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ABSTRACT

OBJECTIVE: The aim of the study was to investigate the seasonal variation of type 1 diabetes 
mellitus (T1DM) diagnosis in Greek children. DESIGN: The study group consisted of 1148 pa-
tients (604 males and 544 females) who were diagnosed with T1DM during the period 1978-2008. 
The mean age at diagnosis was 8.32±5.01 years. The date of birth and the date at diagnosis were 
recorded from the patients’ files. RESULTS: Significantly more children were diagnosed with 
T1DM during the cold months as opposed to the warm months (p=0.001), with no differences 
between boys and girls. When children were categorized into the age groups �3 and >3 years 
old the seasonal variation pattern was different in younger ages suggesting that environmental 
factors which possibly interfere with T1DM diagnosis may have a different effect in those of 
younger than older age. With regard to date of birth, significantly more children with diabetes 
were born during the Spring-Summer than in Autumn-Winter (p=0.004). CONCLUSIONS: 
The results of the study support the concept of seasonality in T1DM diagnosis, implying a pos-
sible relationship between clinical expression of T1DM and various climatic factors. Seasonal 
variation at diagnosis appears to be different in younger compared to older children.
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INTRODUCTION

The current concept of the etiology and pathogen-
esis of type 1 diabetes mellitus (T1DM) includes en-
vironmental factors, which in a genetically susceptible 
individual, trigger an autoimmune process in the pan-
creas leading to damage of beta cells.1 Among these 

environmental factors, the most extensively studied 
is the exposure to enteroviral infections.2 Since these 
infections demonstrate seasonal fluctuations, many 
studies have tested the hypothesis that the diagnosis 
of diabetes may also display seasonality patterns.

The first report of seasonal variation in the new 
cases of T1DM was presented by Franklin Adams 
in the 1920s.3 Since then, there have been a number 
of studies demonstrating seasonality in the time of 
clinical presentation of T1DM, although a consistent 
and integrated picture on the actual seasonality of 
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the disease has not been established.4-15 It has been 
suggested that there is also a relationship between 
factors such as infections and vitamin D levels, and 
the seasonality of T1DM.16-18 A recent meta-analysis 
of the data on seasonal variation in diabetes in 53 
countries has suggested that seasonality in the diag-
nosis of T1DM is indeed a real phenomenon and that 
this seasonality pattern appears to be related to the 
geographical position, at least as far as the northern/
southern hemisphere is concerned.19 However, data 
on many regions of the world are still lacking.

This study was conducted in order to investigate 
the possibility of seasonality in the initial presentation 
of T1DM in a Greek cohort.

SUBJECTS AND METHODS

Subjects

This is a retrospective study which includes data 
on the initial presentation of 1148 children (604 males 
and 544 females) with T1DM attending the Diabetes 
Center of the Department of Pediatrics, Faculty of 
Nursing of the University of Athens, at the P. & A. 
Kyriakou Children’s Hospital. The study was ap-
proved by the Hospital Review Board. The patients 
originated from both urban and rural Greek regions. 
The mean age of the patients at diagnosis of T1DM 
was 8.32±5.01 years (range 0.1 to 16.4). All children 
included in the study had T1DM.

Measures

The date of birth and the date of T1DM clinical 
diagnosis were obtained from the patient’s files.

Definitions

The subjects were divided into groups according to 
the month of birth or diagnosis as follows: November, 
December, January and February were defined as 
cold months, September, October, March and April 
as moderate, and May, June, July and August as warm 
months. Subjects were also grouped according to 
the season of birth or diagnosis as follows: Autumn-
Winter (September to February) and Spring-Summer 
(March to August). In addition, subjects were also 
divided into two groups according to age at diagnosis: 
aged #3 years and >3 years. This age cut-off point 
was selected on the basis of current data suggesting 

an increase in the prevalence of diabetes in the lower 
age groups.6,20,21

Statistical analysis

Data are presented as means ± 1 standard devia-
tion or as percentages. The Pearson chi square test 
was used to assess statistical significance in all two-
way and goodness of fit tables. Statistical significance 
was set at p<0.05. All analyses were performed using 
the SPSS 11.0 package.

RESULTS

Significantly more children were diagnosed with 
T1DM during the cold months in comparison to the 
warm months, with intermediate values during the 
moderate months (cold vs. warm p=0.001, cold vs. 
moderate p=0.0192, moderate vs. warm p=0.09), 
Figure 1. Thus, the number of children diagnosed 
with T1DM was higher during November, December, 
January and February (p=0.001): 55.79% of boys 
were diagnosed during Autumn-Winter and 44.21% 
were diagnosed in Spring- Summer (p=0.001). The 
corresponding values for girls were 56.25 and 43.75% 
(p=0.001). No significant differences were observed 
between boys and girls (p=0.376) with regard to the 
seasonal variation of clinical presentation of T1DM.

Figure 1. Percentage of children diagnosed with Type 1 Diabe-
tes by gender at different environmental temperatures.
No gender differences.
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No differences were found in the monthly varia-
tion of the date of birth, neither in the total patient 
population (p=0.164) nor separately for each gender 
(p=0.855). However, in the total group more children 
with T1DM were born in Spring-Summer than in 
Autumn-Winter months (52.83% vs. 47.17%, respec-
tively, p=0.004) (Figure 2). A statistically significant 
higher proportion of boys were born during the Spring-
Summer as opposed to the Autumn-Winter months 
(53.31 vs. 46.69%, respectively, p=0.02). The difference 
observed in girls was not significant between those 

who were born during the Spring-Summer compared 
to those born during the Autumn-Winter months 
(52.21 vs. 47.79%, respectively, p=0.08).

When data were analyzed according to age at 
diagnosis (less than 3 and older than 3 years), it was 
found that the two age groups have different patterns 
of seasonal variation (Figure 3), p=0.004. Specifi-
cally, in the #3 years age group, more children were 
diagnosed with T1DM during the warm months 
compared to the cold months (p=0.026), while in the 
>3 years age group more children were diagnosed 
in the cold months compared to the warm months 
(p=0.007). No seasonality in the dates of birth was 
observed after grouping the children into the two 
age groups (p=0.37).

DISCUSSION

A significant seasonality in the incidence of T1DM 
diagnosis was found in both genders with peak values 
occurring during the cold months. The findings of 
this study are in agreement with other studies4,7,9,11-14,19 
supporting the seasonality in T1DM diagnosis. Rosen-
bauer et al22 found a greater number of children 
diagnosed with T1DM during the Summer-Autumn 
period as opposed to the Winter-Spring period. Gray 
et al4 and Scott et al,12 on the other hand, have found 
seasonality in diagnosis only in boys. The increased 

Figure 2. Percentage of children diagnosed with type 1 diabetes 
according to the season of birth and gender.
A: total population, B: boys, C: girls.

Figure 3. Percentage of children diagnosed with type 1 diabetes 
in the different age groups (#3 vs. >3 years old).
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incidence of T1DM diagnosis during Autumn and 
Winter months could support the hypothesis that 
infections may act as precipitating factors in the clini-
cal manifestation of the disease, possibly accelerating 
an autoimmune process that may have been initiated 
months or years before.16,23

Moreover, the present study showed that the pat-
tern of seasonality is different in children less than 3 
years old, with the peak incidence occurring during 
the warm months, a phenomenon which is not easy to 
explain. Even if one hypothesizes that in the subjects 
less than 3 years old infections during foetal life play 
a role in the development of T1DM, the difference 
in seasonality in this group remains unexplained.

The date of birth also showed seasonal variation. 
Contrary to our findings, McKinney maintained that 
there is no relationship between T1DM diagnosis and 
the date of birth.8

In conclusion, seasonality of T1DM diagnosis 
is also encountered in the Greek population, with 
different patterns observed in younger compared 
to older children. This is the first study exploring 
the seasonality of T1DM in Greece. Nevertheless, it 
should be stated that this is an observational study 
on the seasonality of T1DM diagnosis from which no 
conclusions can be drawn regarding the pathophysiol-
ogy of diabetes. A major limitation of our study is the 
time period of the collection of the data (30 years). 
Over such a time period, changes in unidentified 
environmental factors could have confounded our 
results. Another limitation of the present study is that 
our sample is not a random one for the total popula-
tion in Greece and that we were not able to collect 
data on the geographical origin of each participant, 
a factor that could also have influenced our results. 
A previous work from Greece, however, showed that 
the incidence of T1DM is higher in big cities than in 
rural areas.24 Prospective studies with larger numbers 
of T1DM patients are needed to confirm the issue of 
seasonality of T1DM diagnosis, thus possibly offering 
data on the etiology and epidemiology of this disease. 
A comparison with viral epidemiology data during 
the same period could likely yield useful results.

REFERENCES
 1. Akerblom HK, Vaarala O, Hyoty H, Ilonen J, Knip M, 

2002 Environmental factors in the etiology of type 1 
diabetes. Am J Med Genet 115: 18-29.

 2. Zipris D, 2009 Epidemiology of type 1 diabetes and 
what animal models teach us about the role of viruses 
in disease mechanisms. Clin Immunol 131: 11-23.

 3. Adams F, 1926 The seasonal variation in the onset of 
acute diabetes. The age and sex factors in 1000 diabetic 
patients. Arch Intern Med 37: 861-864.

 4. Gray RS, Duncan LJ, Clarke BF, 1979 Seasonal onset 
of insulin dependent diabetes in relation to sex and age 
at onset. Diabetologia. 17: 29-32.

 5. Karayanni C, Anastasiadou V, Spyropoulou M, et al, 
1993 Genetic predisposition and IDDM in Greece. 
Genet Couns 4: 181-186.

 6. Bartsocas CS, Dacou-Voutetakis C, Damianaki D, et 
al, 1998 Epidemiology of childhood IDDM in Athens: 
trends in incidence for the years 1989-1995. Eurodiab 
ACE G1 Group. Diabetologia 41: 245-246.

 7. Levy-Marchal C, Patterson C, Green A, 1995 Variation 
by age group and seasonality at diagnosis of childhood 
IDDM in Europe. The EURODIAB ACE Study Group. 
Diabetologia 38: 823-830.

 8. McKinney PA, 2001 Seasonality of birth in patients 
with childhood Type I diabetes in 19 European regions. 
Diabetologia 44: Suppl 3: B67-74.

 9. Patterson CC, Smith PG, Webb J, Heasman MA, Mann 
JI, 1988 Geographical variation in the incidence of 
diabetes mellitus in Scottish children during the period 
1977-1983. Diabet Med 5: 160-165.

 10. Green A, Patterson CC, 2001 Trends in the incidence 
of childhood-onset diabetes in Europe 1989-1998. 
Diabetologia 44: Suppl 3: B3-8.

 11. Pocecco M, Nassimbeni G, 1993 [Distribution of new 
cases of insulin-dependent diabetes mellitus (IDDM) 
by age, sex, seasonality, and clinical characteristics at 
onset in youngsters from the Friuli Venezia Giulia region 
from 1987 to 1990]. Pediatr Med Chir 15: 489-492.

 12. Scott RS, Brown LJ, Darlow BA, Forbes LV, Moore 
MP, 1992 Temporal variation in incidence of IDDM in 
Canterbury, New Zealand. Diabetes Care 15: 895-899.

 13. Soltesz G, Madacsy L, Bekefi D, Danko I, 1989 [In-
cidence of childhood diabetes in Hungary]. Orv Hetil 
130: 2775-2778.

 14. Waldhoer T, Schober E, Tuomilehto J, 1997 Long-term 
patterns in seasonality of insulin-dependent diabetes 
mellitus diagnosis in Austrian children. J Clin Epidemiol 
50: 159-165.

 15. Kida K, Mimura G, Ito T, Murakami K, Ashkenazi I, 
Laron Z, 2000 Incidence of Type 1 diabetes mellitus 
in children aged 0-14 in Japan, 1986-1990, including 
an analysis for seasonality of onset and month of birth: 
JDS study. The Data Committee for Childhood Diabetes 
of the Japan Diabetes Society (JDS). Diabet Med 17: 
59-63.

 16. Bartsocas CS, Lab M, Spyrou N, Krikelis N, Serie 
C, Papadatos CJ, 1982 Are viral studies indicated in 



Seasonality of diabetes diagnosis 71

juvenile-onset diabetes? Padiatr Padol 17: 603-606.
 17. Bartsocas CS, Papadatos CJ, Lab M, Spyrou N, Krikelis 

B, Serie C, 1982 Coxsackie B viruses and autoimmune 
diabetes. J Pediatr 101: 647-649.

 18. Cantorna MT, 2000 Vitamin D and autoimmunity: is 
vitamin D status an environmental factor affecting 
autoimmune disease prevalence? Proc Soc Exp Biol 
Med 223: 230-233.

 19. Moltchanova EV, Schreier N, Lammi N, Karvonen M, 
2009 Seasonal variation of diagnosis of Type 1 diabetes 
mellitus in children worldwide. Diabet Med 26: 673-
678.

 20. EURODIAB ACE Study Group, 2000 Variation and 
trends in incidence of childhood diabetes in Europe. 
Lancet 355: 873-876.

 21. Patterson CC, Dahlquist GG, Gyurus E, Green A, Soltesz 
G, 2009 Incidence trends for childhood type 1 diabetes 
in Europe during 1989-2003 and predicted new cases 
2005-20: a multicentre prospective registration study. 
Lancet 373: 2027-2033.

 22. Rosenbauer J, Herzig P, von Kries R, Neu A, Giani G, 
1999 Temporal, seasonal, and geographical incidence 
patterns of type I diabetes mellitus in children under 5 
years of age in Germany. Diabetologia 42: 1055-1059.

 23. Jun HS, Yoon JW, 2003 A new look at viruses in type 
1 diabetes. Diabetes Metab Res Rev 19: 8-31.

 24. Dacou-Voutetakis C, Karavanaki K, Tsoka-Gennatas H, 
1995 National data on the epidemiology of IDDM in 
Greece. Cases diagnosed in 1992. Hellenic Epidemiol-
ogy Study Group. Diabetes Care 18: 552-554.




