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Accepted: 12 Mar 2026 *  been reported in most areas of the world, but there are few reports from north of Iran.
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and environmental influences, this study aimed to evaluate the seasonal trends of TADM and
diabetic ketoacidosis (DKA) at the time of diagnosis over a 10-year period.

Methods: In a retrospective study spanning two 5-year periods, 221 pediatric patients with TLDM
were analyzed. They were categorized into two groups: Group 1 comprised those diagnosed from
2011 to 2015, while group 2 consisted of patients diagnosed from 2016 to 2020 (pre-COVID-19
quarantine). Changes in type 1 diabetes onset and DKA at diagnosis were assessed using Mann—
Kendall trend test. Monthly and seasonal variation of type 1 diabetes and DKA at diagnosis were
assessed over a 10-year period comparing two 5-year intervals. The data were analyzed using
STATA software, version 17.

Results: Of the 221 individuals, 101(45.7%) and 120(54.3%) patients were diagnosed in group

1 and 2, respectively. The Mann—Kendall trend test revealed significant changes in both TIDM

onset and DKA at diagnosis over the period 2011-2020 (tau=0.6138, P=0.0191) and (tau=0.582,

P=0.0287), respectively. The increase in TLDM onset occurred in spring and June during the

second period. The mean age at diagnosis was 7.2t4 years, with group 1 (6.63, 95% Cl, 5.75%,

7.51%) being younger than group 2 (7.58, 95% Cl, 6.83%, 8.33%). The frequency of adolescent

patients significantly increased in the group 2 compared to group 1 (71.2% vs 28.8%, P=0.04). In

both periods, there was a predominance of female sex, and the seasonal pattern of female sex

shifted towards spring and summer in group 2. The frequency of DKA at presentation was 37.1%

T (95% Cl, 30.9%, 43.7%) over a ten-year period, with 32.7% (95% Cl, 24.2%, 42.4%) in group 1

Key Words: and 41% (95% Cl, 32.4%, 50%) in group 2 (P=0.35). An analysis of the seasonal pattern of initial

: presentations with DKA indicates that group 1 patients exhibited the highest rate of DKA in the

summer and autumn, with the lowest rate in the spring. Meanwhile, group 2 patients displayed
that DKA at diagnosis was highest in summer and lowest in autumn.

Seasonal variation, Type
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Diabetic ketoacidosis :
(DKA), Epidemiology . Conclusions: The onset of TLDM and DKA shows a shift toward warmer seasons.
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Introduction

ype 1 diabetes mellitus (TIDM) is a chronic

autoimmune condition resulting from the

immune-mediated destruction of pancre-

atic beta cells [1]. The incidence of TIDM is

steadily increasing, with an estimated annual

increase of 3%. Projections indicate that by
2025, the number of individuals with TAIDM is projected
to reach 285 million [2]. Numerous studies have shown
a seasonal trend in the occurrence of TIDM, while oth-
ers have not. Moreover, specific subgroups have been
found to exhibit seasonal variations, as indicated by sev-
eral studies [3, 4]. It has been suggested that season-
ality may be more pronounced in regions with higher
T1DM rates, but a definitive conclusion has not been
reached [5]. Therefore, this variability has made it diffi-
cult to compare studies, resulting in conflicting results.
Understanding the frequency and distribution of TIDM
and other diseases is crucial for guiding epidemiological,
etiological, and clinical research, as well as designing,
implementing, and assessing public health initiatives
[6]. The incidence and temporal patterns of TIDM have
been extensively documented, particularly in high- and
middle-income nations [7]. Prevalence estimates, on
the other hand, are sparse and often derived by apply-
ing incidence rates to age- and sex-specific estimates of
population size, assuming childhood mortality is very
low [8]. The current study aimed to investigate the sea-
sonal variability of TIDM onset and initial presentation
with diabetic ketoacidosis (DKA) in a 10-year period
comparing two 5-year intervals.

Materials and Methods
Ethics

The researchers prioritized the confidentiality of all
information obtained from study participants and ob-
tained written informed consent from patients or their
guardians who participated in the study. The study pro-
posal underwent thorough review and received approval
from the Ethics Committee of Mazandaran University of
Medical Sciences, ensuring its alignment with the ethical
standards outlined in the Declaration of Helsinki (1964)
and subsequent amendments or similar ethical stan-
dards and Ethics Committee approval date was on 2021.

Study design and population

This retrospective study investigated the seasonal vari-
ation in demographic characteristics and initial presen-
tation of children and adolescents with TIDM referred
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to the pediatric diabetes clinic from 2011 to 2020. Our
center’s pediatric diabetes clinic serves as the primary
referral center for TADM patients in Mazandaran Prov-
ince, attracting the majority of its patients from both
urban and rural areas in the region. This study utilized
a census sampling approach to include all children and
adolescents diagnosed with TIDM over the decade.
The selection criteria included the inclusion of children
and adolescents aged 18 or younger diagnosed with
T1DM, while those with other types of diabetes (such
as maturity-onset diabetes of the young [MODY]), those
without consent from their guardians, or those with in-
complete medical records were excluded.

The study population consisted of patients diagnosed
with T1DM before the onset of the COVID-19 pandem-
ic, divided into two groups. Group 1 comprised chil-
dren and adolescents aged <18 years and under who
received a TIDM diagnosis between 2011 and 2015.
Group 2 included children and adolescents <18 years di-
agnosed between 2016 and 2020, prior to the COVID-19
pandemic. In our study, 90% of the patients presented
with severe DKA based on the International Society for
Pediatric and Adolescent Diabetes (ISPAD) categoriza-
tion [9], while the remaining cases were classified as
mild or moderate DKA. The severity of DKA at diagnosis
was determined by assessing pH levels in capillary blood
samples collected at presentation.

Despite the common practice of categorizing months
and seasons as cold or warm, it is essential to recog-
nize that seasonality can vary significantly based on
geographical location. To accurately define the cold and
warm months and seasons of each region, it is crucial to
consider mean temperature data. Our study utilized ex-
isting data to establish the temperature thresholds for
categorizing months and seasons in our province from
2011-2020. We gathered average monthly and seasonal
temperature data from 15 regions in our province, ob-
tained from the Statistics and Research Department of
Mazandaran Meteorological Center. This data was then
correlated with the residential locations of most pa-
tients included in our study over the same time period.
In our study, the majority of participants were from 14
cities in Mazandaran Province. It is important to note
that the ten-year average temperature data were avail-
able for only 9 of these cities. Consequently, we initially
gathered average temperature information for cities,
such as Sari, Qaem Shahr, Amol, Babolsar, Alasht, Now-
shahr, Galugah, Dasht-e Naz, and Amirabad For the re-
maining regions without available average temperature
data, we strategically selected areas in close proximity
to the cities with available data to ensure the accuracy
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of their average temperatures. These areas included
Syahbisheh, Polsefid, Kojor, Kiasar, and Baladeh. To as-
sess the temperature patterns in our province, we per-
formed a comprehensive analysis. This involved calculat-
ing the annual mean temperature by averaging monthly
data from the 14 regions. Furthermore, we derived the
seasonal mean temperature by averaging monthly data
for each season. Subsequently, we determined the cut-
off temperature for months and seasons for each 5-year
period by averaging the temperatures of the 15 regions.
These cut-offs were then utilized to identify the cold and
warm months and seasons for each 5-year period. Final-
ly, we compared the mean temperature of each month
and season over a 10-year period to the calculated
cut-off values. This rigorous comparison allowed us to
identify the cold and warm months as well as seasons,
enabling a more accurate evaluation of TLDM patients
based on the month and season of diagnosis.

Data collection

During face-to-face interviews and medical record
reviews, a comprehensive checklist of patient informa-
tion was compiled. This encompassed demographic
data, including the year of T1DM diagnosis, age at dis-
ease onset, sex, birth weight, birth height, month and
season of birth, order of birth, number of children,
body mass index (BMI, kg/m?), month and season of
T1DM onset, blood group (A, B, AB, O), location (city
or village), parental relationship (consanguineous or
non-consanguineous), type of delivery (natural vaginal
delivery [NVD] or caesarean), type of birth (term or pre-
term), duration of breastfeeding, age of starting supple-
mentary feeding, history of underlying disease (celiac,
Hashimoto disease, hypothyroidism, Down syndrome,
allergy, favism, dyslipidemia, asthma, lymphoma, dys-
trophy, seizures and Graves disease), family history of
diabetes, family history of dyslipidemia, family history
of autoimmune diseases (hypothyroidism, graves, mul-
tiple sclerosis, and rheumatism), and the initial patient
presentation with hyperglycemic symptoms including
polyuria, polydipsia, polyphagia, nocturia, and weight
loss or DKA were collected by two physicians.

Statistical analysis

The normality of the data was assessed using Q-Q
plots, histograms, and formal tests (Shapiro-Wilk or
Kolmogorov-Smirnov, depending on sample size). Cat-
egorical variables were presented as both counts and
percentages, while quantitative variables were expressed
as Mean#SD. Group comparisons for categorical variables
were conducted using the chi-squared test or Fisher’s ex-
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act test. For numerical variables, two-group comparisons
were performed using either the independent t-test or
the Mann—Whitney U test, based on the normality of the
corresponding variables. To assess trends over time, we
conducted the Mann-Kendall test for monotonic trend.
Additionally, bivariate correlation analysis was performed
to explore potential relationships between variables. Sta-
tistical analysis was conducted using STATA software (ver-
sion 17) (StataCorp, College Station, TX). Statistical signifi-
cance was set at P<0.05, using two-tailed P values for all
statistical analyses.

Results
Study selection

In a cohort of 250 subjects, 29 patients were excluded
from the study. Sixteen were excluded due to a MODY
diagnosis (one MODY 1, six MODY 2, one MODY 4, one
MODY 8, one MODY 9, four MODY 11, one MODY 12,
and one MODY 13), and thirteen were excluded due to
incomplete medical records. Table 1 presents the char-
acteristics of the study sample.

Trends of TIDM and DKA onset during the 10-year
period

During the observed period, 221 pediatric patients
with TIDM were included in the study, all of whom
were from the Clinical Hospital Centre in Mazandaran
Province. Out of the participants, 82 presented with
DKA as the initial symptom (Figure 1). Over the 10-year
investigation period, the highest number of TIDM di-
agnoses in children occurred in 2020 (n=31), with the
same year also seeing the highest number of 13 out of
82 DKA cases (15.9%). The Mann—Kendall trend test re-
vealed a significant change in TIDM from 2011 to 2020
(tau=0.6138, P=0.0191). A similar result was observed
for DKA onset (tau=0.582, P=0.0287).

Age and sex distribution of the study findings

Of 221 participants, 101(45.7%) were in group 1 and
120(54.3%) in group 2. Among these participants,
55.2% (n=122) were female. In group 1 and group 2,
54.4% and 55.8% of the patients were female, respec-
tively. The mean age at diagnosis was 7.2+4 years; group
1 (6.63 years, 95% Cl, 5.75%, 7.51%) was younger than
group 2 (7.58 years, 95% Cl, 6.83%, 8.33%). However,
the difference was not statistically significant (P=0.09).
Male patients in group 2 were older than those in
group 1 (7.34+4.1 years vs 5.3213.3 years). The mean
age of female patients in group 2 was nearly the same
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Figure 1. Age distribution of TLDM and DKA at diagnosis in 2011-2020

as that of group 1 (7.68+4.2 years vs 7.76+4.1 years).
A marginally significant increase was observed among
female patients under 5 years diagnosed during the sec-
ond period compared to the first period (P=0.051). The
frequency of preschool-age children increased during
the second 5-year period compared to the first 5-year
period, but the increase was not statistically significant
(53% vs 47%, P=0.16). The proportion of adolescent pa-
tients was significantly higher in group 2 than group 1
(71.2% vs 28.8%, P=0.04). The age distribution of TADM
across the 5-year periods is presented in supplementary
file (Figure 2).

Journal of Pediatrics Review

Group 1 comprised 47 firstborn children with an aver-
age age of 7.57+4.4 years, 31 second-born children with
an average age of 5.22+2.7 years, one thirdborn child
aged 6 years, and one fourth-born child aged 7 years. In
comparison, group 2 consisted of 68 firstborn children
with an average age of 8.75+4.2 years, 41 secondborn
children with an average age of 5.95+3.4 years, one
thirdborn child aged 6 years, and one fourthborn child
aged 8 years.

Figure 2. Number of Children with TLDM and DKA at diagnosis in 2011-2020
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An analysis of the gender of the patients and the type
of delivery revealed that the number of patients born
by caesarean section was approximately double that
of those born by NVD, for both males and females. The
mean age of patients born via NVD and cesarean section
in group 1 was 7.2114.2 and 6.1713.64 years, respective-
ly. In contrast, the mean age of patients delivered by NVD
or cesarean section in group 2 was 7.75+3.9 and 7.5114.2
years.

Upon analyzing the initial presentation of the patients,
it was found that polydipsia and polyuria were the most
prevalent clinical manifestations in children at the time
of diagnosis, with 51.8% (74 out of 143 participants) and
50.4% (72 out of 143), respectively. This was followed
by weight loss (12.9%, 18 out of 140), nocturia (9.3%,
13 out of 140), and polyphagia (5.7%, 8 out of 140). The
frequency of DKA at presentation was 37.1% (95% ClI,
30.9%, 43.7%) over a ten-year period, with 32.7% (95%
Cl, 24.2%, 42.4%) in group 1 and 41% (95% Cl, 32.4%,
50%) in group 2 (P=0.35). It is noteworthy that the great-
est increase in DKA at presentation occurred in the ado-
lescent age group. Notably, 90% of the patients with DKA
at diagnosis were presented with severe DKA (pH <7.1),
necessitating intensive care unit hospitalization.

Figure 3. SeasoT1DM onset
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An analysis of the gender distribution of patients re-
ferred with DKA revealed that 32(39%) were male and
50(61%) were female, with no statistically significant
difference (P=0.17). Among female patients with DKA,
40% were in the 5-9 age range, while nearly 30% of male
patients aged 10-14 presented with DKA. Over a 10-year
period, 33.3% of children under 5 years old presented
with DKA, with frequencies of 32.3% and 34.3% in the
first and second 5-year periods, respectively. The fre-
quency of DKA in preschool-age children did not show a
significant increase between the first and second periods
(46.2% vs 53.9%, P=0.55). During the second period, a
significant increase was observed in adolescent patients
presenting with DKA compared to the first period (83.3%
vs 16.7%, P=0.03). However, the correlation between ad-
olescent age and DKA at presentation was not significant
in the second period (chi-squared=0.049, P=0.09). Age
distribution of DKA at diagnosis across the 5-year periods
is presented in supplementary file (Figure 2).

The comparison of average age between patients pre-
senting with and without DKA revealed significant find-
ings. In group 1, patients referred with DKA were diag-
nosed at a younger age on average compared to those
without DKA (6+3.5 vs 6.9+4.1). Conversely, in group 2,
patients referred with DKA were older on average than

a) Seasonal variation of TADM diagnosis, b) Monthly variation of TLDM diagnosis
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Table 1. Comparison of the characteristics of the type 1 diabetes patients between the two groups

MeanSD/No. (%)

Characteristics P
Total, 221(100) L Group 2, 120(54.3)
! 101(45.7) ! )
Age at diabetes onset (y) 7.2¢4 6.63+3.9 7.58+4.1 0.09°
Female sex 122(55.2) 55(54.4) 67(55.8) 0.83°
Birth weight (g) 3279.4£533.9 3256+534.5 3299.14535 0.56*
Birth height (cm) 49.5£4.87 50.3+2.46 48.8£6.21 0.06°
BMI (kg/m?) 16.9+3.13 17.2+3.02 16.6+3.21 0.21°
Autumn 55(27.2) 22(26.8) 33(27.5)
Winter 56(27.2) 28(34.1) 28(23.3)
Season 0.23°
Spring 44(21.7) 13(15.8) 31(25.8)
Summer 47(23.2) 19(23.1) 28(23.3)
O positive 71(36.4) 37(38.1) 34(34.6)
O negative 13(6.6) 4(4.1) 9(9.1)
A positive 46(23.5) 28(28.8) 18(18.3)
A negative 5(2.5) 1(1) 4(4)
Blood group 0.18°
B positive 41(21) 18(18.5) 23(23.4)
B negative 5(2.5) 1(1) 4(4)
AB positive 13(6.6) 8(8.2) 5(5.1)
AB negative 1(0.5) 0(0) 1(1)
Cit 170(77.2 78(78 92(76.6
Location y (77.2) (78) (76.6) 0.81°
Village 50(22.7) 22(22) 28(23.3)
Consanguineous 45(20.3) 19(18.8) 26(21.6)
Parental ratio 0.60°
Non-consanguineous 176(79.6) 82(81.1) 94(78.3)
Cesarean 148(67.2) 64(64) 84(70)
Type of delivery 0.34°
NVD 72(32.7) 36(36) 36(30)
Term 200(93.4) 93(95.8) 107(91.4)
Type of birth 0.19°
Pre-term 14(6.5) 4(4.1) 10(8.5)
6 30(14) 9(9.4) 21(17.6)
Duration of breast- 6to <12 7(3.2) 2(2.1) 5(4.2) e
feeding (m) 12 to <18 13(6.2) 5(5.2) 8(6.7) '
18-24 164(76.6) 79(83.1) 85(71.4)
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MeanSD/No. (%)

Characteristics Group 1, P
Total, 221(100) 101(45.7) Group 2, 120(54.3)
Age of starting <6 8(3.7) 2(2.1) 6(5)
supplementary 6 203(95.3) 91(95.7) 112(94.9) 0.15°
feeding (m) >6 2(0.9) 2(2.1) 0(0)
Celiac
Hashimoto
Hashimoto Celiac and 6(2.7) 4(4) 2(1.6)
hashimoto 29(13.2) 15(15.1) 14(11.6)
Down syndrome and 4(1.8) 2(2) 2(1.6)
hashimoto 1(0.4) 0(0) 1(0.8)
Hypothyroidism 2(0.9) 1(1) 1(0.8)
Alergy 2(0.9) 0(0) 2(1.6)
Favism 3(1.3) 1(1) 2(1.6)
History of underly- Dyslipidemia 7(3.2) 4(4) 3(2.5) G
ing disease Favism and dyslipidemia 1(0.4) 1(1) 0(0)
Asthma 1(0.4) 0(0) 1(0.8)
Hashimoto and dyslipid- 3(1.3) 2(2) 1(0.8)
emia 1(0.4) 0(0) 1(0.8)
Lymphoma 1(0.4) 1(1) 0(0)
Down syndrome and celiac 1(0.4) 0(0) 1(0.8)
and hypothyroidism 1(0.4) 1(1) 0(0)
Dystrophy 1(0.4) 1(1) 0(0)
Seizure and asthma
Graves
Family history of diabetes, positive 82(37.3) 37(37) 45(37.5) 0.11°
42 (19) 14 (14) 28(23.3)
Family history of autoimmune disease, hypothy- 6(2.7) 2(2) 4(3.3) .
roidism, graves, multiple sclerosis, rheumatism 1(0.4) 1(1) 0(0)
4(1.8) 3(3) 1(0.8)
Initial presentation with diabetic ketoacidosis,
82(37.1) 34(32.7) 48 (41) 0.35°

positive

2Student t-test, °Chi-square test.

those without DKA (8.06+4.2 vs 7.3+4.2). Notably, the
mean age of patients presenting with DKA in group 2
was significantly higher than those in group 1 (8.06+4.18
vs 613.5, P=0.04). In group 2, the mean age of male pa-
tients with positive DKA was 7.2 years (95% Cl, 5.26%,
9.14%), which was higher than group one’s mean age of
4.6 years (95% Cl, 1.86%, 7.25%) (P=0.11). Similarly, the
mean age of female patients with DKA in group 2 was

8.5 years (95% Cl, 6.82%, 10.22%) compared to 6.8 (95%
Cl, 5.04%, 8.48%) in group 1 (P=0.16).

Monthly and seasonal variation of diagnosis

In the initial cohort, an analysis of birth seasons indi-
cated that the highest proportion of patients with T1DM
occurred during autumn (28.7%) and winter (25.7%).
Conversely, in the second cohort, spring (29.2%) and
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Figure 4. Age at diagnosis and seasonality of type 1 TIDM onset
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a) Seasonal variation of mean age at TLDM diagnosis, b) Monthly variation of mean age at TLDM diagnosis

summer (30%) exhibited the highest frequencies of
T1DM cases. A comparison of birth months between
the two cohorts revealed that December (10.9%) and
July (10.9%) were the most common birth months in
the group 1, whereas January (10.8%), March (10.8%),
May (10.8%), and July (10.8%) were the most common
birth months in group 2. Furthermore, the seasonality
of TIDM diagnosis between the two cohorts (Figures 3a
and 3b), according to age at diagnosis (Figures 4a and
4b), sex (Figures 5a and 5b), and initial presentation
with DKA (Figures 6a and 6b) is presented in detail in
the mentioned figures.

The mean monthly and seasonal temperatures of
two groups over the 10-year period are presented in
supplementary file (Figure 7). The average five-year
cut-off temperature for group 1 (2011-2015) was 15.43
°C, while for group 2 (2016 to 2020), it was 15.65 °C.
This analysis confirmed that the cold seasons for both
groups were autumn and winter, as previously identi-
fied. Additionally, the cold months for both groups were
April, November, December, January, February, and
March.

Discussion

The seasonal pattern of TLDM onset and DKA presen-
tation appears to be shifting toward a higher number of
cases during the warmer seasons. The trend of TIDM
has shown significant changes from 2011 to 2020. Al-
though the trend in DKA presentation changed signifi-
cantly, this cannot be attributed solely to the increased
number of TIDM patients presenting with DKA during
this period. During 2016-2020, the increase in TIDM
cases was observed across all age groups, particularly
during the warmer seasons. The presentation of DKA
shifted towards warmer seasons in group 2. Although
the mean monthly and seasonal temperatures of the
two 5-periods did not differ significantly, using region-
specific temperature cutoffs may provide a more accu-
rate assessment of TLDM onset and DKA presentation.

In the first 5-year period, the peak of TIDM diagno-
sis occurred in January and March, while June and No-
vember showed the highest number of diagnoses in the
second 5-year period. Previous studies have produced
conflicting results regarding the seasonal variation of
T1DM diagnoses. The SWEET database, encompass-
ing 23,603 patients, reported that the highest rate of
T1DM onset was in January and the lowest in June [10].
A meta-analysis by Moltchanova et al. encompassing
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Figure 5. Seasonality of sex

a) Seasonal variation of sex, b) Monthly variation of sex

53 countries found that the seasonal variation of type 1
diabetes diagnosis is a global phenomenon, likely linked
to geographical position. A study of 105 World Health
Organization Diabetes Mondiale (WHODiaMond) cen-
ters revealed that 42 of them observed seasonality in
T1DM onset. Among these, 33 centers reported a peak
in TIDM onset during the summer months (June-Au-
gust), while 28 centers showed troughs in the winter
months (October-January) [11]. This study found a signif-
icant 10% increase in the rate of TADM diagnosis during
the springtime in the second 5-year period compared to
the first. The rate of TADM diagnosis remained relatively
constant in autumn between the two periods, highlight-
ing a noteworthy trend among young individuals. The
heightened risk of TLDM during autumn has been asso-
ciated with higher rates of infections, which can spread
more easily due to heightened interaction among chil-
dren. This trend is likely influenced by a combination of
factors, such as higher humidity, lower temperatures,
and variations in sunshine hours, all of which can poten-
tially trigger autoimmune processes [12]. As the season
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transitions from winter to spring, the frequency of TLDM
increases, likely due to the lingering effects of winter-
borne infections. Specifically, a connection between
specific enteroviruses and the advancement to clinical
type 1 diabetes has been suggested [13]. Evidence sug-
gests that enteroviruses might act as a catalyst for beta-
cell autoimmunity and could also be the final trigger for
clinical type 1 diabetes. Enteroviruses primarily impact
younger children, and in Finland, over 80% of enterovi-
rus cases are identified from August to December [14].
Hanberger et al. noted comparable results for HbAlc
[11], with the levels reaching their highest in late spring
and summer when the count of children diagnosed with
type 1 diabetes was at its lowest. The outcomes could
be attributed to the elevated risk of dehydration or the
concealment of heightened thirst in warmer seasons,
resulting in more severe metabolic decompensation, or
due to delays in diagnosis during summer breaks and
reduced access to healthcare services. These findings
suggest that the effects of such infections may extend
into the following season. While there is a potential
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Figure 6. Seasonality of DKA at diagnosis
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a) Seasonal variation of DKA at diagnosis, b) Monthly variation of DKA at diagnosis

link between viral infections and the etiopathogenesis
of T1DM, epidemiological studies have indicated that
hygiene conditions, geographical locations, vitamin D,
nutrition, and sunlight exposure may influence the sea-
sonality of TLDM onset. Environmental factors, includ-
ing local climate patterns, may influence earlylife risk of
T1DM; however, the evidence remains inconclusive.

Both the SWEET database [10] and EURODIAB study
[15] have highlighted a clear sinusoidal trend in the sea-
sonality of TIDM diagnosis, with the highest incidence
occurring in winter and the lowest in summer. This pat-
tern has been consistently observed across genders
and age groups. Furthermore, a comprehensive study
by Patterson et al. (1998-2008) involving over 50,000
children under 15 years from 23 European countries
also demonstrated a significant sinusoidal pattern, with
only two minor exceptions [16]. Our study conducted
from 2011 to 2015 revealed a consistent sinusoidal pat-
tern in T1DM diagnosis seasonality. However, this pat-
tern was not observed during 2016-2020. The current
study found that T1IDM onset seasonality was nearly

identical for both sexes in the initial 5-year period,
aligning with previous research [10, 11]. However, in
the subsequent 5-year period, the seasonality of TLDM
diagnosis differed between sexes, consistent with find-
ings from the European Community Concerted Action
Program in Diabetes (EURODIAB) registry [16] and data
from Finland [17]. Our study revealed that patients di-
agnosed with T1IDM during colder seasons and months
tended to be younger on average than those diagnosed
during warmer seasons and months. The current study
identified a rise in TADM cases during warmer seasons
(spring and summer) across all age groups in the second
period, particularly among children aged 5 years and
above. These findings align with previous studies and
underscore the seasonal variation in TIDM diagnoses
[16, 18]. Green et al. [18], similarly found that the onset
of TIDM showed marked seasonality in the 10-14 age
group. Additionally, Turtinen et al. observed that sea-
sonality was particularly evident in older children aged
5-14 years [19]. Consistent with our study, Moltchanova
et al. also noted seasonality in older children, but not
in those younger than 5 years [11]. Studies with small
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Figure 7. Comparison of mean seasonal and monthly temperature with cut-off points

a) Comparison of seasonal mean temperature with cut-off point, b) Comparison of monthly mean temperature with cutt-off point

sample sizes did not provide evidence supporting sea-
sonality in younger children [17, 20].

In our study, the classical symptoms of polydipsia
and polyuria were the prevailing clinical indicators of
T1DM. Notably, approximately 37% of the children in
the study exhibited DKA, with nearly 90% experiencing
severe DKA. It is worth noting that most children with
DKA demonstrated severe metabolic acidosis upon ad-
mission, aligning with findings from other studies [21,
22]. In contrast to the findings from centers in China and
Turkey, where the percentages of children with severe
metabolic acidosis on admission were 33.9% and 15.9%,
respectively, our results revealed a higher rate of this
condition [23, 24]. Nearly two-thirds of patients with the
onset of TADM require treatment in a pediatric intensive
care unit (PICU) due to the severe clinical manifestations
of DKA. There are limited studies on PICU hospitaliza-
tion rates at the onset of TIDM; however, our findings
suggest that the prevalence of PICU admissions for se-
vere DKA is higher than previously reported by Passanisi
et al. [25] and Lah Tomuli¢ et al. [22]. These findings sug-
gest that in our region, if symptoms of TIDM are not
recognized early by caregivers, particularly when only
polyuria and polydipsia are present, they are identified

much later when severe metabolic acidosis has devel-
oped, leading to a heightened risk of severe DKA com-
plications. This delay in diagnosis is further exacerbated
by mismanagement, limited access to experienced
physicians, and a lack of adequately equipped centers.
Our study uncovered a distinct pattern in the presenta-
tion of DKA, with a higher frequency during the warmer
months. This finding contrasts with the observations by
Babar et al. [26] and previous studies, which reported
the highest frequency of DKA cases during winter [27,
28]. Apart from genetic heterogeneity and racial differ-
ences [29], environmental factors specific to the Asian
population and other populations could account for the
differences in DKA occurrence across geographical areas
[30]. Another potential explanation for this variation
could be the longer and hotter summers experienced in
certain regions, particularly in our province.

Conclusion

The trend of TIDM onset and DKA presentation is shift-
ing towards the warm seasons. Our province has expe-
rienced an increase in TIDM cases, with an increase in
both the age of onset and DKA frequency at diagnosis.
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Limitations and perspectives

The findings of our study may be influenced by several
potential factors that could impact our results. Firstly,
it is essential to highlight that this study was retrospec-
tive. In addition, missing data may have affected the
accuracy of our findings. Furthermore, because some
information was selfreported, the potential for memory
and desirability biases may have constrained the study’s
accuracy. We did not categorize children or adolescents
by age group, unlike many other studies. This limits our
ability to identify distinct seasonal patterns within spe-
cific age groups, as seasonality may vary by age. More-
over, while our study included all patients referred to
our center from Mazandaran Province in Iran during
2011-2020, the singlecenter design limits the gener-
alizability of the findings. Additional research using
multicenter designs that include patients from diverse
ethnic backgrounds is needed to improve the applicabil-
ity of these findings. Furthermore, the relatively small
sample size is another limitation, and it is possible that
the results may differ with a larger cohort. In addition,
future research should focus on determining the actu-
al incidence of brain edema in pediatric patients with
DKA, ideally through studies with larger sample sizes.
The study is also limited by the lack of access to popu-
lationlevel comparison data. Moreover, analyzing viral
epidemiological data from two distinct time periods in
relation to the month and season of TLDM onset could
yield valuable insights into the seasonality of TIDM di-
agnosis in future studies.
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