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ABSTRACT 
 
 

Aims/hypothesis: The aim of this study was to investigate whether proportion of 

type 1 diabetic births differed by month and season.  We hypothesized that more 

births occur during the spring and summer months in all populations, except in 

low-prevalence populations.   

Methods: Using type 1 diabetic participants recruited for the Type 1 Diabetes 

Genetics Consortium, we compared the observed number of births to the 

expected number of births in Australia, Canada, Poland, Spain and the United 

States.  Reference populations were drawn from the Center for Disease Control 

(CDC) and the United Nations (UN) databases.  Monthly and seasonal 

differences in the proportion of type 1 diabetic births were assessed by Poisson 

regression.  The regression models were stratified by nationality, gender and 

race, where possible.   

Results: Differences in birth patterns by month and season were not observed in 

the overall type 1 diabetic population.  In the United States, a statistically 

significant difference for birth month was found with more type 1 diabetics born in 

June and August than expected.   

Conclusions: These results suggest that monthly or seasonal influences may 

contribute to the development of type 1 diabetes.  This finding could support the 

hypothesis that viruses occurring during pregnancy, specifically in the summer 

and fall months, a time of increased viral activity, may contribute to the monthly 

differences.  However, other hypotheses such as environmental factors post-birth 
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are possible.  Future research should investigate seasonality of birth patterns 

during known times of viral epidemics.  
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CHAPTER ONE 

Introduction 

Proposed Cause of Type 1 Diabetes 

 Type 1 diabetes mellitus, previously called insulin-dependent diabetes or 

juvenile-onset diabetes, develops when the immune system destroys pancreatic 

β-cells.  The pancreatic β-cells make insulin, which regulates an individual’s 

blood glucose.  Onset of type 1 diabetes typically occurs during childhood or 

early adulthood; although onset can occur later in some individuals.1 Type 1 

diabetes has a multi-factorial origin involving a combination of genetic, biological, 

and environmental factors resulting in a wide spectrum of incidence rates 

between various populations with distinct variation by race and ethnicity.   

 The genetic influence on type 1 diabetes is primarily associated with the 

human leukocyte antigen (HLA) region of chromosome 6, namely HLA-DR3 and 

HLA-DR4 alleles.  Nearly 98% of persons with type 1 diabetes have DR3 and/or 

DR4 and persons with both alleles are particularly susceptible to develop type 1 

diabetes.2-3 While genetic susceptibility appears necessary, it is not sufficient to 

cause the development of the disease.  The concordance for type 1 diabetes in 

monozygous twin pairs is only about 36%.2, 4 Additionally, incidence varies 

among persons with the same genotype.  While genetics plays a role in 

development of type 1 diabetes, more than 80% of cases of type 1 diabetes 

occur in individuals with no family history of the disease. 2, 5 

 Racial and ethnic background represents one of the most significant 

determinants for development of type 1 diabetes.  Past research has shown that 
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Caucasians have a higher incidence rate than African Americans, Asians, and 

Hispanics.  Gender, however, does not appear to be a significant determinant of 

type 1 diabetes.   

 The development of type 1 diabetes also depends on biological influences 

such as the presence of autoantibodies to islet cell antigens.  There are two 

peaks for age of onset of type 1 diabetes.  The first is in early childhood (0-4 

years of age) and the second is around puberty (10-14 years of age).  Onset of 

type 1 diabetes often occurs in winter and spring months.2  

 Several environmental factors have been suggested to contribute to the 

development of type 1 diabetes. These include intrauterine infections, dietary 

intake of certain nutrients and possible toxic food components, short duration of 

breastfeeding, early exposure to cows’ milk proteins, vitamin D deficiency, 

maternal age, birth order, and socioeconomic status.   

 The combination of these influences leads the individual’s immune system 

to attack and destroy the β-cells in the pancreas that produce insulin, ultimately 

leading to the development of type 1 diabetes.  More than 90% of the β-cells 

must be destroyed prior to development of type 1 diabetes.  This latency period 

further leads to the challenge of understanding the etiology of type 1 diabetes.   

The discrepant incidence rates among populations, the increase in risk at 

puberty and the more frequent onset of type 1 diabetes during the winter, all 

suggest that while genetic and biological influences are important, viruses, 

nutrition, and other socioeconomic factors may also be involved in the 

development of type 1 diabetes.   
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Epidemiology of Type 1 Diabetes 

In children younger than 14 years of age, 0.02% of the global population 

has been diagnosed with type 1 diabetes.  Incidence of type 1 diabetes is 

increasing in many countries, with an estimated annual increase of 3%.   This 

translates to 70,000 new cases of type 1 diabetes worldwide.6 

Within the United States, type 1 diabetes is the third most prevalent 

chronic disease of childhood, affecting 0.3% of the general population by 20 

years of age and a lifetime risk of nearly 1%.7 The total number of persons with 

type 1 diabetes in the United States is estimated to be between 300,000 – 

500,000 individuals.  Estimates of prevalence among United States children vary 

but cluster around 1.7 per 1,000 and equate to approximately 123,000 children 

with type 1 diabetes.8 Within the United States, the prevalence of type 1 diabetes 

varies by ethnic group.  The estimated prevalence in non-Hispanic white children 

younger than 20 years has ranged between 1.0 -  2.9 per 1,000, whereas in the 

other racial and ethnic groups, this prevalence is estimated to range from 0.2 – 

2.1 per 1,000.9  

Among chronic childhood diseases, the incidence of type 1 diabetes is 

higher than any other chronic disease of youth, including all childhood cancers.  

Within the United States, the incidence is estimated to be increasing at the rate 

of 2 - 5% per year.10   

Incidence rates of type 1 diabetes vary dramatically throughout the world.  

The highest reported incidence rates are in the Scandinavian countries, 

particularly Finland, as well as in Sardinia, Italy.  In these areas, incidence rates 



4 
 

as high as 45 per 100,000 per year have been reported.2, 11-16 These rates are 

more than 15 times greater than the incidence rates found in Asian, Hispanic, 

and Native American populations, where incidence rates are generally 3 per 

100,000 or less.2, 11, 17-22 Incidence rates in the United States, Australia and other 

European countries are intermediate, ranging from 3-19 per 100,000 per year.2, 

16, 22    

Ethnically heterogeneous populations, such as the United States and 

Canada, show differences in incidence rates per 100,000 based on ethnicity, 

ranging from 3.3 in African Americans to 20.6 in Caucasians.7,16,23-25  However, in 

ethnically homogenous populations, such as Japan, the incidence rates show 

little variation between geographical areas within the country.8, 26  Table I 

summarizes the incidence rates reported worldwide.   
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Table I.  Reported incidence rates of type 1 diabetes in children ≤ 14 years 

of age worldwide (per 100,000 per year)27 

Country Incidence Rates (95% CI) 
Africa  
Algeria 5.7 (3.6 - 8.5) 
Sudan 5.0 (3.7 – 6.5) 
Mauritius 1.4 (0.8 – 2.1) 
  
Asia  
China (Shanghai) 0.7 (0.5 – 0.9) 
China (Beijing) 0.9 (0.7 – 1.1) 
China (Changsha) 0.3 (0.2 – 0.4) 
China (Hong Kong) 1.3 (0.8 -  2.2) 
Israel 6.0 (5.4 – 6.7) 
Japan (Okinawa) 1.4 (0.8 – 2.2) 
Pakistan 0.7 (0.4 – 1.0) 
Russia 6.0 (5.2 – 6.9) 
  
Europe  
Austria 9.6 (8.8 – 10.3) 
Denmark 15.5 (13.3 – 18.0) 
Finland 36.5 (34.8 – 38.3) 
France 8.5 (7.9 – 9.1) 
Germany 11.0 (10.3 – 11.7) 
Italy (Sardinia) 36.8 (33.7 – 40.0) 
Italy (Eastern Sicily) 11.7 (9.8 – 13.9) 
Lithuania 7.4 (6.6 – 8.3) 
Luxemburg 11.4 (8.1 – 15.6) 
The Netherlands 13.0 (11.7 – 14.4) 
Norway 21.2 (19.2 – 23.3) 
Poland (Krakow) 6.1 (5.4 – 6.9) 
Romania 5.0 (4.1 – 6.1) 
Slovakia 8.5 (7.8 – 9.3) 
Slovenia 7.9 (6.7 – 9.2) 
Spain 12.5 (11.6 – 13.5) 
Sweden 27.5 (26.4 – 28. 7) 
United Kingdom (Oxford) 17.8 (16.2 – 19.5) 
United Kingdom (Ireland) 19.7 (17.8 – 21.8) 
  
North America  
Canada (Alberta) 24.0 (20.6 – 27.8) 
United States (Allegheny County, PA) 17.8 (15.5 – 20. 3) 
United States (Jefferson County, AL) 15.0 (12.2 – 18.2) 
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United States (Chicago, IL) 11.7 (10.5 – 13.1) 
  
South America  
Brazil 8.0 (5.5 – 11.1) 
Chile 1.6 (1.3 – 2.0) 
Paraguay 0.9 (0.7 – 1.1) 
Venezuela 0.1 (0.1 – 0.2) 
  
Central America and West Indies  
Barbados 2.0 (0.3 – 6.4) 
Cuba 2.9 (2.6 – 3.2) 
Dominica 5.7 (1.5 – 14.7) 
Mexico 1.5 (0.7 – 2.9) 
  
Oceania  
Australia 14.5 (13.4 – 15.6) 
New Zealand (Auckland) 12.9 (10.9 – 15.3) 
New Zealand (Canterbury) 21.9 (17.3 – 27.3) 
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Gender differences in incidence and prevalence have not been found 

consistently; however, some studies report that for Caucasians, males have a 

slighter higher incidence rate, whereas in non-Caucasians, a slight excess is 

seen in females.8   

Rationale to Focus on Birth Patterns in Type 1 Diabetes 

With the increase in incidence of type 1 diabetes and the significant 

economic costs associated with this disease, understanding the etiology of this 

disease is critical.  Differences in the proportion of births of children who 

eventually develop type 1 diabetes by season, as compared to the general 

population, suggest that environmental factors operating around the antenatal 

and perinatal period could contribute to the development of type 1 diabetes. 

Geographical and temporal variations in the birth patterns of children with type 1 

diabetes suggest a potential interaction between seasonality and risk, where an 

environmental factor with periodic or episodic features could be linked to the 

development of type 1 diabetes.   

Previous studies have hypothesized that mothers who conceive during the 

yearly season of certain viral epidemics transmit the viruses to the fetus.  Thirty-

two days after implantation, and throughout the remainder of fetal life, the 

pancreatic endocrine cells develop and organize into the islets of Langerhans.28 

If the mother contracts a virus that is pathogenic to the β-cells, depending upon 

the frequency and amount of damage to the β-cells during pregnancy, the child 

may be predisposed to type 1 diabetes at some point during their life.  If the 
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mother transmits antibodies, rather than the virus to the fetus, the baby may be 

protected.   

Due to the racial and ethnic differences in incidence rates, analysis of birth 

patterns by race and ethnicity is important.  By understanding whether seasonal 

or monthly differences exist in the number of births of children who eventually 

develop type 1 diabetes in any population, and identifying the populations where 

the differences are present, advancements in the understanding of the 

epidemiology of type 1 diabetes can be furthered.     

Potential Mechanisms Linking Enteroviruses and Type 1 Diabetes 

Enteroviruses (EVs) are RNA viruses that commonly cause human 

diseases.   Each year, an estimated 10-15 million symptomatic enterovirus 

infections occur in the United States.29 The link between enteroviruses and 

development of type 1 diabetes has not been confirmed, however enteroviruses 

may affect the development of type 1 diabetes given that enteroviruses infect and 

damage β-cells and that the gene for the immune system receptor for 

enteroviruses (1F1H1) has been identified as a risk gene for type 1 diabetes.  

This hypothesis is supported by past research where EV proteins have been 

detected in the pancreas of type 1 diabetic patients and by studies that have 

shown similar seasonality patterns of autoantibody appearance, onset of type 1 

diabetes, and presence of enteroviruses.30 This seasonal pattern of 

enteroviruses typically increases in the summer and fall months, peaking in 

August.31   



9 
 

The viral hypothesis states that mothers, who conceive during the months 

with higher presence of viral infections (summer and fall), are more likely to 

become infected during pregnancy and transmit this virus to the fetus.  

Therefore, given a normal 40-week gestation period, children born in the spring 

and summer are more likely to develop type 1 diabetes because fetal 

development occurred during a period of peak enterovirus activity.  

Past Research Investigating Effects of Enterovirus on Development of Type 1 

Diabetes 

  Among the over 90 enterovirus serotypes described, coxsackie B5 

enterovirus has been suggested to contribute to the future development or 

progression of type 1 diabetes.  In the United States, the National Enterovirus 

Surveillance System has found that the coxsackie B5 enterovirus displays an 

epidemic pattern of circulation, increasing every 3-6 years, and usually lasting for 

one year.  The summer-fall seasonality displayed in the coxsackie B5 enterovirus 

is more pronounced than the seasonality pattern displayed in other 

enteroviruses.31   

In Finland, the Diabetes Prediction and Prevention study found that 

enterovirus infections were more frequently detected in participants testing 

positive for diabetes-associated antibodies than in matched controls.32 The Trial 

to Reduce IDDM in Genetically at Risk (TRIGR) and Childhood Diabetes in 

Finland (DiME) projects, both also conducted in Finland, found significant 

differences between pregnant mothers of children who subsequently developed 

type1 diabetes.  The TRIGR study33 found a greater number of infections in 
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mothers of children who subsequently developed type 1 diabetes, and the DiME 

study34 found that mothers of children who subsequently developed type 1 

diabetes were more likely to have enterovirus antibodies present.  Similar results 

have been found in Sweden, but were not duplicated in another study conducted 

in Finland.35-36 In each of these studies, samples were collected from the mother 

at the end of the first trimester.   

In Birmingham, Alabama, a significant increase was seen in the incidence 

of type 1 diabetes that corresponded with an epidemic of the coxsackie B virus.37  

Researchers in Slovakia found that children with type 1 diabetes were 

significantly more likely to test positive for coxsackie antibodies.  Similar to the 

pattern in the United States, these researchers found that coxsackie infections 

occurred more frequently in September and less frequently in March.38 

Past Research Investigating Effects of Vitamin D on Development of Type 1 

Diabetes 

Exposure to vitamin D has been suggested as an environmental factor 

that is protective against the development of type 1 diabetes.  Vitamin D can 

either be supplied through exposure to sunlight through ultraviolet radiation or 

through food and supplements.  Insufficient maternal vitamin D levels during a 

critical fetal period could lead to an increase in the proportion of births of children 

who subsequently develop type 1 diabetes during the spring and summer 

months.    

Type 1 diabetes, in addition to other autoimmune diseases, is more 

prevalent in higher latitudes, where exposure to ultraviolet radiation is lower.39 
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Researchers in Australia examined the association between latitude and 

prevalence of immune related disorders and found that the prevalence of type 1 

diabetes was negatively correlated with latitude.40 Supplementation of vitamin D 

has been shown to reduce the risk of developing type 1 diabetes.41-42  However, 

vitamin D research is confounded by differences in sunlight exposure, milk 

consumption, and the common use of vitamin D supplements.   

Past Research on Seasonality of Birth Patterns in Other Autoimmune Diseases 

Disproportionate numbers of births by season, as compared with the 

general population, have been reported in multiple autoimmune diseases, 

including type 1 diabetes, Graves’ disease, Hashimoto’s hypothyroidism, Crohn’s 

disease, atopic disease, allergic rhinitis, and asthma.43-45  The presence of these 

patterns, while not necessarily consistent across all autoimmune diseases, do 

suggest a common trigger in the initiation of the autoimmune process.   

Birth patterns for patients with atopic disease and asthma have shown an 

increase in births during the fall and winter months; while for allergic rhinitis, the 

increase was found in winter and spring months.44-45 Researchers in Denmark 

saw a peak in births occurring in August and a trough in March for persons who 

later developed Crohn’s disease.46   

Past Research on Seasonality of Onset Patterns in Type 1 Diabetes 

Onset of type 1 diabetes appears to have a seasonal pattern, with fewer 

cases diagnosed in the summer months and peaks during the winter and spring 

months.2, 11, 47-51 In the worldwide WHO Diamond Study, 42 (40%) of the 105 

centers showed a significant seasonal pattern in the onset of type 1 diabetes, 
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with 28 (27%) of all centers showing a peak in onset during the winter months 

and 33 (31%) of all centers showing a trough during the summer months.  

Centers with higher incidence were more likely to exhibit the seasonal pattern.  

Four (10%) of the forty-two centers were located in the Southern Hemisphere, 

and two of these four centers showed an opposite monthly pattern with a similar 

seasonal pattern of peaks in their winter months and a trough in their summer 

months.52   

Previous Research on Birth Patterns in Type 1 Diabetes Outlining the 

Background for the Current Study 

 Previous research on birth patterns in type 1 diabetes has shown mixed 

results.  Differences in proportion of births by month or season have been 

observed more frequently in populations with high or medium incidence rates 

than in those with low incidence rates.  Ethnically homogeneous populations are 

more likely to demonstrate differences in birth rates than heterogeneous 

populations.  In some populations, monthly or seasonal differences have not 

been observed in overall population, but only in gender-specific type 1 diabetic 

populations.   

Birth month differences based on incidence of type 1 diabetes. In Finland and 

Sardinia, the two regions with the highest reported incidence rates, Songini et al. 

found the birth pattern for individuals with type 1 diabetes was significantly 

different from that of the general population, with more individuals who 

subsequently developed type 1 diabetes born during the summer and fall 

months,53 although other research has not replicated this finding.54-55    



13 
 

In populations with high incidence of type 1 diabetes (10-20 per 100,000), 

such as Scandinavia, Great Britain, Germany and New Zealand, results are 

mixed; however, many populations reveal a seasonal birth pattern for individuals 

who subsequently develop type1 diabetes, with most populations, but not all, 

demonstrating peaks in the summer months and troughs in winter months.   

 The EURODIAB study, using data from 16 regions throughout Europe, all 

primarily with high incidence of type 1 diabetes, did not find an overall statistically 

significant seasonal variation, though they observed a non-significant trend with 

increased births in the autumn months.  When analyzing each region separately, 

a significant seasonality pattern was only found in Great Britain, where the peak 

in births during the spring months was different from the peak in the other 

seasons.  Grouping regions by incidence rates did not show a seasonal 

effect.54,56   

Within the United States, the SEARCH for Diabetes in Youth study found 

significant peaks in the number of births for individuals who subsequently 

develop type1 diabetes occurring from April through July, with troughs during the 

months of November through February.  This pattern was consistent after 

stratifying by gender, race (black, white, other) and age (0-9 years, 10-18 years), 

where all sub-populations showed peaks in spring or early summer and troughs 

in late fall or winter.  After stratifying by region of the United States, a similar 

pattern was observed in the northern United States, however, this pattern was 

not observed in the southern study regions.57  Similarly, in Great Britain and 

Sweden, a significant difference was found when comparing the birth pattern of 



14 
 

individuals who subsequently develop type1 diabetes to that of the general 

population, with more individuals who subsequently developed type1 diabetes 

being born during the spring and summer, and fewer born during the winter 

months.58-60  This same seasonal pattern, although the months are reversed 

(Southern Hemisphere), has been observed in New Zealand, where an increase 

in births of individuals who subsequently develop type1 diabetes was observed 

during the spring and summer months.61   

Germany, another country with high incidence rates of type 1 diabetes, 

has shown inconsistent results.  The EURODIAB study54, 56 found a similar 

pattern of births for individuals who subsequently develop type1 diabetes and 

that of the general population.  However, within Germany, in Berlin, a peak in the 

number of births of individuals who subsequently develop type1 diabetes was 

observed during the spring and summer months.62  Within Baden-Wurttemberg, 

Germany, significant troughs in number of births of individuals who subsequently 

develop type1 diabetes was observed during the spring and summer63; however, 

within this same city, the EURODIAB study found no overall differences.54,56   

Seasonal patterns of births of individuals who subsequently develop type1 

diabetes differing from that of the general population have been observed in 

populations with intermediate incidence rates (5-10 per 100,000).  Several 

Eastern Europe countries have shown a reduced number of births of individuals 

who subsequently develop type1 diabetes during the winter months and an 

increased number during the spring months.64-67    
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However, research in populations with low (≤5 per 100,000) incidence of 

type 1 diabetes, such as those in Turkey68 and Japan69 have not found 

statistically different seasonality pattern of births of individuals who subsequently 

develop type1 diabetes from that of the general population.  However, in China70 

another population with low incidence of type 1 diabetes, Ye et al., reported 

troughs in the number of births of children who subsequently develop type1 

diabetes during the spring and summer months, with peaks during the fall and 

winter months.   

Birth month differences based on ethnic heterogeneity of population. Laron et 

al.71 used incidence data to compare ethnically homogenous and ethnically 

heterogeneous populations with high, intermediate or low incidence of type 1 

diabetes.  They found that in homogenous populations, with varying incidence 

rates (such as Ashkenazi Jew, Arab, Sardinia, and New Zealand), the 

seasonality of birth pattern for individuals who subsequently develop type1 

diabetes showed peaks in the spring or summer months.  This pattern was not 

found in ethnically heterogeneous populations, such as the United States and 

Australia.    

 The two primary ethnic groups in Israel have different incidence rates; the 

Arab population has a low incidence (2.9 per 100,000), whereas the Jewish 

population has medium incidence (10-18 per 100,000).  Researchers found that 

the Jewish type 1 diabetic population had a peak in the number of births in the 

spring, with a trough in the winter months.   No difference was observed among 

the Arab population.72   
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Birth month differences in gender-specific sub-populations. The EURODIAB 

study found a seasonality pattern in regions in the combined data for males with 

type 1 diabetes, but not for females with type 1 diabetes.54,56   This finding was 

not replicated in the country-specific data with the exception of Great Britain and 

Luxembourg.54  In the Netherlands, the pattern of births of individuals who 

subsequently develop type1 diabetes differed from that of the general population 

for males, with peaks of type 1 diabetic births occurring in the spring months; 

however, these differences were not observed in the female or overall 

population.73   

In Ireland, females with type 1 diabetes were found to have a different 

seasonal birth pattern than that of the general population; however, while a 

seasonal pattern was observed in the male population, this was not significantly 

different from that of the general male population.74   

 In summary, the inconsistencies among nationalities and genders 

regarding the presence of seasonality of birth patterns all suggest that future 

research needs to be conducted in order to better understand the impact of birth 

month on the etiology of this disease.  If a peak is observed in the proportion of 

type 1 diabetic births, the peak is most commonly found in the summer months.  

Table II summarizes previous research of birth pattern differences.   
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Table II.  Summary of previous research investigating birth patterns in type 1 diabetics 

Country/Nationality Years of Birth Years of 
Diagnosis 

N type 1 diabetic 
population 

Peak 

China (Shanghai)70  1976 – 1997  136 Fall/Winter 
Israel (Jewish)72  1980  - 1993  987 Spring/Summer 
Germany (Berlin)62  1990 – 2000 570 Spring/Summer 
Italy (Sardinia)53  1989-1998  1928  Summer/Fall 
Italy (Sicily)75  1989 – 1998  273 Summer/Fall 
The Netherlands73 1959 – 1990  2633 Winter/Spring  
Slovakia65 1974 – 1997  1989 – 1997  1186 Fall 
Sweden59 1962 – 1992  1248 Summer  
Ukraine64 1960 – 2003  20,117 Spring 
United Kingdom54,56 1974 – 1994  5997 Summer 
United Kingdom58 1974 – 1988  4665 Spring/Summer 
New Zealand (Canterbury)61  1982 – 1996  275 Summer 
Israel (Arab)72  1980  - 1993  108 Non-significant 
Japan69  1986 – 1990  1260 Non-significant 
Austria54,56 1974 – 1994  895 Non-significant 
Czech Republic54,56 1974 – 1994  1512 Non-significant 
Denmark76 1973 – 1977  837 Non-significant 
Denmark54,56 1974 – 1994  296 Non-significant 
Germany (Baden-
Wuerttemberg) 54,56  

1974 – 1994  1303 Non-significant 

Italy (Sardinia) 54,56 1974 – 1994  886 Non-significant 
Italy (Sardinia)55 1974 - 1992  425 Non-significant 
Italy (Lazio) 54,56 1974 – 1994  471 Non-significant 
Lithuania54,56 1974 – 1994  486 Non-significant 
Luxembourg56 1974 – 1994  72 Non-significant 
Malta56 1974 – 1994  98 Non-significant 
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Poland54,56 1974 – 1994  448 Non-significant 
Romania54,56 1974 – 1994  185 Non-significant 
Slovakia54,56 1974 – 1994  889 Non-significant 
Spain54,56 1974 – 1994  914 Non-significant 
Sweden (Stockholm) 54,56 1974 – 1994  520 Non-significant 
Turkey 68  1985 – 2001  353 Non-significant 
United Kingdom (N. Ireland) 

54,56 
1974 – 1994  462 Non-significant 
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Specific Aims and Hypothesis 

 The viral hypothesis assumes that certain maternal viral infections may 

trigger the autoimmune process in genetically susceptible fetuses.  The specific 

aims are to provide an assessment of whether the number of births for 

individuals who subsequently develop type1 diabetes differs by month or season, 

overall, by nationality, and according to gender and race (defined as non-

Hispanic white and other race/ethnicity).  By understanding whether a seasonal 

birth pattern is present in any population, and identifying the populations where a 

seasonal birth pattern is present, advancements in the understanding of the 

epidemiology of type 1 diabetes can be furthered.  The assumptions of the viral 

hypothesis in the Type 1 Diabetes Genetics Consortium population will be used 

to address the following specific aims.  

1. In Australia, Canada, Poland, Spain, and the United States, to determine 

whether the proportion of births of individuals who subsequently develop 

type1 diabetes differs by month, and season, after accounting for birth 

patterns in the general population and controlling for important covariates 

(nationality and decade of birth). 

Hypothesis: A peak in the proportion of births of individuals who 

subsequently develop type1 diabetes will be observed in the spring and 

summer months, with a trough in the fall and winter months.  These 

differences will be observed both overall, and nationality-specific.     

2. Within the United States population, to determine whether the proportion 

of births of individuals who subsequently develop type1 diabetes differs by 
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month, and season, within gender-specific populations after accounting for 

the proportion of overall births by month and season.   

Hypothesis: A peak in the proportion of births of individuals who 

subsequently develop type1 diabetes will be observed in the spring and 

summer months, with a trough in the fall and winter months, in both 

genders.   

3. Within the United States population, to determine whether proportion of 

births of individuals who subsequently develop type1 diabetes differs by 

month, and season, within race-specific (non-Hispanic white, other 

race/ethnicity) populations after accounting for the proportion of overall 

births by month and season.   

Hypothesis 1: For the non-Hispanic white population, a peak in the 

proportion of births of individuals who subsequently develop type1 

diabetes will be observed in the spring and summer months, with a trough 

in the fall and winter months.   

Hypothesis 2: Differences in proportion of births of individuals who 

subsequently develop type1 diabetes will not be observed in the other 

race/ethnicity population, due to the low incidence of type 1 diabetes in 

these populations.   

Summary 

As the Type 1 Diabetes Genetics Consortium (T1DGC) is an international 

study spanning over thirty countries, it provides the ideal sample in which to 

evaluate the presence of seasonality of birth patterns among individuals with type 



21 
 

1 diabetes across regions and ethnicities.  By understanding whether a 

seasonality of birth pattern is present in any of these populations, and identifying 

the populations where a seasonality of birth pattern is present, advancements in 

the understanding of the epidemiology of type 1 diabetes can be furthered.     
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ABSTRACT 

Aims/hypothesis The aim was to investigate whether differences exist in the 

proportion of children who eventually develop type 1 diabetes by month and 

season of birth.  We hypothesized that the season of birth of children who 

eventually develop type 1 diabetes more often will be spring and summer in all 

populations, with the exception of low-prevalence populations.   

Methods Using 500 US participants born during 1990-2000 and recruited for the 

Type 1 Diabetics Genetics Consortium, we compared the observed number of 

births to the expected number of births, derived from Center for Disease Control 

(CDC) statistics.  Monthly and seasonal differences in the proportion of type 1 

diabetic births were assessed by Poisson regression, using the overall 

population, as well as gender- and race-specific populations.   

Results In the overall US population, more births of children who eventually 

developed type 1 diabetes occurred in June and August than expected.  

Although no statistical difference was observed in either gender- or race-specific 

sub-populations, similar trends were observed in all sub-populations.  No 

significant difference by season was observed.   

Conclusions/interpretations The summer months had higher than expected 

numbers of births of children who eventually developed type 1 diabetes due to 

increases in the number of births during August.  These results suggest that 

monthly or seasonal influences may contribute to the development of type 1 

diabetes.  This finding could support the hypotheses that viruses occurring during 
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the perinatal or antenatal period contribute to the monthly differences; however, 

other hypothesis such as environmental factors post-birth are possible.   

 

Keywords Type 1 diabetes, seasonality of birth, United States 

 

Abbreviations Center for Disease Control (CDC), Type 1 Diabetes Genetics 

Consortium (T1DGC) 
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Introduction 

 

Type 1 (insulin-dependent) diabetes mellitus has a multi-factorial origin involving 

a combination of genetic and environmental factors resulting in a wide spectrum 

of incidence rates among populations around the world.  The range of incidence 

rates, the increase in risk at puberty and the more frequent onset of type 1 

diabetes during the winter months, all suggest that environmental factors such as 

viruses and nutrition may be involved in the development of type 1 diabetes.   

The genetic influence of type 1 diabetes is primarily associated with the 

human leukocyte antigen (HLA) region of chromosome 6, namely HLA-DR3 

and/or HLA-DR4 alleles.  Nearly 98% of persons with type 1 diabetes have DR3 

and/or DR4 and individuals with both alleles are particularly susceptible to 

develop type 1 diabetes.1-2 While genetic susceptibility appears necessary, it is 

not sufficient to cause the development of the disease.  The concordance for 

type 1 diabetes among monozygous twin pairs is only about 36%.1, 3 Additionally, 

incidence varies among persons with the same genotype.  While genetics plays a 

role in development of type 1 diabetes, more than 80% of cases of type 1 

diabetes occur in individuals with no family history of the disease. 1, 4 These 

findings suggest that, in addition to genetics, the environment plays a role in the 

development of type 1 diabetes.   

Geographical and temporal variations in both birth month and month of 

diagnosis for children with type 1 diabetes suggest a potential relationship 

between environment and onset, where an environmental factor with cyclic 
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features could be linked to the development of type 1 diabetes.  One explanation 

for a seasonal pattern in birth months is given by the viral hypothesis.  This 

hypothesis states that women who are pregnant during the months with higher 

presence of viral infections, specifically the summer and fall months, are more 

likely to transmit these viruses to the fetus and this infection may initiate an 

autoimmune process in the pancreas that may ultimately lead to the development 

of type 1 diabetes.5   

Assuming a 40-week gestational period, our hypothesis is that more type 

1 diabetics will be born in the spring and summer months because fetal 

development occurs during the most common seasons for viral epidemics, 

specifically summer and fall.  Seasonal patterns in birth month of individuals who 

subsequently develop type 1 diabetes have been observed more frequently in 

high or medium incidence populations, or in ethnically homogenous populations.  

Primarily, the peaks have been observed in the number of spring or summer 

births, supporting this viral hypothesis.  Understanding the overall etiology of this 

disease is critical for prediction and ultimately, prevention of type 1 diabetes.   

 Past research on seasonality of birth patterns among individuals with type 

1 diabetes has shown mixed results.6-21 However, if a peak is observed in the 

proportion of type 1 diabetic births, the peak is most commonly found in the 

summer months.  Significant peaks in the number of births for children who 

subsequently develop type 1 diabetes have been observed during the summer 

months in regions of Great Britain, Sweden, New Zealand, Sardinia, Eastern 

European countries, and in the Jewish population in Israel.6-16 However, these 
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differences have not been observed among persons with type 1 diabetes in the 

Turkey, Japan, China, Denmark, Germany, and the Arab population in Israel.7, 17-

20 In the Netherlands, seasonal birth patterns differing from that of the general 

population were observed among boys, but not girls, with type 1 diabetes.21   

Prior research has primarily focused on ethnically homogenous 

populations.  It is unknown whether seasonal patterns are present in ethnically 

heterogeneous populations like the United States.  Within the United States, the 

SEARCH for Diabetes in Youth study is one of the only studies that has 

investigated birth patterns among children who developed type 1 diabetes.  Kahn 

et al. found a significant peak in the number of births of children who 

subsequently develop type 1 diabetes occurring from May through January, with 

a trough during the months of November through February.   This pattern was 

consistent after stratifying by gender, race (black, white, other) and age (0-9 

years, 10-18 years), where all sub-populations showed peaks in the spring or 

early summer and troughs in late fall or winter.22   

 The variation in prevalence of type 1 diabetes across race and ethnic 

backgrounds suggest that investigating heterogeneous populations can help to 

better understand the epidemiology of type 1 diabetes.  The SEARCH for 

Diabetes in Youth overall prevalence rate for type 1 diabetes in the United States 

is 1.03 – 2.88 in the non-Hispanic white population (children between the ages of 

0-9 and 10-19, respectively).  This was higher than in the overall US population, 

with prevalence rates of 0.76 and 1.54, in the respective age categories.23 The 

discrepant prevalence rates and the lack of research in birth patterns of type 1 
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diabetics within the United States suggest that this is an ideal population with 

which to study this question.  Therefore, we set out to answer the following 

questions: 

1) In a United States population, does the proportion of births of individuals 

who subsequently develop type 1 diabetes differ by month and season? 

2) In a United States population, does the proportion of births of individuals 

who subsequently develop type 1 diabetes differ by month and season, for 

non-white Hispanics and other race/ethnicities? 

3) In a United States population, does the proportion of births of individuals 

who subsequently develop type 1 diabetes differ by month and season, for 

males and females? 

We hypothesize that the proportion of births of individuals who 

subsequently develop type 1 diabetes will be greater in the spring and summer 

months (March – August), in the overall United States population, in the gender-

specific populations, and in the non-Hispanic white United States population.  In 

the low prevalence population (“other” race/ethnicity group), we hypothesize that 

there will be no difference between the percentage of births of individuals who 

subsequently develop type 1 diabetes by month. 
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Methods  

 

Study Population: The Type 1 Diabetes Genetics Consortium The Type 1 

Diabetes Genetics Consortium (T1DGC) was an international effort to discover 

genes that modify the risk of type 1 diabetes and expand upon the existing 

genetic resources for type 1 diabetes.  Participants were recruited over a 6-year 

recruitment period (2004-2010) from 4 regional networks consisting of over 200 

clinics representing 34 countries.  The T1DGC recruited type 1 diabetic 

participants regardless of duration of disease.  T1DGC design and study 

methods have been described previously.24-25 Fifty-two clinics, representing 27 

states within the United States, contributed to the T1DGC.  Recruitment for the 

T1DGC was restricted to affected sibling pair families (at least two children with 

type 1 diabetes in the family) except in low-prevalence populations where trio 

families (one child with type 1 diabetes and both biological parents), cases, and 

controls were recruited.   

Ethnicity and race was self-reported by the participant, or their parent or 

guardian (Appendix A).  Ethnicity was defined as Hispanic origin or not of 

Hispanic origin.  Race codes were identified based on a modified version of the 

racial/ethnic groupings from the Australian 2000-2001 census.27 Participants 

could record up to three race codes; however, only the primary race code was 

used in these analyses.  For purposes of these analyses, participants were 

defined as non-Hispanic white (American Caucasian) or “other” race/ethnicity.     
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The clinics within the United States recruited 2,797 participants with type 1 

diabetes.  In order to decrease the possible influence of related individuals, 

analyses were restricted to include only one participant from each family.  The 

first child in each family diagnosed with type 1 diabetes was selected for use in 

these analyses (1,215 participants).  The type 1 diabetic population was further 

restricted by only including participants selecting one of the following race codes:  

North American, no further designation; African American; American Caucasian; 

Native North American; Mexican American; or North American, not elsewhere 

classified (1,071 participants).  All participants had month of birth recorded.  Due 

to the years of available reference data, only those participants whose year of 

birth was between 1990 – 2007 were included (540 participants).  Due to small 

sample sizes representing type 1 diabetic participants born from 2001 – 2007, 

these participants were excluded (40 participants; leaving 500 participants born 

between 1990 and 2000 for analyses purposes).   

 

Reference birth populations We accessed the United States Center for Disease 

Control (CDC) database of births for the years 1990 – 2000 to represent the 

expected number of births, by month.27 The non-Hispanic white population was 

defined as both parents identifying as non-Hispanic white.   

 

Statistical Analysis The T1DGC was a prevalence study design, where the 

number of type 1 diabetics included in the analyses does not represent all 

individuals who subsequently develop type 1 diabetes born during a specified 
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year.  In order to account for this, the expected number of individuals who 

subsequently develop type 1 diabetes born (b) each year (y), for each month (m) 

was derived by the following formula. 

nmy 
b my  =  Ny   x By  
 

In this formula, n represents the number of reference population births for y year, 

representing m month; N represents the total number of reference population 

births for y year; B represents the total number of individuals with type 1 diabetes 

in the T1DGC population for y year; and b represents the expected number of 

individuals with type 1 diabetes for year y, representing month m.  The expected 

and observed number of type 1 diabetics per month was totaled among all 

available years.  These calculations were derived overall and by gender and race 

in order to account for different birth rates among the selected groups.   

To assess the effect of month of birth on likelihood of developing type 1 

diabetes, after controlling for year of birth, race, and gender, the data were 

analyzed with the use of a Poisson regression, with the logarithm of the overall 

births as an offset.  Interaction terms (race by month of birth; gender by month of 

birth) were included to assess whether birth patterns differed by gender or race. 

The interactions were tested in the model for statistical significance by a 

backward-selection procedure and only statistically significant covariates (p ≤ 

0.1) were included in the final model.  All main effects were forced to remain in 

the model (month of birth, year of birth, race, and gender).   
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The base model was: 

log
type I diabetic births

reference population births 

 β0  β1year of birth  β2gender  β3race β4month of birth

β5 gender month of birth β6 race month of birth   

The data were assessed for over dispersion.  Stratified subgroup analyses were 

performed for gender- and race- specific populations.  We used the SAS 

statistical program, version 9.2 (SAS Institute).   

Birth months were grouped into seasons, defined as: winter (December, 

January, February); spring (March, April, May); summer (June, July, August); and 

fall (September, October, November).  Season of birth was substituted for month 

of birth and assessed using similar modeling techniques.  Tests were run using 

the overall population, as well as gender- and race-specific subpopulations.   

In the modeling, month (or season) of birth, year of birth, race and gender 

were defined as categorical variables.  Reference populations were set as 

December (winter), year of birth 2000, white, and male.  Likelihood ratio statistics 

were used to evaluate the overall effect of month (or season) of birth, year of 

birth, race, and gender, and the interaction terms.  Model-based estimates of 

incidence rate ratios and confidence intervals were calculated from parameter 

estimates.   
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Results 

 

The non-Hispanic white type 1 diabetic population consisted of 333 individuals.  

The “other” race/ethnicity population consisted of 167 participants: 85 

participants identifying themselves as non-Hispanic, African American (50.9%); 

39 participants identifying themselves as Hispanic, Mexican American (23.4%); 

23 participants identifying themselves as non-Hispanic, North American, no 

further designation (13.8%); 10 participants identifying themselves as Hispanic, 

American Caucasian (6.0%); 7 participants identifying themselves as Hispanic, 

North American, no further designation (4.2%); 1 participant identifying his or 

herself as non-Hispanic Native North American Indian (0.6%); 1 participant 

identifying his or herself as non-Hispanic, North American, not elsewhere 

classified (0.6%); and 1 participant identifying his or herself as Hispanic, African 

American (0.6%);.  The type 1 diabetic population used in these analyses is 

described, by race/ethnicity and gender, in Table I.   
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Table I.  Type 1 diabetic population descriptive statistics   
 
Population Non-

Hispanic 
Whites 

“Other” 
Race/ 
Ethnicity 

Males Females Overall 

N type 1 
diabetic 
population 

333 167 265 235 500 

Average age at 
onset (years) 

5.1 ± 3.3 6.6 ± 3.5 5.5 ± 3.4 5.8 ± 3.5 5.6 ± 3.4 

Average age at 
enrollment 
(years) 

11.6 ± 3.0 11.3 ± 3.1 11.7 ± 3.1 11.2 ± 3.1 11.5 ± 3.1 

Average 
duration (years) 

6.5 ± 3.6 4.7 ± 3.4 6.3 ± 3.6 5.4 ± 3.5 5.9 ± 3.6 

Average 
number of 
affected siblings 
in familya 

2.0 ± 0.2 1.4 ± 0.5 1.9 ± 0.4 1.8 ± 0.4 1.9 ± 0.4 

% with DR3 
and/or DR4 

94.6% 79.6% 90.9% 88.1% 89.6% 

a31 participants excluded due to missing information 
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Month of Birth Percentage of births by month for the type 1 diabetic and CDC 

reference population, by race/ethnicity, gender. and overall are described in 

Table II and graphically in Figure 1.  Peaks in the number of births of individuals 

who subsequently develop type 1 diabetes are observed during the months of 

June and August, with a trough from December – February. 
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Table II.  Percentage of births by month for the type 1 diabetic (T1DGC) and CDC reference population, by 
race/ethnicity, gender and overall US population 

Birth 
Month 

Non-Hispanic White “Other” 
Race/Ethnicity 

Male Female Overall 

 T1DGC 
% (N) 

CDC 
% 

T1DGC 
% (N) 

CDC 
% 

T1DGC 
% (N) 

CDC 
% 

T1DGC 
% (N) 

CDC 
% 

T1DGC 
% (N) 

CDC 
% 

Jan 7.2% 
(24) 

7.9% 3.6%  
(6) 

8.3% 6.8% 
(18) 

8.1% 5.1% 
(12) 

8.1% 6.0% 
(30) 

8.1% 

Feb 6.3% 
(21) 

7.6% 7.2% 
(12) 

7.6% 6.0% 
(16) 

7.6% 7.2% 
(17) 

7.6% 6.6% 
(33) 

7.6% 

Mar 9.3% 
(31) 

8.6% 7.2% 
(12) 

8.2% 9.4% 
(25) 

8.4% 7.7% 
(18) 

8.4% 8.6% 
(43) 

8.4% 

Apr 9.0% 
(30) 

8.7% 10.8% 
(18) 

7.8% 10.9% 
(29) 

8.1% 8.1% 
(19) 

8.1% 9.6% 
(48) 

8.1% 

May 6.6% 
(22) 

8.7% 4.2%  
(7) 

8.1% 5.3% 
(14) 

8.5% 6.4% 
(15) 

8.4% 5.8% 
(29) 

8.4% 

Jun 11.4% 
(38) 

8.5% 9.6% 
(16) 

8.2% 10.6% 
(28) 

8.3% 11.1% 
(26) 

8.3% 10.8% 
(54) 

8.3% 

Jul 5.7% 
(19) 

8.8% 9.6% 
(16) 

8.8% 6.0% 
(16) 

8.8% 8.1% 
(19) 

8.8% 7.0% 
(35) 

8.8% 

Aug 11.4% 
(38) 

8.8% 12.6% 
(21) 

8.9% 10.9% 
(29) 

8.8% 12.8% 
(30) 

8.9% 11.8% 
(59) 

8.8% 

Sep 9.3% 
(31) 

8.6% 9.0% 
(15) 

8.7% 11.3% 
(30) 

8.6% 6.8% 
(16) 

8.7% 9.2% 
(46) 

8.6% 

Oct 9.3% 
(31) 

8.4% 9.6% 
(16) 

8.6% 8.7% 
(23) 

8.0% 10.2% 
(24) 

8.5% 9.4% 
(47) 

8.5% 

Nov 7.5% 
(25) 

7.8% 9.0% 
(15) 

8.2% 7.2% 
(19) 

8.0% 8.9% 
(21) 

8.0% 8.0% 
(40) 

8.0% 

Dec 6.9% 
(23) 

8.0% 7.8% 
(13) 

8.6% 6.8% 
(18) 

8.3% 7.7% 
(18) 

8.3% 7.2% 
(36) 

8.3% 

Overall 
(N) 

333 ~36.5 
million 

167 ~36.4 
million 

265 ~37.3 
million 

235 ~35.6 
million 

500 ~72.9 
million 



44 
 

Figure 1.  Expected and observed percentage of type 1 diabetic births, by 

month, overall US population 

 
 
 

 

The Poisson regression model allowed the researchers to investigate the 

effect of month of birth, while controlling for year of birth, gender, and race.  No 

adjustment for over dispersion was necessary.  The interaction terms gender by 

month and race by month were non-significant and thus, excluded from the final 

model.  Birth month was found to contribute to the proportion of type 1 diabetics 

born (p = 0.03).  Year of birth (p < 0.001) and race (p < 0.001) were found to 

significantly contribute to the proportion of type 1 diabetics born, however gender 

was not found to be significant (p = 0.43).   
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Our model-based estimates indicate that a person born in June has 1.47 

times (95% CI, 0.96 to 2.24) the chance of developing type 1 diabetes as 

compared to a person born in December.  Individuals born in August have 1.52 

times (95% CI, 1.007 to 2.308) the chance of developing type 1 diabetes as 

compared to individuals born in December.   

In gender-stratified models, month of birth did not significantly contribute 

to the proportion of diabetics born.  Race and year of birth significantly 

contributed to proportion of diabetics for both genders.  In ethnic-stratified 

models, month of birth did not significantly contribute to the number of type 1 

diabetics.   

Season of Birth Percentages of births by season for the type 1 diabetic (T1DGC) 

and CDC reference population, by race/ethnicity, gender and overall are 

described in Table III and Figure 2.  A peak in the number of births of individuals 

who subsequently develop type 1 diabetes can be observed during the summer 

and fall months, with a trough in the winter months.   
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Table III.  Percentage of births by season for the type 1 diabetic (T1DGC) and CDC reference population, by 

race/ethnicity, gender and overall US population 

Season of 
Birth 

Non-Hispanic 
White 

“Other” 
Race/Ethnicity 

Male Female Total 

 T1DGC 
% (N) 

CDC 
% 

T1DGC 
% (N) 

CDC 
% 

T1DGC 
% (N) 

CDC 
% 

T1DGC 
% (N) 

CDC 
% 

T1DGC 
% (N) 

CDC 
% 

Winter 20.4% 
(68) 

23.6% 18.6% (31) 24.5% 19.6% 
(52) 

24.0% 20.0% 
(47) 

24.0% 19.8% (99) 24.0%

Spring 24.9% 
(83) 

25.6% 22.2% (37) 24.2% 25.7% 
(68) 

24.9% 22.1% 
(52) 

24.9% 24.0% 
(120) 

24.9%

Summer 28.5% 
(95) 

26.1% 31.7% (54) 25.9% 27.5%  
(73) 

26.0% 31.9% 
(75) 

26.0% 29.6% 
(148) 

26.0%

Fall 26.1% 
(87) 

24.7% 27.5% (46) 25.5% 27.2% 
(72) 

25.0% 26.0% 
(61) 

25.1% 26.6% 
(133) 

25.1%
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Figure 2.  Expected and observed percentage of type 1 diabetic births, by 

season, overall US population 

 
 
 

In the model substituting season of birth for month of birth, the interaction 

terms gender by season of birth and race by season of birth were not significant 

and excluded from the final model.  There was a trend, albeit non-significant (p = 

0.08) for season of birth to contribute to the proportion of type 1 diabetic births.  

Gender (p = 0.43) did not significantly contribute to the proportion of type 1 

diabetic births.  Race (p < 0.001) and year of birth (p < 0.001) were found to 

significantly contribute to the proportion of type 1 diabetic births. No adjusting for 

over dispersion was necessary.   

Our model based estimates indicate that a person born in the summer 

months has 1.37 times (95% CI, 1.06 to 1.77) the chance of developing type 1 

diabetes as compared to a person born during the winter months.  An individual 

born in the spring months has 1.15 times (95% CI, 0.88 to 1.50) the chance of 
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developing type 1 diabetes as compared to an individual born in the winter 

months and an individual born in the fall months has 1.29 times (95% CI, 0.99 to 

1.67) the chance of developing type 1 diabetes as compared to an individual 

born in the winter months.   

In gender-stratified models, season of birth did not significantly contribute 

to the proportion of diabetics born for either males or females.  Race and year of 

birth significantly contributed to proportion of diabetics for both genders.  In 

ethnic-stratified models, season of birth did not significantly contribute to the 

number of type 1 diabetics.  

 

 

Discussion 

 

The main finding was that month of birth significantly contributed to the 

proportion of type 1 diabetic births.   Individuals born in August have 1.52 times 

(95% CI, 1.007 to 2.308) the chance of developing type 1 diabetes as compared 

to individuals born in December.  While there was a trend toward a peak in the 

proportion of type 1 diabetic births occurring during the summer months, and 

trough in the proportion of type 1 diabetic births in the winter months, a significant 

difference was not found between seasons of birth.  The peaks in the summer 

and troughs in the winter months are consistent with past research where similar 

peaks and troughs have been found.6, 12, 16, 28-29   



49 
 

Similar non-significant trends were observed in the gender- and race-

specific populations.  Differences in the birth patterns for males have been found 

in some populations, although this has not been found in other populations.21 

Low prevalence populations, such as the “other” race/ethnicity population used in 

this analyses, have not shown differences in month of birth, suggesting that low 

power precludes the ability to identify monthly differences or other factors 

contribute to the etiology of type 1 diabetes.18-20   

The increase in the number of births of individuals who subsequently 

develop type 1 diabetes during June and August supports our hypothesis that 

environmental effects occurring during periods of increased viral exposure 

(summer and fall) during the perinatal period may contribute to the development 

of type 1 diabetes.  Specifically, pregnancies beginning in September and 

November were at greatest risk of a child who ultimately developed type 1 

diabetes.  Additionally, the trough of type 1 diabetic births observed during the 

winter months (December – February), associated with implantation during the 

months of March through May, suggest fetal development occurring during a 

period of low viral exposure.  These seasonal differences were not significant, 

although this could be due to the decrease of proportion of type 1 diabetic births 

occurring during the month of July or to the natural variation of severity and 

timing of viral epidemics.   

If a consistent seasonal pattern was present, one would expect to see this 

in the results.  However, the significant year effect in both the model with season 

of birth and the model with month of birth suggest that the number of type 1 
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diabetics varied by year.  The average age at onset (5.6 ± 3.4 years), age at 

enrollment (11.5 ± 3.1 years), and duration of disease (5.9 ± 3.6 years) are lower 

than in the overall population of individuals with type 1 diabetes, partially due to 

the inclusion of those type 1 diabetics born between the years of 1990 – 2000.   

Other possible explanations could be attributed to the decreased amount of time 

to develop the disease in this young population and the recruitment timeline for 

this type 1 diabetic population.  Fewer individuals with type 1 diabetes were 

recruited from the more recent birth years than the older birth years.  Another 

possible reason for this significant effect could be due to viral epidemics that may 

have occurred in this population during a specific year.   

The cohort used for this study is a highly selected, genetically pre-

disposed population.  This is evident in the higher average number of affected 

siblings per family (1.9 ± 0.4).  The average number of affected siblings in the 

family was lower in the other race/ethnicity population (1.4 ± 0.5) than in the non-

Hispanic white populations (2.0 ± 0.2) due to recruitment criteria for this study.  

However, the percentage of participants in this study carrying one or both of the 

DR3 and DR4 alleles (89.6%) can give us some confidence in the ability to 

extend the findings of this study with the overall type 1 diabetic population, as 

other research has found that nearly 98% of type 1 diabetic participants carry 

one or more of these alleles.1-2 Due to the genetically-susceptible type 1 diabetic 

population, generalizing these findings to the overall US type 1 diabetic 

population must be cautioned since the population used in this analyses may 
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require less of an environmental stimulus for future development of type 1 

diabetes.   

Due to difference in recruitment criteria and ascertainment bias of type 1 

diabetes between the non-white Hispanic and “other” race/ethnicity populations, 

the significant race effect could be an artifact of the recruitment criteria.  

Recruitment criteria for the non-Hispanic white participants and participants from 

“other” race/ethnicities differed in this collection.  Furthermore, it is well 

established that the incidence and prevalence of type 1 diabetes differs by 

race/ethnicity.  

The heterogeneous nature of the United States provides an ideal 

population in which to control additional variables that may confound the 

presence or absence of an effect of birth month on the likelihood to develop type 

1 diabetes.  The inflexible coding of race and ethnicity within the T1DGC and 

small sample sizes within race/ethnicity categories required the collapsing of 

these into one category and did not allow inclusion of those type 1 diabetics who 

may have described themselves as Asian.   Therefore, the population used for 

analyses represents many, but not all, type 1 diabetics within the United States.  

By grouping all other race/ethnicities together, any differences in the month of 

birth patterns in one specific racial grouping may have been hidden by grouping 

all races together.   

 In summary, the differences in the proportion of type 1 diabetic births by 

month found in the overall United States population support our hypothesis that 

environmental factors in pregnant mothers of type 1 diabetics contribute to the 
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likelihood of developing type 1 diabetes in this population.  Further research 

should investigate seasonality of birth patterns during known times of viral 

epidemics in order to determine if the viral hypothesis is supported and if 

enteroviruses are transmitted from the mother to the fetus.   

Type 1 diabetes is a multi-factorial disease, with evidence for a strong 

genetic component and less consistent support for environmental influences.  

Understanding the potential contribution of environmental factors during the 

antenatal and prenatal periods is critical to detangling the etiology of type 1 

diabetes.  Examination of type 1 diabetic birth patterns is an important step in 

appreciating the environmental contribution to the development of the disease. 
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Appendix A 

 

a. Are you (Is your child) Latino, Hispanic, or of Spanish origin? 

Yes 

No 

Not Applicable 

 

b. Which of the following best describes your (child’s) race (or ethnic origin)?  

HAND PARTICIPANT CUE CARD AND RECORD PARTICIPANT’S 

RESPONSES. 

Primary 
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CHAPTER THREE 

Discussion 

Summary of Previous Findings 

 The Type 1 Diabetics Genetics Consortium (T1DGC) provides a unique 

opportunity to investigate whether the proportion of diabetic births differs by 

month and season of birth in multiple nationalities and ethnicities.  The previous 

research uses this population to investigate whether differences exist between 

months, and seasons, of birth within the United States population, using the 

Center for Disease Control (CDC) data as the reference population.  This 

reference group allowed researchers to investigate the overall US birth 

population, as well as look at birth patterns in gender-specific and race-specific 

populations.  For purposes of the previous analyses, race was defined as non-

Hispanic white and all “other” racial/ethnic groups.   

 Birth month was found to be a significant predictor of development of type 

1 diabetes, using a Poisson regression model, controlling for gender, race, and 

year of birth.  Birth month was not found to contribute to development of type 1 

diabetes when examining the sub-populations (males, females, non-Hispanic 

whites and “other” races/ethnic groups).  Season of birth was not found to 

contribute to development of type 1 diabetes, either in the overall US populations 

or any of the sub-populations.   

A trough in the number of type 1 diabetic births was observed during the 

months of December through February (winter months), and a peak in proportion 

of births occurring in June and August.  These peaks and troughs were 
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consistently seen in all sub-populations, although none of these differences were 

significant and greater differences between observed and expected were seen in 

some sub-populations.  Due to the small sample sizes in these sub-populations, 

further research is needed to confirm whether the non-significant differences 

observed in these sub-populations can be replicated.   

 To take advantage of the unique worldwide collection of individuals with 

type 1 diabetes recruited to the T1DGC, preliminary analyses of nationality-

specific birth patterns among individuals with type 1 diabetes were undertaken.  

The Poisson regression modeling was repeated using type 1 diabetic and 

reference populations from Australia, Canada, Poland, Spain and the United 

States.  Other countries included in the T1DGC were excluded due to small 

sample sizes or lack of overlap for year of birth in the reference population.  The 

previous research included only type 1 diabetic participants born between the 

years of 1990 – 2000, and included a reference population based on the Center 

for Disease Control database.1 The current analyses expands the years of birth 

included and uses the United Nations database as the reference population.2 

The United Nations database includes statistics for the United States based on 

the United States census data.   

Additional Analyses 

Introduction.   The current analyses focus on 5 nationalities: Australia, Canada, 

Poland, Spain, and the United States.  These nationalities represent intermediate 

to very high incidence rates.  Reported incidence rates within Poland, a country 

with intermediate incidence of type 1 diabetes, range from 5.0 to 6.1 per 100,000 
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per year.  Incidence rates within Australia (14.5 per 100,000 per year), Spain 

(12.5 per 100,000 per year) and Canada (24.0 per 100,000) represent high to 

very high incidence of type 1 diabetes.3 Within the United States, incidence rates 

vary by race/ethnicity.  The SEARCH for Diabetes in Youth Study reports 

incidence rates varying from 6.4 – 23.6 per 100,000 depending on a person’s 

race/ethnic background.  Incidence rates in non-Hispanic white children were 

reported as 23.6 per 100,000 per year4, however rates were lower among 

African-American US children (15.7 per 100,000 per year)5 and Hispanic children 

(14.1 – 16.2 per 100,000 per year).6  In US children identifying themselves as 

Asian/Pacific Islander incidence rates were much lower, ranging from 6.4 – 7.4 

per 100,000 per year.7   

Methods. 

Study Population: The Type 1 Diabetes Genetics Consortium. The Type 1 

Diabetes Genetics Consortium provided adequate sample sizes in Australia, 

Canada, Poland, Spain and the United States to allow preliminary investigation of 

the birth patterns in the type 1 diabetic population.  Recruitment for the T1DGC in 

these countries was restricted to affected sibling pair families (at least two 

children with type 1 diabetes in the family) except in low-prevalence populations 

where trio families (one child with type 1 diabetes and both biological parents), 

cases, and controls were recruited.  Australia, Poland and Spain recruited only 

affected sibling pair families, while Canada and the United States recruited 

affected sibling pair families, trio families, cases, and controls.   
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As with the previous analyses, although participants self-reported up to 

three race codes, only the primary race code was used in analyses.    Race 

codes were identified based on a modified version of the racial/ethnic groupings 

from the Australian 2000-2001 census.8 Race codes were grouped into 

nationalities for purposes of these analyses.  Number of participants with type 1 

diabetes recruited, by race designation and nationality, are described in Table I. 
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Table I.  Type 1 diabetic participants recruited, by assigned nationality and 

race designation 

Nationality Race designation N type 1 
diabetic 
participants 

Australia 

Australian Peoples, no further designation 126 
Australian 298 
Australian Aboriginal 7 
Total 431 

Canada 
Canadian 229 
French Canadian 37 
Total 266 

Poland Polish 394 
Total 394 

Spain Spanish 305 
Total 305 

United 
States 

North American, no further designation 127 
African American 499 
American Caucasian 1727 
Native North American Indian 2 
Mexican American 113 
North American, not elsewhere classified 
(includes Bermudan, Inuit, Métis) 

1 

Total 2469 
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Within these nationalities, 3,865 participants with type 1 diabetes were 

recruited.  In order to decrease the possible influence of related individuals, 

analyses were restricted to included only one participant from each family.  The 

first child in each family diagnosed with type 1 diabetes was selected for use in 

these analyses (1,753 participants).  Only one of these participants was excluded 

because month of birth was missing (1,752).  Due to small sample sizes of 

participants born after 1999, these birth years were excluded from analyses 

(1675 participant were included in analyses).  Only those participants whose year 

of birth overlapped with the available reference birth year data were included 

(1,350 participants were included in analyses).  Table II describes the recruited 

type 1 diabetic population, by nationality, and the restrictions placed on this 

population for analyses purposes.  Number of participants with type 1 diabetes 

used in analyses, by race designation and nationality are described in Table III. 
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Table II.  Type 1 diabetic population and restrictions for analyses, by nationality   

 Australia Canada Poland Spain  United 
States 

Overall 

# type 1 diabetics 
recruited 

431 266 394 305 2469 3865 

# unique families 212 131 190 148 1072 1753 
# type 1 diabetics with 
month of birth available 

212 131 190 148 1071 1752 

# type 1 diabetics born 
before 2000 

206 129 184 148 1008 1675 

# type 1 diabetics 
with appropriate year 
of birth reference 
population (N for 
analyses) 

164 84 154 90 858 1350 

Birth years included 1971, 1978-
99 

1970-71, 
1973-90, 
1992-97, 
1999 

1973 
1975-76, 
1978-98 

1970-85, 
1987-88, 
1991-93 
1996, 1998 

1970-75, 
1978-99 
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Table III.  Type 1 diabetic participants used in analyses, by assigned 

nationality and race designation 

Nationality Race designation N type 1 
diabetic 
participants 

Australia 

Australian Peoples, no further designation 50 
Australian 111 
Australian Aboriginal 3 
Total 164 

Canada 
Canadian 72 
French Canadian 12 
Total 84 

Poland Polish 154 
Total 154 

Spain Spanish 90 
Total 90 

United 
States 

North American, no further designation 54 
African American 93 
American Caucasian 668 
Native North American Indian 1 
Mexican American 41 
North American, not elsewhere classified 
(includes Bermudan, Inuit, Métis) 

1 

Total 858 
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Reference birth populations We accessed the United Nations database of births 

for the years 1970 – 1999 to represent the expected number of births, by month.2 

Data were available for Australia, representing the years 1971-2003 (excluding 

1972, 1973, 1974, 1976, and 1977), Canada, representing the years 1970-2005 

(excluding 1972, 1991 and 1998); for Poland, representing 1973-2007 (excluding 

1977 and 2006); for Spain, representing 1970-2007 (excluding 1986, 1989, 1990 

and 2006); and for the United States, representing 1969-2006 (excluding 1976 

and 1977).   

Statistical Analysis The T1DGC was a prevalence study design, where the 

number of type 1 diabetics included in the analyses does not represent all 

individuals who subsequently develop type 1 diabetes born during a specified 

year.  In order to account for this, the expected number of individuals who 

subsequently develop type 1 diabetes born (b) each year (y), for each month (m) 

was derived by the following formula. 

nmy 
b my  =  Ny   x By  
 

In this formula, n represents the number of reference population births for y year, 

representing m month; N represents the total number of reference population 

births for y year; B represents the total number of individuals with type 1 diabetes 

in the T1DGC population for y year; and b represents the expected number of 

individuals with type 1 diabetes for year y, representing month m.  The expected 

and observed number of type 1 diabetics per month was totaled among all 

available years.   
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Birth years were grouped into decades (1970s, 1980s and 1990s) due to 

the large span of birth years.  To assess the effect of month of birth on likelihood 

of developing type 1 diabetes, after controlling for nationality and decade of birth, 

the data were analyzed with the use of a Poisson regression, with the logarithm 

of the overall births as an offset.  The interaction term nationality by month of 

birth was included to assess whether birth patterns differed by nationalities. 

Following the modeling performed in the previous analysis, the interaction was 

tested in the model for statistical significance by a backward-selection procedure 

and was included in the model only if statistically significant (p ≤ 0.1).  All main 

effects were forced to remain in the model (month of birth, decade of birth, 

nationality).  The base model was: 

log
type I diabetic births

reference population births 

 β0  β1decade of birth  β2nationality  β3month of birth

β5 nationality month of birth   

 The data were assessed for over dispersion.  Stratified subgroup analyses were 

performed for nationality- specific populations.  We used the SAS statistical 

program, version 9.2 (SAS Institute).   

Birth months were grouped into seasons, defined as: winter (December, 

January, February); spring (March, April, May); summer (June, July, August); and 

fall (September, October, November).  Season of birth was substituted for month 

of birth and assessed using similar modeling techniques.  Tests were run overall 

and nationality-specific.  For the overall tests, the months were reversed in 
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Australia, so that the seasons were consistent with the other four Northern 

Hemisphere countries.  

In the modeling, month (or season) of birth, decade of birth, and 

nationality were defined as categorical variables.  Reference populations were 

set as December (winter), decade of birth 1990s and for nationality, the United 

States.  Likelihood ratio statistics were used to evaluate the overall effect of 

month (or season) of birth, decade of birth, nationality, and the interaction term.  

Model-based estimates of incidence rate ratios and confidence intervals were 

calculated from parameter estimates.   

Results. The type 1 diabetic and reference population used in these 

analyses is described by nationality, in Table IV.   
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Table IV.  Type 1 diabetic and reference population descriptive statistics 

Population Australia Canada Poland Spain United States Overall 
Type 1 diabetic population 
N 164 84 154 90 858 1350 
N (1970s) 14 23 19 55 96 207 
N (1980s) 79 32 80 23 285 499 
N (1990s) 71 29 55 12 477 644 
% male 47.6% 47.6% 48.1% 51.1% 53.0% 51.3% 
Average age at 
onset (years) 

5.9 ± 4.0 7.7 ± 5.0 7.8 ± 4.7 9.8 ± 6.2 7.0 ± 4.5 7.2 ± 4.7 

Average age at 
enrollment (years) 

16.3 ± 5.9 19.8 ± 8.6 17.6 ± 5.8 26.3 ± 7.0 16.5 ± 7.1 17.5 ± 7.3 

Average duration 
(years) 

10.3 ± 6.1 12.2 ± 7.6 9.8 ± 5.3 16.4 ± 7.6 9.5 ± 6.9 10.3 ± 6.9 

Average number of 
affected siblings in 
familya 

2.1 ± 0.3 2.1 ± 0.3 2.1 ± 0.4 2.1 ± 0.4 2.0 ± 0.5 2.0 ± 0.4 

% with DR3 and/or 
DR4 

98.8% 89.3% 90.9% 93.3% 90.9% 91.9% 

Reference Population 
N 5,711,845 9,982,957 14,077,992 12,342,311 104,244,966 146,360,071 
N (1970s) 722,955 3,226,868 3,267,100 6,576,862 26,814,565 40,608,350 
N (1980s) 2,423,127 3,749,214 6,561,729 3,859,108 37,530,540 54,094,198 
N (1990s) 2,565,763 3,006,875 4,249,163 1,906,341 39,899,861 51,628,003 

a44 participants excluded due to missing information 
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Month of Birth, Figure 1 displays the expected and observed percentages of type 

1 diabetics, by month, summed over the years for the overall population.  A peak 

in the number of births of individuals who subsequently develop type 1 diabetes 

can be observed in August.   

Figure 1.  Expected and observed percentage of type 1 diabetic births, by 

month, all nationalities  

 

 

Figures 2 through 6 display the expected and observed percentages of 

type 1 diabetics, by month, summed over the years for each nationality.  

Percentage of births by month for the type 1 diabetic population and UN 

reference population, by nationality, are described in Table V.     

 

 

 

0

2

4

6

8

10

12

14

16

18

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Pe
rc
en

ta
ge

 o
f D

ia
be

ti
c 
Bi
rt
hs

Expected and  observed percentage of  type 1 
diabetic births, by month, all nationalities (n=1350)a

Observed 
Percentage

Expected 
Percentage

aFor overall data, 
Australia months 
have been modified 
(+ 6  months) in 
order to merge with 
the Northern 
Hemisphere 
countries



70 
 

Figure 2. Expected and observed percentage of type 1 diabetics, by month, 

Australia 

 

Figure 3. Expected and observed percentage of type 1 diabetic births, by 

month, Canada 
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Figure 4. Expected and observed percentage of type 1 diabetic births, by  

month, Poland 

 

Figure 5.  Expected and observed percentage of type 1 diabetic births, by 

month, Spain
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Figure 6.  Expected and observed percentage of type 1 diabetic births, by 

month, United States 
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Table V.  Percentages of births by month for the type 1 diabetic (T1DGC) and UN reference population, by 
nationality, and overall population 

Birth 
Month 

Australia Canada Poland Spain United States Overalla 
T1DGC 
% (N) 

UN 
% 

T1DGC 
% (N) 

UN 
% 

T1DGC 
% (N) 

UN 
% 

T1DGC 
% (N) 

UN 
% 

T1DGC 
% (N) 

UN 
% 

T1DGC 
% (N) 

UN 
% 

Jan 9.8% 
(16) 

8.3% 16.7% 
(14) 

8.0% 7.1% 
(11) 

8.7% 7.8% 
(7) 

8.3% 6.2% 
(54) 

8.1% 7.6% 
(102) 

8.2%

Feb 9.2% 
(15) 

7.9% 9.5% 
(8) 

7.6% 11.0% 
(17) 

8.0% 8.9% 
(8) 

7.6% 7.7% 
(66) 

7.6% 8.4% 
(114) 

7.7%

Mar 7.3% 
(12) 

8.8% 11.9% 
(10) 

8.7% 8.4% 
(13) 

9.0% 12.2% 
(11) 

8.5% 7.8% 
(67) 

8.4% 8.4% 
(113) 

8.5%

Apr 8.5% 
(14) 

8.3% 2.4% 
(2) 

8.6% 5.2% 
(8) 

8.6% 10.0% 
(9) 

8.4% 9.1% 
(78) 

8.0% 8.2% 
(111) 

8.1%

May 9.2% 
(15) 

8.5% 9.5% 
(8) 

8.9% 11.0% 
(17) 

8.8% 5.6% 
(5) 

8.9% 6.9% 
(59) 

8.3% 7.7% 
(104) 

8.5%

Jun 2.4% 
(4) 

8.3% 7.1% 
(6) 

8.5% 8.4% 
(13) 

8.4% 5.6% 
(5) 

8.3% 9.0% 
(77) 

8.2% 7.8% 
(105) 

8.3%

Jul 10.4% 
(17) 

8.5% 8.3% 
(7) 

8.7% 8.4% 
(13) 

8.9% 6.7% 
(6) 

8.7% 7.8% 
(67) 

8.8% 8.1% 
(110) 

8.8%

Aug 12.2% 
(20) 

8.5% 8.3% 
(7) 

8.5% 5.8% 
(9) 

8.4% 11.1% 
(10) 

8.4% 12.1% 
(104) 

8.9% 11.1% 
(150) 

8.8%

Sep 9.8% 
(16) 

8.5% 1.2% 
(1) 

8.5% 7.1% 
(11) 

8.1% 7.8% 
(7) 

8.5% 8.9% 
(76) 

8.7% 8.2% 
(111) 

8.6%

Oct 8.5% 
(14) 

8.5% 8.3% 
(7) 

8.2% 9.1% 
(14) 

7.8% 11.1% 
(10) 

8.4% 9.8% 
(84) 

8.5% 9.6% 
(129) 

8.4%

Nov 6.1% 
(10) 

7.9% 6.0% 
(5) 

7.8% 9.1% 
(14) 

7.4% 7.8% 
(7) 

7.9% 7.9% 
(68) 

8.0% 7.7% 
(104) 

7.9%

Dec 6.7% 
(11) 

8.1% 10.7% 
(9) 

7.9% 9.1% 
(14) 

7.8% 5.6% 
(5) 

8.1% 6.8% 
(58) 

8.3% 7.2% 
(97) 

8.2%

a Months for Australia are reversed, so that the seasons were consistent with the other four Northern Hemisphere countries.   
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The Poisson regression model allowed the researchers to investigate the 

effect of month of birth, while controlling for decade of birth and nationality.  

Nationality (p < 0.001) and decade of birth (p < 0.001) were found to significantly 

contribute to the proportion of type 1 diabetics born.  Month of birth (p = 0.12) 

and the interaction between nationality and month of birth (p=0.07) were not 

found to significantly contribute to the proportion of type 1 diabetics born.   

In the model stratified by nationality, month of birth significantly 

contributed to the proportion of diabetics born for Canada (p = .02) and the 

United States only (p = 0.02).  Within Canada, our model-based estimates 

indicate that a person born in April has 0.20 times (95% CI, 0.04 to 0.94) the 

chance of developing type 1 diabetes as compared to a person born in 

December.  Individuals born in September have 0.10 times (95% CI, 0.01 to 

0.81) the chance of developing type 1 diabetes as compared to individuals born 

in December.  Within the United States, our model-based estimates indicate that 

a person born in August (95% CI, 1.22 to 2.32) has 1.68 times the chance of 

developing type 1 diabetes as compared to a person born in December; a person 

born in October has 1.42 times (95% CI, 1.01 to 1.98) the chance of developing 

type 1 diabetes as compared to a person born in December.    

Decade of birth significantly contributed to the proportion of diabetics born 

in Poland and the United States.   

Season of Birth. Figure 7 displays the observed and expected percentages of 

type 1 diabetics, by season, summed over the years for the overall population.  A 

slight peak in the number of births of individuals who subsequently develop type 
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Table VI.  Percentages of births by season for the type 1 diabetic (T1DGC) and UN reference population, by 

nationality, and overall population  

Season 
of Birth 

Australia Canada Poland Spain United States Overalla 
T1DGC 
% (N) 

UN 
% 

T1DGC 
% (N) 

UN 
% 

T1DGC 
% (N) 

UN 
% 

T1DGC 
% (N) 

UN 
% 

T1DGC 
% (N) 

UN 
% 

T1DGC 
% (N) 

UN 
% 

Winter 25.0% 
(41) 

25.2% 36.9% 
(31) 

23.5% 27.3% 
(42) 

24.4% 22.2% 
(20) 

24.0% 20.7% 
(178) 

24.1% 23.2% 
(313) 

24.1%

Spring 24.4% 
(40) 

24.9% 23.8% 
(20) 

26.2% 24.7% 
(38) 

26.5% 27.8% 
(25) 

25.8% 23.8% 
(204) 

24.7% 24.3% 
(328) 

25.1%

Summer 25.6% 
(42) 

24.2% 23.8% 
(20) 

25.7% 22.7% 
(35) 

25.8% 23.3% 
(21) 

25.5% 28.9% 
(248) 

25.9% 27.0% 
(365) 

25.8%

Fall 25.0% 
(41) 

25.6% 15.5% 
(13) 

24.5% 25.3% 
(39) 

23.4% 26.7% 
(24) 

24.8% 26.6% 
(228) 

25.3% 25.5% 
(344) 

25.0%

a Months for Australia are reversed, so that the seasons were consistent with the other four Northern Hemisphere 

countries.   
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In the overall model substituting season of birth for month of birth, season 

of birth (p = 0.59) did not significantly contribute to the proportion of type 1 

diabetic births.  Nationality (p < 0.001) and decade of birth (p < 0.001) 

significantly contributed to the proportion of type 1 diabetics born.  The 

interaction between nationality and season was not significant (p = 0.15).   

In the model stratified by nationality, season of birth significantly 

contributed to the proportion of diabetics born only for Canada (p = .03).  Within 

the United States, the data suggests that season of birth may influence 

proportion of diabetics, although results were not statistically significant (p = 

0.053).  Within Canada, our model based estimates indicate that a person born in 

the fall months has 0.40 times (95% CI, 0.21 to 0.77) the chance of developing 

type 1 diabetes as compared to a person born in the winter months.  A person 

born in the spring months has 0.58 times (95% CI, 0.33 to 1.01) the chance, and 

a person born in the summer months has 0.59 times (95% CI, 0.34 to 1.03) the 

chance of developing type 1 diabetes as compared to a person born in the winter 

months. 

Decade of birth significantly contributed to the proportion of diabetics born 

in Poland and the United States.   

Discussion. The main finding was that neither month of birth or season of birth 

contributed to the likelihood of developing type 1 diabetes, in the overall 

population.  Within Canada, a significant difference in the proportion of type 1 

diabetic births was seen, by month and season, with more type 1 diabetic births 

occurring during the winter months.  Within the United States population, a 
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significant difference in the proportion of births of individuals who subsequently 

develop type 1 diabetes was seen by month, with increases in the number of 

births of individuals who subsequently develop type 1 diabetes in August and 

October.    

Although the overall trend was not statistically significant, the peak seen in 

the summer months (specifically August) was primarily due to the larger sample 

size from the United States type 1 diabetic population (Figures 1 and 6).  

Similarly, a trough was seen in the overall study population in December and 

January; this was again driven by the United States type 1 diabetic population.   

Due to available sample size in the remaining populations (Australia, 

Canada, Poland, and Spain), the percentages of observed type 1 diabetic births 

showed more variability throughout the year.  Both Canada and Poland had an 

increase in the number of births of individuals who subsequently develop type 1 

diabetes occurring during the winter months, although this was not significant in 

Poland.  Smaller samples were included in analyses for all sub-populations, with 

the exception of the United States.   

The differences in proportion of births of individuals who subsequently 

develop type 1 diabetes in the United States confirms the previous findings 

where the CDC reference data for the period 1990 – 2000 was used in analyses.  

Even with the addition of twenty years of data and the use of a different reference 

population, month of birth appears to contribute to the likelihood of development 

type 1 diabetes.  Specifically, in each analysis, the individuals born during the 
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month of August was found to be at higher risk for future development of type 1 

diabetes.   

The Type 1 Diabetes Genetics Study was a prevalence study, and as 

such, participants were recruited regardless of duration of disease and the 

population spanned many birth years.  Thus, if a consistent seasonal pattern was 

present, one would expect to see this in the results.  However, the sample sizes 

in any specific year were small; and as such, years had to be combined into 

decades for the regression model.  Therefore, viral epidemics that may have 

occurred in a population during a specific year could not be detected.   

The type 1 diabetic population used in analyses was fairly evenly split 

between males and females (51.3% males).  The average age at onset was 7.2 ± 

4.7 years; however, the average age was lower in the Australian population and 

higher in the Spanish population.  Likewise, age at enrollment and duration of 

disease was higher in the Spanish type 1 diabetic population (26.3 ± 7.0 and 

16.4 ± 7.6, respectively) than in the overall T1DGC population (17.5 ± 7.3 and 

10.3 ± 6.9, respectively).  The population from the T1DGC is a highly genetically 

susceptible population, evident in the average number of affected siblings per 

family (2.0 ± 0.4) and the percent carrying either the DR3 and/or the DR4 allele 

(91.9%). 

As previous research has shown, seasonality of birth patterns may vary by 

race and gender.  Due to the recruitment criteria for the T1DGC, these analyses 

were unable to investigate the differences between Caucasian and other 

race/ethnicities within the same country.  Due to reference data available, we 
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were unable to investigate the differences by gender.  Use of national census 

data would allow analysis by gender to be performed, although combining 

nationalities may not be possible using this as a reference population.     

In conclusion, we found consistent differences in seasonality of birth 

patterns found in the United States population, using both the CDC and the 

United Nations data, supporting our hypothesis that environmental factors in 

pregnant mothers of type 1 diabetics may contribute to the likelihood of 

developing type 1 diabetes in this population.  This has implications for the viral 

hypothesis, such that increased viral activity, known to occur during the summer 

and fall months, in pregnant women, may lead to an increase risk of type 1 

diabetes.  However, it is unknown if the differences observed are due to prenatal 

environmental factors, or post-natal environmental effects.  Further research 

should investigate seasonality of birth patterns during known times of viral 

epidemics in order to determine if the viral hypothesis is supported and if 

enteroviruses are transmitted to from the mother to the fetus.   

Strengths and Limitations of this Study 

The T1DGC is a worldwide recruitment of persons and families affected 

with type 1 diabetes.  Many of the countries and nationalities included have 

limited or no research conducted on seasonality of birth patterns in individuals 

with type 1 diabetes.  This study provided an opportunity to investigate whether 

birth patterns differ from the general population.  The research on this topic has 

produced mixed results.  The T1DGC was one of the first studies to encompass 

a large number of nations, previously understudied. By standardizing eligibility 
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criteria and data collection procedures, pooling of populations for analyses and 

comparison of results is possible.  

 The type 1 diabetic population used in this study was a more genetically 

susceptible population than the overall type 1 diabetic population.  Thus, even 

though the monthly birth pattern for this group of type 1 diabetics was different 

than that of the general population, it is difficult to generalize this finding to all 

type 1 diabetics.  However, given that genetics do play a role in development of 

type 1 diabetes, generalizing these finding to the type 1 diabetic population as a 

whole, may not be unwarranted.  While it has been suggested that nearly 98% of 

all type 1 diabetics carry the HLA DR3 or DR4 gene, 9-10 only 92% of the T1DGC 

population used in this population carried one or both of these genes.   

Ethnicity was self-reported and the ethnicity groups used by the T1DGC 

were based on nationalities as defined by the Australian 2000-2001 census.3 

Participants were not asked to identify themselves according to the National 

Institutes of Health (NIH) race groups (i.e., White, Black or African American, 

Asian, American Indian or Alaskan native, Native Hawaiian or Pacific Islander).  

The race codes were specific to nationality and included categories such as 

Polish, British, and French Canadian.  Therefore, the researchers could not 

group these participants into NIH racial categories without concern about 

admixture within the population.  A finer classification system and one that was 

not based on self-report may have been more important in some countries than 

others.     
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Future Research 

At the time of analyses, a full T1DGC data set was not available.  Future 

research within the Consortium should investigate the seasonality of birth 

patterns using the entire available sample set.  This would permit the inclusion of 

more nationalities and would increase the sample sizes for included nationalities.  

Many recruiting sites within the Consortium represent nationalities that have had 

little or no research conducted on birth patterns in individuals with type 1 

diabetes. 

Differences in the proportion of type 1 diabetics born by month, and 

season, have been reported more frequently in high incidence populations. The 

current analyses used only nationalities with medium or high incidence of type 1 

diabetes.  Future research should take into account the underlying disease 

prevalence in comparing the birth patterns of individuals with type 1 diabetes to 

the general population.    

Type 1 diabetes is a multi-factorial disease, with evidence for a strong 

genetic component and less consistent support for environmental influences.  

Understanding the potential contribution of environmental factors during the 

antenatal and prenatal periods is critical to detangling the etiology of type 1 

diabetes.  Examination of type 1 diabetic birth patterns is an important step in 

appreciating the environmental contribution to the development, and ultimately, 

prevention, of this disease. 
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