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OBJECTIVE

Type1diabetes (T1DM) is associatedwithother autoimmunediseases (AIDs),which
may have serious health consequences. The epidemiology of AIDs in T1DM is not
well defined in adults with T1DM. In this cross-sectional cohort study, we sought to
characterize the incident ages and prevalence of AIDs in adults with T1DM across a
wide age spectrum.

RESEARCH DESIGN AND METHODS

A total of 1,212 adults seen at the Washington University Diabetes Center from
2011 to 2018 provided informed consent for the collection of their age, sex, race, and
diseaseonsetdata.Weperformedpairedassociationanalysesbasedonageatonset
of T1DM. Multivariate logistic regression was used to evaluate the independent
effects of sex, race, T1DM age of onset, and T1DMduration on the prevalence of an
additional AID.

RESULTS

Mean6 SDage of T1DMonsetwas 21.26 14.4 years. AID incidence and prevalence
increased with age. Female sex strongly predicted AID risk. The most prevalent
T1DM-associated AIDs were thyroid disease, collagen vascular diseases, and
pernicious anemia. T1DM age of onset and T1DM duration predicted AID risk.
Patients with late-onset T1DM after 30 years of age had higher risks of developing
additional AIDs compared with patients with younger T1DM onset.

CONCLUSIONS

The prevalence of AIDs in patients with T1DM increases with age and female sex.
Later onset of T1DM is an independent and significant risk factor for developing
additional AIDs. Individuals who are diagnosed with T1DM at older ages, particularly
women, should be monitored for other autoimmune conditions.

Type 1 diabetes (T1DM) is a common autoimmune disease (AID) that affects at least
30 million people worldwide (1,2). Its rising incidence is driven by the interplay
between individual genetics and environmental triggers (3,4). T1DM is characterized
by autoimmune destruction of pancreatic islet b-cells, resulting in insulin deficiency
and necessitating lifelong hormone replacement therapy. Classically described as a
disease of childhood, T1DM is increasingly diagnosed in adults (5–7), and with longer
life expectancy for all patients with T1DM, the overall prevalence of T1DM in adults
has risen substantially. Although tremendous attention is devoted to screening for
and management of diabetes-related microvascular and macrovascular complications
in T1DM, less attention has been paid to the characterization of AIDs and related
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immune deficiency disorders. These ad-
ditional AIDs add to the complexity of
diabetes management and disease bur-
den for patients with T1DM.
Although overall AID prevalence is

estimated to be 4–9% in the general
population (8,9), the risk is markedly
increased in individuals with established
autoimmunity (10,11). Despite frequent
AID associations in T1DM, the epidemi-
ology of T1DM-related AIDs has been
examinedmoreextensively in youngage-
groups (1,10,12–14). Even adult T1DM
studies tend to focus on those aged,30
years (15–17). Additionally,many studies
have only reported AIDs affecting endo-
crine glands and have not included the
broader spectrum of both organ-specific
and systemic AIDs. Certain AIDs in T1DM
have been underreported, particularly
neurological diseases and immune de-
ficiency disorders (11,18,19). Thus, we
have a limited understanding of the life-
time risk of AIDs in adults with T1DM.
These gaps of knowledge lessen our
ability to anticipate the development
of AIDs in this at-risk population.
In this study, we sought to determine

the prevalence and risk factors associ-
ated with concomitant AIDs in .1,000
adultswith T1DM. In addition to age, sex,
and race demographics, we collected
age of onset data for T1DM and for all
additional AIDs. We report the preva-
lence of both organ-specific and systemic
AIDs in persons with T1DM across a wide
age spectrum and examine the relation-
ship of AIDs with age, race, sex, age of
T1DM onset, and T1DM duration. We
discuss the implications of these findings
for AID screening and highlight T1DM
age of onset as a new predictor for AID
development in later adulthood. By de-
fining the prevalence of AIDs in adults
with T1DM, we aim for a better under-
standing of shared pathogenesis of these
autoimmune disorders that will inform
future study, health planning, and pre-
ventive strategies.

RESEARCH DESIGN AND METHODS

This study was approved by the Wash-
ington University Human Research Pro-
tection Office. Among a total of;1,500
patients with T1DM seen at the Wash-
ington University Diabetes Center be-
tween 2011 and 2017, 1,212 individuals
gave consent and comprised the study.
Written, verbal, or electronic consent

was obtained from all participants,
and a standardized interview and sur-
vey were conducted by physicians or
trained coordinators, including ques-
tions about patient date of birth, sex,
race, age of onset of T1DM, types of
concomitant autoimmune and immune
deficiency diseases, and ages of onset
for each disease. All patient chartswere
reviewed for accuracy of self-reported
survey data and to obtain additional
information including pertinent medi-
cal history, laboratories, and office
notes from other specialists. Although
the bulk of survey data were accurate per
patient report (example: presence and
age of onset of vitiligo), occasional di-
agnoses were changed after chart review
(example: a patient reported hypothy-
roidism and was found to have a history
of Graves disease and thyroid ablation).
A small number of patients contributed
records from outside sources. Overall,
,5% of data points were gleaned or
changed as a result of chart review. Ex-
clusion criteria included type 2 diabetes,
monogenic diabetes, diabetes related
to pancreatic disease, and checkpoint
inhibitor-induced T1DM. Patients with
T1DM were treated by multiple practi-
tioners, and therewas no standard screen-
ing protocol for AIDs or immune deficiency
disorders. No diagnostic, antibody, or ge-
netic tests were performed for the study.

Statistical Analysis
Prevalence of additional AIDs was com-
paredbetweenmales versus females and
among races using a x2 test and Fisher

exact test when appropriate. T1DM ages
of onset in patients with or without ad-
ditional AIDs were compared using a Stu-
dent t test. Associations between AID
frequency (categorized as 0, 1, 2, 3,
or .3) and T1DM age of onset were
evaluated using Pearson correlation. As-
sociations between sex and total AID
burden were analyzed with the Mann-
Whitney U test. Multivariate logistic
regression was used to evaluate the in-
dependent effects of sex, race, age of
T1DM onset, and T1DM duration on the
prevalence of additional AIDs. Current age
was not included in themultivariatemodel
due to multicollinearity between current
age and age of T1DM onset. Spearman
correlation analysis showed a high degree
of correlationbetween these twovariables
(r = 0.45886; P , 0.0001). A two-tailed
P value of ,0.05 was considered signifi-
cant. SAS version 9.4 (2012; SAS Institute
Inc., Cary, NC) was used for data analysis.

RESULTS

Participants included 1,212 individuals
with T1DM, age range 19–96 years,
mean 6 SD 46.8 6 16.2 years, and
median 46 years (Table 1). The majority
of participants were aged $30 years
(82.1%) at the timeof this study,whereas
17.9% were ,30 years of age. Partici-
pants were 51.8% female; 89.6% were
white, 9.0% black, and 1.4% other race/
ethnicity.Meandurationof T1DMfor the
entire cohort was 25.5 6 15.0 years.
Mean age of onset of T1DM was 21.2 6
14.4 years, median 18.0 years, and range

Table 1—Cohort demographics

Participants
(n = 1,212)

No additional
AID (n = 787)

Additional
AID (n = 425) P value

Age (years), mean (SD) 46.8 (16.2) 44.3 (16.0) 51.3 (15.7) ,0.0001

Sex ,0.0001
Men 584 (48.2) 444 (76.0) 140 (24.0)
Women 628 (51.8) 343 (54.6) 285 (45.4)

Race/ethnicity 0.1264
White 1,086 (89.6) 695 (64.0) 391 (36.0)
Black 109 (9.0) 79 (72.5) 30 (27.5)
Other 17 (1.4) 13 (76.5) 4 (23.5)

Age (years) ,0.0001
#29 217 (17.9) 174 (80.2) 43 (19.8)
30–39 241 (19.9) 176 (73.0) 65 (27.0)
40–49 222 (18.3) 146 (65.8) 76 (34.2)
50–59 243 (20.1) 139 (57.2) 104 (42.8)
$60 289 (23.8) 152 (52.6) 137 (47.4)

Age of T1DM onset
(years), mean (SD) 21.2 (14.4) 20.1 (13.7) 23.4 (15.4) 0.0001

Data are n (%) unless otherwise specified. P values are unadjusted.
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1–78 years. A total of 35.1% of patients
had at least one AID in addition to T1DM.

AID Burden Increases With Age
AID burden increased with age in both
men and women (Table 1 and Fig. 1A).
Whereas 19.8% of patients with T1DM
aged #29 years had additional AID, this
percentage steadily increased over the
next age decades to 34.2% of those aged
40–49 years and 47.4% of those .60
years of age (Table 1). Mean current age
for those without an additional AID was
44.3 6 16.0, whereas the mean age for
patients with an additional AID was
51.3 6 15.7, suggesting an association
of older age with accumulated AIDs (P ,
0.0001) (Table 1). After adjusting for age

of T1DM onset, sex, and race, a multi-
variate logistic regression model showed
that participants with an age $60 years
had the highest risk of having an addi-
tional AID compared with participants
aged #29 years (odds ratio [OR] 3.70
[95% CI 2.35–5.84]; P, 0.0001) (Table 2).

Prevalence of AID by Sex
Risk of developing additional AIDs with
increasing age was more pronounced in
women than men (Fig. 1A). Women were
also more likely than men to develop
multiple AIDs in addition to T1DM (P ,
0.0001) (Fig. 1B). After adjusting for
age of T1DM onset and race/ethnicity,
multivariate logistic regression analysis
showed that female sex predicts greater

odds of developing an additional AID (OR
2.75 [95% CI 2.13–3.55]; P , 0.0001)
(Table 2).Womenwere particularly prone
to developing thyroid disease, pernicious
anemia, vitiligo, rheumatoid arthritis,
lupus, and neurological AID (all x2 P ,
0.01) (Table 3), as well as celiac dis-
ease and IgA deficiency (all x2 P ,
0.05) (Table 3). No AID showed statisti-
cally significant male predominance (all
x2 P . 0.05) (Table 3).

AID Burden Increases With T1DM Age
of Onset and T1DM Duration
We explored the risk of AIDs with age of
onset of T1DM and found that older age
of T1DM onset was associated with
higher AID risk. Mean age of onset of
TIDM in patients with no additional AID
was 20.1 years, whereas T1DM age of
onset in patients with $1 AID was 23.4
years (Table1).Comparedwithchildhood-
onset T1DM (#10 years of age), the risk
for additional AIDs is increased for T1DM
onset at age31–40years (OR2.36 [95%CI
1.51–3.69]; P = 0.0002) and $41 years
(OR3.42 [95%CI: 2.15–5.43];P,0.0001)
(Table 2). Using 30 years of age as a
separator, those with T1DM onset at
$30 years had significantly higher risk
of AIDs (OR 2.13 [95% CI 1.59–2.85]; P,
0.0001) (Table 2). The full breakdown of
AID burden by T1DM onset age is shown
in Supplementary Table 1. Duration of
T1DM was also found to be a significant
risk factor for additional AIDs, indepen-
dent of age of T1DM onset. The highest
risk was seen in those with .40 years of
T1DM duration (OR 3.08 [95% CI 1.97–
4.81]; P , 0.0001) (Table 2).

Prevalence of AID by Race/Ethnicity
Multivariate logistic regression showed
that blacks were less likely than whites to
develop an additional AID after adjusting
for sex and T1DM age of onset (OR 0.71
[95% CI 0.45–1.12]; P = 0.1382) (Table 2).
Among 29 total AID types, hypothyroid-
ism and pernicious anemia were signif-
icantly more prevalent in whites than
blacks (x2 P , 0.01) (Table 3). Hyper-
thyroidism, alopecia, and multiple scle-
rosis occurred more frequently in blacks
than whites (x2 P , 0.05) (Table 3).

Prevalence of AID by Disease Type
AIDs spanned a spectrum, with 29 dis-
crete AIDs incurred by patients with
T1DM in our study cohort (Table 3).
Thyroid diseases were the most common

Figure 1—AID burden increases with age and female sex. A: Increased age is associated with
additional AIDs in both men and women. ORs are reported in Table 2. B: Women are more likely
than men to have multiple AIDs in addition to T1DM. Wilcoxon-Mann-Whitney P , 0.0001.
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and affected 26.6% (n = 322) of partic-
ipants, including 22.0% with hypo-
thyroidism (n = 267) and 5.0% with
hyperthyroidism (n = 61). Also of partic-
ularly high representation were autoim-
mune collagen vascular diseases (6.5%;
n=79), skinandhairdisorders (4.5%;n=54),
and pernicious anemia (4.5%; n = 55).
Gastrointestinal AIDs (3.7%; n = 45), im-
mune deficiencies (1.8%; n = 22), and
neurological diseases (1.5%; n = 18) were
less common. Individual disease preva-
lence for some of themost commonAIDs
was within expected range as previously
reported in patients with T1DM: rheuma-
toid arthritis (2.8%WashingtonUniversity
cohort vs. 2.5% previously reported
[20,21]), pernicious anemia (4.5% vs. 3–
5% [22,23]), inflammatory bowel disease
(1.5% vs. 1.5% [24]), and Addison disease
(0.6% vs. 0.3–1.6% [12,25]). In contrast,
celiac disease, which typically peaks
in the young, was slightly underrepre-
sented in our study (2.6% vs. 3.8–6.4%
[11,26,27]).

AID Age of Onset
Ages of onset of the most prevalent AIDs
are shown by whisker plot in Fig. 2,
whereas the full list is available in
Supplementary Table 2. Among the
29 AIDs, only three diseases (juvenile
rheumatoid arthritis, scleroderma, and
autoimmune hepatitis) occurred at a
younger mean age than T1DM, at 3.5,
19.0, and19.5years, respectively, though

case number was low for all three. Other
AIDs were diagnosed at ages $22 years
and most after 30 years of age. Mean
age of diagnosis of hypothyroidism (34.7
years) was more than a decade after
the mean age of onset of T1DM (21.2
years). Even celiac, a disease that often
presents in childhood, was diagnosed
across a broad age range, with a surpris-
ingly latemean age of onset of 39.5 years
in this cohort. Diseases with the latest
age of onset included pernicious anemia
(mean6 SD 48.56 15.1 years), primary
biliary cirrhosis (52.7 6 7.6 years), and
Sjogren (57.6 6 9.2 years).

CONCLUSIONS

This study examines an adult cohort with
T1DM, asking three questions: 1) what
is the prevalence of autoimmune con-
ditions in adults with T1DM, 2) when do
they develop in relation to T1DM onset,
and 3) what factors are related to the
development of concomitant AIDs? Pre-
vious surveys of AID prevalence in T1DM
have focused on children and young
adults, providing only a partial view of
the lifetime risk of AIDs in association
with T1DM. These studies also tend not
to report age of onset of T1DM, blurring
the distinction between early- and later-
onset T1DM (1,11). These issues were
rectified in our study. Our cohort had a
high incidence of adult-onset T1DM and
high overall prevalence of AIDs. Previous

studies in young T1DM cohorts have
estimated 33–36% of individuals at T1DM
onset or soon thereafter to exhibit
markers of nonislet autoimmunity, but
only half had clinical disease (10,12). In
our cohort with older median age and
longer T1DM duration, 35.1% carried
diagnoses of comorbid AIDs, a figure
that would have been higher had those
with positive antibodies but clinically
silent disease been counted. Themajority
of individual AIDs had prevalence similar
to that in previously studied T1DM co-
horts with comparable age and ethnicity.
Thus, thehighAID incidence inour study is
not due to overrepresentation of select
AIDs but to capture of a wide array of
diseases including neurological and im-
mune deficiency disorders.

Yet this age-dependent increase in AID
prevalence is not simply explained by
accrued AIDs over time. Rather, at least
two other factors are at play: age itself
is a risk factor for autoimmunity (28–30),
and the timing of T1DM onset as well
as T1DM duration were predictors of AID
burden (11). Greater AID occurrence has
been observed in those diagnosed with
T1DM later in childhood in a pediatric
study (16). Our data set extends this
finding to the adult population, showing
that later-onset T1DM (aged$30 years)
is an independent risk factor for concom-
itant AIDs, with an OR of 2.13 compared
with earlier T1DM onset. An age of$30
years was chosen as the cutoff because
it is a more stringent definition of adult-
onset T1DM and because this group
exhibits distinct patterns of antibody
positivity and clinical characteristics
(5,31,32). In our study, 30 years of age
indeed appears to be an inflection point,
after which we observe a linear increase
in the OR of developing AIDs, suggesting
that the older the individual at the time
of T1DM diagnosis, the greater his or her
risk for autoimmunity. In light of recent
reports of T1DM being increasingly di-
agnosed in adulthood (5–7), our study
demonstrates a compound increase in
T1DM-associated AIDs as a function of
T1DMonsetage. Thisfinding is important
for both understanding disease mecha-
nism and improving clinical surveillance,
and it should alert clinicians to the ne-
cessity of autoimmune screening in sus-
ceptible individuals.

To identify subpopulations most at risk
for T1DM-associated AIDs, we examined
the relationship between AID frequency

Table 2—Late-onset T1DM predicts risk of additional AIDs

Adjusted OR (95% CI) P value

Sex
Men Reference
Women 2.75 (2.13–3.55) ,0.0001

Race
White and other Reference
Black 0.71 (0.45–1.12) 0.1382

Duration of T1DM (years)
#10 Reference
11–20 1.11 (0.74–1.67) 0.6144
21–30 1.66 (1.09–2.52) 0.0184
31–40 1.66 (1.06–2.60) 0.0281
$41 3.08 (1.97–4.81) ,0.0001

Age of T1DM onset (years)
#10 Reference
11–20 1.30 (0.92–1.84) 0.1318
21–30 1.55 (1.05–2.28) 0.0274
31–40 2.36 (1.51–3.69) 0.0002
$41 3.42 (2.15–5.43) ,0.0001
#29 Reference
$30 2.13 (1.59–2.85) ,0.0001

ORs, CIs, and P values were based on multivariate logistic regression analyses of odds of
additional AIDs.
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and sex, race, and othermodifiers. T1DM
is unique among AIDs in that it affects
women and men equally. Yet in our
cohort of roughly equal men and women
with underlying T1DM, women outnum-
ber men in 24 out of 29 AID categories
and are at 2.75 times greater risk than
men to acquire additional AIDs, a result
strikingly similar to previous population-
based estimates (33). In contrast, the
impact of race/ethnicity on AID develop-
ment is disease specific. In autoimmune
thyroid disease, Hashimoto thyroiditis
was more often seen in whites, whereas
Graves disease was more common in
blacks. Higher percentages of blacks were
also affected with skin and hair disorders
(alopecia), collagen vascular disease

(rheumatoid arthritis and systemic lupus
erythematosus), and neurological disease
(multiple sclerosis). HLA as the primary
genetic factor in the development of
organ-specific autoimmunity may well
underlie the heterogeneity that we ob-
serve among race/ethnic groups and
those with unique AID cluster patterns.
Certain genome-wide association study
single nucleotide polymorphisms, de-
pending on the individual’s HLA back-
ground, may also modify T1DM age of
onset and polyglandular autoimmunity
(34,35). Due to study limitations, genet-
ics were not evaluated in our patients.

Strengths of this study include its
comprehensive cataloging of AIDs and
capture of age of onset of both T1DM

and all of the concomitant AIDs. We
observed a broad range of T1DM age of
onset and many other AIDs. Certain AIDs
such as thyroid disease, collagen vascu-
lar disease, pernicious anemia, immune
deficiency disorders, and neurological
diseases developed a decade or more
after T1DM onset. Exceptions included
skin and hair disorders, particularly al-
opecia, which tends to occur before or
concurrently with T1DM. Interestingly,
the ages of onset among AIDs do not
necessarily predict clinical outcome. Al-
though early-onset systemic lupus er-
ythematosus may predict more active
disease, other diseases such as thyroid
disease, rheumatoid arthritis, or multi-
ple sclerosis tend to evolve differently,

Table 3—Individual AID demographics

AID Total N (%) Male Female Caucasian and other Black

T1DM 1,212 584 628 1,103 109

Thyroid disease 322 (26.6) 106 (18.2)** 216 (34.4)** 301 (27.3) 21 (19.4)
Hypothyroidism 267 (22.0) 89 (15.2)** 178 (28.3)** 255 (23.1)** 12 (11.0)**
Hyperthyroidism 61 (5.0) 17 (2.9)** 44 (7)** 51 (4.6)* 10 (9.2)*

Collagen vascular disease 79 (6.5) 21 (3.6)** 58 (9.2)** 69 (6.2) 10 (9.2)
Rheumatoid arthritis 34 (2.8) 7 (1.2)** 27 (4.3)** 28 (2.5) 6 (5.5)
Psoriasis 25 (2.1) 9 (1.5) 16 (2.6) 24 (2.2) 1 (0.9)
MCTD 4 (0.3) 2 (0.3) 2 (0.3) 4 (0.4) 0 (0)
JVRA 4 (0.3) 1 (0.2) 3 (0.5) 3 (0.3) 1 (0.9)
Lupus 12 (1.0) 1 (0.2)** 11 (1.8)** 10 (0.9) 2 (1.8)
Sjogren 7 (0.6) 1 (0.2) 6 (1.0) 6 (0.5) 1 (0.9)
Granulomatosis with polyangiitis 3 (0.2) 0 (0) 3 (0.5) 2 (0.2) 1 (0.9)
Scleroderma 1 (0.1) 0 (0) 1 (0.2) 1 (,0.1) 0 (0)

Skin and hair disorders 54 (4.5) 16 (2.7)** 38 (6.1)** 47 (4.3) 7 (6.4)
Vitiligo 37 (3.1) 8 (1.4)** 29 (4.6)** 35 (3.2) 2 (1.8)
Alopecia 18 (1.5) 8 (1.4) 10 (1.6) 13 (1.2)* 5 (4.6)*

Pernicious anemia 55 (4.5) 9 (1.5)** 46 (7.3)** 54 (4.9) 1 (0.9)

Gastrointestinal AIDs 45 (3.7) 14 (2.4)* 31 (5.0)* 43 (3.9) 2 (1.8)
Celiac disease 31 (2.6) 8 (1.4)* 23 (3.7)* 30 (2.7) 1 (0.9)
Ulcerative colitis 12 (1.0) 4 (0.7) 8 (1.3) 11 (1.0) 1 (0.9)
Crohn disease 6 (0.5) 4 (0.7) 2 (0.3) 5 (0.5) 1 (0.9)

Immune deficiency disorders 22 (1.8) 4 (0.7)** 18 (2.9)** 21 (1.9) 1 (0.9)
IgA deficiency 12 (1.0) 2 (0.3)* 10 (1.6)* 12 (1.1) 0 (0)
Common variable immunodeficiency 11 (0.9) 2 (0.3) 9 (1.4) 10 (0.9) 1 (0.9)

Neurological disease 18 (1.5) 3 (0.5)** 15 (2.4)** 12 (1.1)** 6 (5.5)**
Moyamoya† 3 (0.2) 0 (0) 3 (0.5) 3 (0.3) 0 (0)
Multiple sclerosis 4 (0.3) 0 (0) 4 (0.6) 1 (,0.1)** 3 (2.8)**
Myasthenia gravis 2 (0.2) 1 (0.2) 1 (0.2) 1 (,0.1) 1 (0.9)
Uveitis 5 (0.4) 0 (0) 5 (0.8) 4 (0.4) 1 (0.9)
Autoimmune neuropathy (CIDP) 2 (0.2) 1 (0.2) 1 (0.2) 1 (,0.1) 1 (0.9)
Stiff person syndrome 3 (0.2) 1 (0.2) 2 (0.3) 3 (0.3) 0 (0)

Autoimmune liver disease 7 (0.6) 2 (0.3) 5 (0.8) 5 (0.5) 2 (1.8)
Primary biliary cirrhosis 3 (0.2) 0 (0) 3 (0.5) 2 (0.2) 1 (0.9)
Primary sclerosing cholangitis 2 (0.2) 2 (0.3) 0 (0) 2 (0.2) 0 (0)
Autoimmune hepatitis 2 (0.2) 0 (0) 2 (0.3) 1 (,0.1) 1 (0.9)

Premature ovarian failure 9 (0.7) 0 (0) 9 (1.4) 7 (0.6) 2 (1.8)

Addison disease 7 (0.6) 3 (0.5) 4 (0.6) 7 (0.6) 0 (0)

Data are n (%). List arranged in descending order of disease prevalence. CIDP, chronic inflammatory demyelinating polyneuropathy; JVRA, juvenile
rheumatoid arthritis; MCTD, mixed connective tissue disease. *P , 0.05. **P , 0.01. †Possible autoimmune etiology.
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and severity is not always influenced
by age of onset. Nonetheless, knowing
when to anticipate the development
of AIDs and understanding their early-
stage symptoms will help physicians to
diagnose these conditions sooner, which
may improve outcomes.
The limitations of this study are that it

was performed at a single center, which
as a tertiary referral center may have
attracted more complex patients and
thus higher AID caseload. In contrast,
the lack of standardized screening proto-
cols may have contributed to an under-
estimateofAIDprevalence. Autoantibody
testing was done as indicated for clinical
diagnosis, but was not done for screening
purposes due to its low positive predictive
value, particularly in the less common
AIDs. Mortality data were not collected,
and the known higher mortality among
those with earlier T1DM onset (36,37)
could have lowered our AID detection rate
in younger-onset patients. Another limi-
tation was the lack of genetic testing due
to study design. As HLA typing becomes
more rapid and cost-effective, we would
consider including it in future studies to
gain valuable mechanistic information.
Our study provides evidence that

T1DM age of onset is an independent

predictor of disease comorbidities. This
leads to a critical question: is the asso-
ciation of T1DM with other AIDs simply
correlative, or does first having T1DM as
an index disease change the immune
phenotype and predispose the individual
to having more or less AID? We speculate
that late-onset T1DM may represent an
immunologically distinct disease from
classic childhood-onset T1DM. This leads
to a second question: what are the
modifiable factors underlying multisys-
tem autoimmunity, and how might one
target prevention or treatment? Trials of
immunomodulatory therapy have shown
promise in slowing T1DM progression and
in preserving b-cell function. Longitudinal
follow-up of these study populations who
have received early disease-modifying
therapy may shed light on whether re-
versing nascent islet autoimmunity can
alter other disease risk later in life. The
worldwide incidence of autoimmune dis-
orders is on the rise. Clustering of AIDs in
individuals is common, but determining
specific disease risks will require more
studies that span the age spectrum and
provide genetic information. Future in-
vestigations would benefit from immune
genotyping and phenotyping to under-
stand the etiopathology and natural

history of AIDs, with the potential to trans-
form disease diagnosis and management.
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