences the
sensitivity and specificity of the assay.
Raising the cutoff increases the predic-
tive power of autoantibodies, although
the number of autoantibody-positive
people declines as the cutoff increases.

Multiple Islet Autoantibodies:
Prediction of Type 1 Diabetes
Nondiabetic individuals who express
combinations of islet autoantibodies
have a much higher risk for type 1 dia-
betes than individuals who express
fewer types of islet autoantibodies.141–143

Furthermore, the total number of types
of islet autoantibodies is usually more
important than the specific combination
of positive islet autoantibodies. For
example, the addition of any positive
islet autoantibody to ICA positivity in
the Bart’s-Windsor, Bart’s-Oxford
prospective family studies144 raised the
15-year risk for type 1 diabetes from 47
to 66%. ICAs alone provided a 6% 10-
year risk versus a 27% 10-year risk for
ICAs plus one other islet autoantibody
and an 88% 10-year risk for ICAs plus
two other islet autoantibodies. Of the
islet autoantibody–positive cohort, 36%
were positive for ICAs alone, 38%
were positive for ICAs and one other
islet autoantibody, and 27% were posi-
tive for ICAs and two other islet
autoantibodies.
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autoimmunity in cases of new-onset dia-
betes and can differentiate type 1 from
type 2 diabetes: islet autoantibody-posi-
tive individuals should be classified as
having type 1a diabetes. The absence of
islet autoantibodies, however, does not
exclude type 1 diabetes.123 The appear-
ance of islet autoantibodies in pancreas
transplant recipients predicts recurrence
of type 1 diabetes.148 Type 1 diabetes
can occur after organ donation, and thus
living kidney donors from families with
histories of type 1 diabetes should be
screened for islet autoantibodies.149

Individuals with phenotypic type 2 dia-
betes who express islet autoantibodies
are affected with LADA. Islet autoanti-
bodies predict type 1 diabetes in rela-
tives of type 1 diabetic probands as well
as in the general population.150 Combin-
ations of autoantibodies enhance pre-
dictability. 

Once therapies are developed that
can prevent type 1 diabetes when applied
in the prediabetic phases of �-cell
autoimmunity,151 large screening pro-
grams for islet autoantibodies should be
undertaken in children. Screening on at
least two occasions appears warranted:
before age 5 and before puberty. This is
because diabetes appears first near age 5
and then peaks with puberty.152 Combi-
nation islet autoantibody assays, e.g., the
simultaneous detection of GADAs and
IA-2As,153,154 will likely supplant ICAs
testing in future screening programs.

It is potentially valuable to predict
type 1 diabetes because 1) early treat-
ment of type 1 diabetes with tight
glycemic control preserves �-cell func-
tion, prolonging the honeymoon peri-

Table 2. University of Florida Study of Nondiabetic Relatives of Type 1
Diabetic Probands

Islet autoantibody status 5-year risk of developing type 1 diabetes (%)
ICA-negative 3.2
ICA alone 5.3
IAA alone 9.1
Any two islet autoantibodies 28.2
ICA-positive � one other islet autoantibody 50.3
IAA-positive � one other islet autoantibody 55.7
Any three or four islet autoantibodies 66.2
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