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Abstract

Context—Worldwide studies show that the type 1 diabetes (T1D) incidence is increasing by 3% 

annually.

Objectives—We investigated the recent incidence of T1D in a US Midwestern county to 

determine whether this increase has been sustained and compare to celiac disease (CD) incidence. 

The prevalence of (CD), an associated autoimmune disease, within the cohort was also 

investigated.

Design—A broad search strategy was used to identify all cases of T1D in Olmsted County, 

Minnesota, between January 1,1994 and December 31, 2010 using the Rochester Epidemiology 

Project. Diagnosis and residency status were confirmed through the medical record. Incidence 

rates were directly standardized to the 2010 United States population. Poisson regression was used 

to test for a change in incidence rate. Clinical charts were reviewed to confirm case status.

Setting—Population-based study in Olmsted County, Minnesota.
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Main Outcome Measure—The trend in T1D incidence in a population-based study in a 

Midwestern US county.

Results—There were 233 incident cases of T1D. Directly adjusting for age and sex with respect 

to the 2010 US white population, the overall annual incidence of T1D was 9.2 (95% CI, 8.0-10.4) 

per 100,000 people per year among all ages and 19.9 (95% CI, 16.6-23.2) per 100,000 per people 

per year for those younger than 20 years. There was no significant increase in the incidence of 

T1D over time (P=.45). Despite the overall stability in annual incidence, there was an initial 

increasing trend followed by a plateau. Of the 109 T1D patients (46%) tested for CD, 12% had 

biopsy-proven CD.

Conclusions—The incidence of T1D has stopped increasing in Olmsted County, Minnesota, in 

the most recent decade. Further studies are needed to confirm this finding and explore reasons for 

this plateau.
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Recent studies describe an increasing incidence of T1D by an average of 3% annually 

worldwide (1), along with increases in various populations with varying degrees of genetic 

susceptibility. The rates at which the incidence is increasing vary depending on geographic 

location (1): incidence rates ranged from 20.0 to 57.2 per 100,000 in Sweden from 2006 to 

2011 (2), whereas China had the lowest reported incidence rate of 3.0 per 100,000 but also 

saw the mean incidence rate increase by about 14% annually from 1997 to 2011 (3). Some, 

but not all, studies show sex differences in incident cases. One difficulty in these reports is 

the varying eligibility criteria for populations enrolled in studies. Varying ages and age 

cutoffs have been used. Numerous European studies have used an age cutoff of <15 years (4, 

5, 6) while the US used age < 20 years (5). Population-based studies are difficult to perform 

in the United States because of the lack of population databases. One large US study showed 

the incidence of T1D to increase from 2002 to 2009 (7).

The environmental drivers behind the rising incidence remain unclear. To date, many 

theories implicate infectious causes (8), improved sanitation, widespread use of antibiotics, 

increased cesarean deliveries (9), low vitamin D levels (10), and increased gluten 

consumption and timing of its introduction (11, 12).

The relationship among T1D incidence, gluten exposure, and comorbid celiac autoimmunity 

is of interest for several reasons. Patients with T1D are at increased risk for CD, another 

common immune-mediated disease, characterized by destruction of small bowel mucosa 

with gluten exposure (13, 14, 15). The incidence of CD also has been rapidly increasing 

globally at all ages (16, 17) and is most likely driven by some potent environmental factor(s) 

interacting with similar human genetic susceptibilities. A closer relationship between these 

diseases was recently suggested; detection of CD and early treatment with mass screening 

have decreased the subsequent incidence of T1D in children (18).

In this study, we analyzed the annual incidence of T1D in Olmsted County, Minnesota, from 

January 1,1994 to December 31, 2010 by sex and age to determine trends in incidence, 
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determine the proportion of the cohort with CD, and compare the T1D incidence trends to 

previously reported Olmsted County CD incidence trends (16).

Methods

This study was approved by the institutional review boards of Mayo Clinic and Olmsted 

Medical Center, Rochester, Minnesota. The Rochester Epidemiology Project (REP) is a 

database that allows for population-based studies in Olmsted County, Minnesota (19). 

According to the 2010 US census, there were 144,248 Olmsted County residents. Two health 

systems, Mayo Clinic and Olmsted Medical Center, provide almost all the medical care in 

the county, including outpatient, inpatient, and emergency department settings. All residents 

of the county who receive any care at either institution are entered into the REP database, 

which links medical charts and indexes demographics, diagnoses, surgical interventions, and 

medications. The reliability and validity of the REP have been described elsewhere (19).

The diagnosis and classification of diabetes has changed over the past 60 years, transitioning 

from classification by treatment method to classification by clinical and etiologic grounds 

(20). Because of these changes and subsequent potential for incorrect coding (eg, diabetes 

mellitus or T2D rather than T1D), a broad search was first performed through several 

databases to identify incident cases of T1D from 1994 through 2010. The REP database 

served as the main database to identify patients using the terms “diabetes” and “insulin use” 

within 1 year of diabetes diagnosis. In addition, the REP database was searched using 

diagnosis codes 250.01, 250.03, 250.1, 250.11, 250.13, 250.33, 250.91, and 250.93. The lists 

were merged, and the charts of identified patients were then reviewed. Patients who received 

oral hypoglycemic agents for at least 1 year were excluded.

Mayo Clinic Life Science Systems Advanced Cohort Explorer and prior studies (13, 21) 

were also used to identify any residual incident cases of T1D that may have been overlooked 

in the electronic search in Olmsted County. The Advanced Cohort Explorer is a search 

engine that allows for rapid searching of text within laboratory results, all aspects of clinical 

notes including the past medical history, problem lists, and diagnostic codes in the clinical 

notes of the electronic medical record system at Mayo Clinic. The corresponding 

demographic data are also available. For this database, the terms “type 1 diabetes” and “type 

1” AND “diabetes” were searched within the past medical history, primary diagnosis, 

diagnoses, and secondary diagnoses clinical notes sections from 1994 through 2010. These 

lists were then merged to remove redundancy.

All identified charts were then reviewed individually to exclude patients with diabetes other 

than T1D in accordance with the American Diabetes Association's classification and 

diagnosis of diabetes (20). T1D was defined as ketosis (ketoacidosis or greater than 

ketonuria), catabolic symptoms at diagnosis, insulin use from diagnosis and continued use at 

1 year, and no use of oral hypoglycemic medications for longer than 1 year. Some young 

adults may have an inaccurate diagnosis of T2D, but after subsequent failure of oral 

hypoglycemic therapy, they may subsequently be realized to have had T1D (20). These 

patients were included based on clinical diagnosis by us or results of specific testing (ie, C-

peptide or GAD autoantibodies associated with T1D) (20). Patients who did not clearly fit 
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the classification of T1D were included based on clinical review on the basis of glucose 

variability (intraday hypo- and hyperglycemia documented serving as a surrogate for T1D) 

documented in the laboratory section of the medical record (22). Patients with development 

of diabetes after longstanding chronic pancreatitis or pancreatectomy were excluded.

Latent autoimmune diabetes in adults (LADA) was recognized in the 1970s (23) as a form of 

diabetes that combined features of both T1D and T2D. Although the Expert Committee on 

the Diagnosis and Classification of Diabetes Mellitus does not distinguish LADA from T1D 

diabetes, more recent publications suggest that there are genetic, clinical, and laboratory 

differences between them (20, 24, 25). Thus, patients with LADA were excluded. LADA 

was defined as presence of a positive glutamic acid decarboxylase antibody, age of onset 

older than 35 years, and use of oral hypoglycemic agents for at least 6 months. Because 

these criteria are not sufficient to distinguish LADA from T1D or T2D, additional criteria 

were also used: nonobese or lean body habitus, less likely than T1D to initially present in 

ketosis, rapid progression to insulin use, and C-peptide levels higher than expected for T1D 

yet lower than expected for T2D. If the distinction between T1D and LADA was not as 

clear, intermediate C-peptide levels were the main determining factor (25).

We also analyzed presence of CD among the identified patients with T1D. CD was defined 

as positive anti-tissue transglutaminase serologies and endoscopic biopsy with at least partial 

villous atrophy as defined by modified Marsh grade (26). For those diagnosed with CD in 

another county, reference to the above criteria within clinical documentation and response to 

a gluten free diet (normalized anti-tissue transglutaminase antibodies and symptomatic 

improvement) was regarded as a a CD diagnosis.

For all included patients, Olmsted residency status was confirmed. According to Minnesota 

law, only patients who consented to participate in research were included in the study. Table 

1 displays the methodological approach and identification of T1D incident cases.

Statistical Analysis

All residents of Olmsted County, Minnesota, with a new diagnosis of T1D between January 

1,1994 and December 31, 2010 were counted as incident cases. Incidence rates were the 

number of cases per age-, sex-, and calendar time-specific strata, divided by the 

corresponding county population based on the annual census. For age, we focused on age < 

20 years and age > 20 years to align with that of the US SEARCH study (7). Age- and sex-

adjusted incidence rates were standardized against the 2010 US white population; 95% CI 

was estimated from the Poisson distribution. Although incidence is described with sex-

specific rates over intervals of age and calendar years (for brevity), trends in incidence were 

analyzed with multivariable Poisson regression using a more granular form of the data based 

on strata of single years of calendar time and age. The nonparametric Loess method, 

weighted according to population counts, was used to estimate smoothed incidence trends 

for time and age. To prevent the type 1 error rate from increasing, we tested 2-way 

interactions among, time, age, and sex with a likelihood ratio test. Statistical analyses were 

performed with SAS version 9.3 statistical software (SAS Institute Inc), and P<0.05 was 

considered statistically significant.
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Results

Type 1 Diabetes Incidence

After patient exclusions (including 12 with LADA), 233 Olmsted County, Minnesota, 

residents (134 male, 99 female) were identified with a new diagnosis of T1D during the 17-

year study period. An overwhelming majority (88%) of incident cases were Caucasian 

(n=200; 6 with unknown race were omitted from this estimate). The median age at diagnosis 

was 15.6 years (range, 1.4-79.5 years), with the majority of cases (60%) being in those 

younger than 20 years. The overall incidence rate of T1D was 9.2 (95% CI, 8.0-10.4) cases 

per 100,000 per year, directly adjusting for age and sex with respect to the 2010 US white 

population. The age-adjusted rate by sex was 10.5 (95% CI, 8.7-12.3) per 100,000 for males 

and 7.7 (95% CI, 6.2-9.2) per 100,000 for females. For persons younger than 20 years, the 

age- and sex-adjusted annual incidence rate of T1D was 19.9 (95% CI, 16.6-23.2) per 

100,000: age-adjusted to 23.2 (95% CI, 8.7-12.3) per 100,000 for males and 16.5 (95% CI, 

6.2-9.2) per 100,000 for females.

Trends

From 1994 through 2010 the average annual incidence rate was 9.2 (95% CI, 8.0-10.4) per 

100,000, directly adjusting for age and sex with respect to the 2010 US white population. 

There was no linear trend in the annual incidence over the entire study period (P=.45), 

although some fluctuations in the rates were seen (Figure 1A). In particular, the annual 

incidence rate increased during the first part of the study, peaking at 15.2/100,000 in 2004, 

and subsequently decreased. The lowest rates were seen in 1994 (6.2/100,000) and years 

near the end of the study period (7.0 and 7.6 per 100,000 in 2006 and 2009, respectively). 

Although not hypothesized a priori, we tested whether this pattern reflected a nonlinear 

trend as described by a quadratic function of calendar year, but the result was statistically 

non-significant (P=.06). As in the incidence across all ages, there was no significant linear 

trend in the incidence of T1D among those younger than 20 years (P=.40) (Figure 1A).

Age and Sex

Incidence of T1D varied with respect to age and sex (Table 2). Incidence was adequately 

described by a quadratic function of age (P<.001), based on rates increasing over early 

childhood (0-4 years) and peaking among older children (roughly 5-14 years), then 

decreasing with age in older adolescents and adults (≥ 15 years). However, this relationship 

between incidence and age, particularly during childhood, was dependent on sex (test of 

interaction between quadratic age and sex, P<.001). The early increase in incidence 

appeared to peak in females just before age 10 years, whereas rates among males continued 

to increase until mid adolescence (Figure 1B). Expressed by age groups, peak rates of 

incidence corresponded to females aged 5 to 9 years (27.3/100,000) and to males aged 10 to 

14 years (37.2/100,000). The sex-dependent association between incidence and quadratic 

age were found in all patients younger than 20 years.
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Celiac Disease

Of the 233 incident cases of T1D, 109 patients (46%) underwent serologic testing for CD 

(eg, anti–tissue transglutaminase antibodies) for various reasons (eg, symptoms, screening, 

prior research studies). Of those tested (n=109), 13 (12%) ultimately had biopsy-proven CD. 

Thus, based on the small numbers tested, 5.6% of the cohort has CD.

Discussion

Several findings from our study were unexpected. First, no linear trend was seen in the 

incidence rate of T1D during January 1, 1994 through December 31, 2010, which is in 

contrast to the current literature. The incidence during the study years was dynamic, with an 

initial increase until 2004, followed by a slight decrease in the latter half of the time period 

(Figure 1). In addition, the peak incidence in T1D occurred during a similar time frame as 

that of CD incidence in Olmsted County, Minnesota, which suggests a shared environmental 

trigger beyond genetic predisposition. Diagnostic and clinical characteristics of CD in 

Olmsted County, Minnesota, have been well described. CD incidence increased in this 

population from the 1950s until a peak in 2003, remaining stable thereafter (16, 17).

Until now, prior studies showed a worldwide increasing incidence of T1D, which peaked 

interest in its pathogenesis. The US SEARCH study group (7) estimated the incidence of 

T1D in those younger than 20 years in different geographic locations, including Washington, 

California, Colorado, South Carolina, and Ohio, during 2001 through 2004. Through these 

centers, subjects from Hawaii, New Mexico, and Arizona also participated. Patients were 

classified as having T1D on the basis of clinical and laboratory data. The study found the 

incidence to increase from 24.4 to 27.4 per 100,000 during the study years.

The differences in findings between the US SEARCH study and our population-based cohort 

raise several important points, including the potential effect of geography and the time frame 

studied. Although prior studies have all noted an increased incidence, the rates of increase 

varied, and the incidence rates themselves vary significantly worldwide. Others have 

suggested that geography has a role in T1D incidence (1). These geographic differences are 

both genetic (eg, HLA subtypes) and environmental. To name a few, degree of a nation's 

development, antimicrobial use, and gluten ingestion have been implicated as environmental 

factors. The etiologies at work in our community may differ from those in other countries. 

Our finding of a nonlinear trend, however, is inconsistent with that of another US study (7). 

Heterogeneity within the United States is unlikely to be the sole explanation for the 

differences.

The study period, 1994 to 2010, overlaps with that of the other studies. Thus, it is unlikely 

that the different results obtained are solely due to differences in the years examined. This 

unexpected trend should encourage the continued tracking of T1D incidence worldwide, 

because the previously documented trend may be changing. In addition, the nonlinear trend 

seen in our study also needs further investigation. The first part of the study revealed a rising 

trend, followed by a falling trend in the second part. This finding prompts more questions 

than the overall nonlinear trend in T1D incidence. The question is no longer the lack of 

increasing incidence but what triggers a shift in the trends. Age may also impact incidence to 
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some extent. One group noted that the T1D incidence increased and those incident cases 

were younger at diagnosis (4), suggesting that this rise in T1D incidence is greater or more 

significant within certain subgroups. However, geography and age are unlikely to provide 

the only answers. We must obtain a broader perspective on factors that may influence T1D 

incidence, including autoimmune conditions associated with T1D, such as CD.

Comparing the incidence rates of T1D with those of CD in Olmsted County revealed an 

interesting observation. The peak incidences of the diseases both occurred within a 1-year 

period. Figure 2 shows the annual incidence of CD superimposed on the overall annual 

incidence of T1D in Olmsted County, Minnesota (27). Both curves reflect dynamic 

incidence rates during the study years. Although incidence of T1D was higher than CD over 

the first few years of the study period, rates appeared to converge during the middle portions 

(roughly 2000-2002) and peak shortly after that (T1D in 2004, and CD in 2003). Annual 

incidence of CD surpassed that of T1D in 2003, after which CD rates leveled off yet 

remained higher compared to the declining rates of T1D over the remainder of the study 

period. Common environmental factors have potentially influenced the development of these 

disorders in people with shared genetic risk. The factors may indirectly or directly affect 

T1D incidence. Our current idea emphasizes the shared genetic predisposition of the two 

conditions. It is possible, however, that a more direct relationship exists between CD led to a 

decreased incidence of T1D (18).

Risk factors for both T1D and CD are being studied at the animal, genetic, and 

epidemiologic levels. Current knowledge suggests that a gluten-free diet may affect dendritic 

cells and the subsequent development of diabetes (28). HLA markers may help determine 

the risk of CD in patients with T1D (29, 30). The role of perinatal environment and the 

microbiome is also under examination. Children born by cesarean delivery and during 

summer months have been reported to be at increased risk for both T1D and CD (31).

The same group noted that females had an increased risk of both T1D and CD (31). 

Hormones may also have a role, but there is a clear gap in knowledge of the role of sex in 

development of these related autoimmune conditions. Considering the role of sex in each 

condition makes its role less clear. Females are more likely than males to have CD, but 

males and females are almost equally affected by T1D. Furthermore, studies of T1D 

incidence disagree the most regarding the effect of sex. In our study, a statistically 

significant increase in T1D incidence was seen only in male patients, a finding not supported 

by all prior studies. Clinical research teams must consider the intricate relationships among 

autoimmune diseases as a clue to help identify which factors influence progression of 

disease.

We recognize the limitations of our study, including clinically defining T1D and residency 

status. The evolving definition of T1D in the early to mid 1990s limited the study years, 

precluding the study of incident cases prior to 1994. While residency status is clearly 

defined for purposes of population-based studies and the REP, it has several practical 

challenges. Residents of southeastern Minnesota may move in and out of the county during 

their lifetime, and several towns span Olmsted County lines. Furthermore, while a prior 

study demonstrated that Olmsted County, Minnesota is representative of the non-Hispanic 
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white US population, we recognize the small sample size and the impact this has on 

applying our findings to other areas in the US (19). The prevalence of CD cannot be 

adequately assessed in the cohort due to the low proportion of subjects tested.

Conclusion

Our study, which considered similar years as in prior studies, showed no significant linear 

trend in T1D incidence between 1994 and 2010. Although a gradual increase in incidence 

appears evident for roughly the first half of this period, the rates do not continue to increase, 

and perhaps even decline, during the latter half of the time frame. This observation is in 

marked contrast to prior studies, which underscores the importance of additional studies, 

continued monitoring over time, and identification of factors that may have altered the 

trajectory in incidence trends. The peak incidence of T1D in our study was temporally 

related to that of CD, which spurs us to further investigate the connection between these 

genetically and possibly environmentally related autoimmune diseases, especially because 

the rate of diagnosis per year is higher for T1D than for CD. Identification of such 

environmental factors can then guide how these environmental triggers are addressed to 

influence development of T1D.
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Figure 1. 
Trends in Incidence of Type 1 Diabetes in Olmsted County, Minnesota, 1994-2010. A, 

Incidence of T1D overall and in those younger than 20 years. Loess-estimated curves depict 

smoothed trends in incidence (and 95% confidence bands) from the data defined according 

to granular strata; symbols reflect annual rates summarized across both sexes and the entire 
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age range. B, T1D incidence by age and sex. Symbols represent sex-specific rates 

summarized by groupings of age: 0-4, 5-9, 10-14, 15-19, 20-29, and 30-39 years (older age 

groups were omitted because of very low incidence).
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Figure 2. 
Incidence of Type 1 Diabetes and Celiac Disease in Olmsted County, Minnesota, 1994-2010. 

Loess-estimated curves depict smoothed trends in incidence (and 95% confidence bands) of 

T1D (solid line) and CD (dashed line); symbols correspond to year-specific incidence rates 

summarized across both sexes and all ages.
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Table 1
Methodology of Identifying Type 1 Diabetes Cases in Olmsted County, Minnesota, 

1991-2010a

Search Strategy

Rochester Epidemiology Project Mayo Clinic Life Science Systems Advanced 
Cohort Explorer

Prior Studies

Search terms “diabetes” and “insulin use within 1 
year of diagnosis”

Search past medical history, primary diagnosis, 
diagnoses, and secondary diagnoses of clinical 
documentation for ‘type 1 diabetes’ and ‘type 1’ 
AND ‘diabetes’

Participation in Mahmud et al (13) 
and Dyck et al (21)

Search diagnostic codes 250.01, 250.03, 250.1, 
250.11, 250.13, 250.33, 250.91, 250.93

Confirm Type 1 Diabetes Diagnosis

Symptoms Medications Laboratory tests

Ketosis Insulin use at diagnosis and continued use for 1 
year

C-peptide

Catabolic symptoms No use of oral hypoglycemic agents for >1 year Glucose variability

Confirm Residency Status

Confirm Celiac Disease Diagnosis

a
An exhaustive search was followed by review of clinical documentation to confirm T1D diagnosis. Those with latent autoimmune diabetes in 

adults (LADA) were excluded on the basis of recent studies suggesting a difference in pathogenesis and epidemiology between T1D and LADA.
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Table 2
Incidence of Type 1 Diabetes in Olmsted County, Minnesota, (1994-2010): Incident Cases 
by Age, Sex, and Calendar Time

Variable Females (n=99) Males (n=134) All Patients (N=233)

Age, ya

 0-4 11 (12.7) 11 (12.0) 22 (12.4)

 5-9 22 (27.3) 18 (21.3) 40 (24.2)

 10-14 16 (20.2) 31 (37.2) 47 (28.9)

 15-19 8 (9.6) 22 (26.4) 30 (18.0)

 20-29 14 (7.4) 24 (14.7) 38 (10.8)

 30-39 13 (7.2) 18 (10.4) 31 (8.8)

 ≥40 15 (3.3) 10 (2.5) 25 (2.9)

Yearsb

 1994-1998 7.2 (4.4-10.0) 9.6 (6.3-12.8) 8.4 (6.3-10.6)

 1999-2002 9.8 (6.2-13.4) 11.1 (7.2-15.0) 10.5 (7.8-13.1)

 2003-2006 7.5 (4.4-10.5) 12.3 (8.4-16.2) 9.9 (7.5-12.4)

 2007-2010 6.9 (3.9-9.8) 8.9 (5.6-12.3) 8.0 (5.7-10.2)

Overallb

 All Agesc 7.7 (6.2-9.2) 10.5 (8.7-12.3) 9.2 (8.0-10.4)

 Age <20 yd 16.5 (12.2-20.7) 23.2 (18.2-28.2) 19.9 (16.6-23.2)

a
Results presented as No. of cases (annual unadjusted incidence rate per 100,000 cases per year).

b
Results presented as incidence (95% CI) per 100,000 cases per year directly adjusted to the 2010 US white population according to age and sex.

c
Incidence with respect to an all-age population, based on a total of 233 cases (age range, 1.4-79.5 years).

d
For reference, incidence was computed for an age-restricted population using the numerator of 139 cases and denominator of age younger than 20 

years.
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