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Abstract
Purpose  The aim was to evaluate the impact of familial autoimmunity on the age and severity of type 1 diabetes (T1D) 
presentation and on the coexistence of other autoimmune diseases.
Methods  We retrospectively evaluated the medical records of 121 children/adolescents (male: 63) followed in our Diabetic 
Clinic from 2002 to 2016.
Results  Seventy-six patients (62.8%) had at least one relative with an autoimmune disease, Hashimoto’s thyroiditis (49.5%) 
and T1D (22.3%) being the commonest. Children with familial autoimmunity were younger at T1D diagnosis (mean age ± SD) 
(6.766 ± 3.75). Median fasting c-peptide levels at presentation were not related to familial autoimmunity. Patients with famil-
ial autoimmunity more often exhibited GADA autoantibody positivity at diagnosis. The larger the number of the patient’s 
relatives diagnosed with an autoimmune disease, the higher were the patient’s GADA levels (Spearman’s rho test = 0.19, 
p = 0.049). Children with a first-degree relative with autoimmunity had a coexisting autoimmune disorder at a significantly 
higher percentage (p = 0.016). Family history of autoimmunity was negatively associated with the presence of diabetic 
ketoacidosis (DKA) (p = 0.024). Patients with a relative with T1D less frequently exhibited DKA at diagnosis (12.8 vs. 
87.2%, p = 0.003). The presence of DKA was associated with younger age (p = 0.05) and lower c-peptide levels (p = 0.033).
Conclusions  Familial autoimmunity was present in 62.8% of children with T1D, autoimmune thyroiditis and T1D being 
the two most frequent familial autoimmune diseases. Familial autoimmunity reduced the risk of DKA at diagnosis, but 
these patients were younger and had higher levels of pancreatic autoantibodies and a greater risk of developing additional 
autoimmune diseases.
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Introduction

The incidence of diabetes mellitus type 1 (T1D) in childhood 
is estimated at 6.5 × 104 cases/year. Diabetic ketoacidosis 
(DKA) as the first presentation of the disease occurs often 
and is well recognized as the main cause of death at diabetes 
diagnosis due to severe adverse events such as electrolytic 

disturbances, brain edema, and coma [1]. Additionally, DKA 
is accompanied by lower c-peptide levels due to decreased 
residual beta cell function [2]. During the course of dia-
betes, DKA is correlated with poor glycemic control and 
neurocognitive deficits, as well as elevated health care costs 
[3–6]. According to previous reports, severe DKA as the 
first presentation of T1D is more often observed in children 
without family history of T1D or other autoimmune diseases 
[5, 7, 8]. On the contrary, children belonging to a family with 
at least one first-degree relative with T1D exhibit six times 
lower risk of DKA as the first manifestation of T1D [9]. 
This is attributed to timely identification of the initial symp-
toms of T1D by the experienced family members. A report 
published by Hekkala et al. concluded that children with a 
family history of T1D or T2D are less likely to exhibit DKA 
as the first manifestation of the disease [10]. Additionally, a 
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review article by Usher-Smith et al. underlines the fact that 
within a family with at least two members with T1D, the 
first to be diagnosed with the disease was at higher risk of 
developing severe DKA at the time of diagnosis [9]. The aim 
of the present study was to investigate whether DKA pres-
ence and severity at T1D diagnosis may be related to pre-
existing familial autoimmunity as well as to assess whether 
the history of other autoimmune diseases within the family 
constitutes a risk factor for developing T1D and/or addi-
tional autoimmune diseases during the course of diabetes. 
Additionally, we explored a possible link between famil-
ial autoimmunity and age at T1D diagnosis, along with the 
presence and titers of pancreatic autoantibodies.

Methods

The study population consisted of 121 children, adolescents, 
and young adults with T1D (male/female ratio: 63/58) fol-
lowed up by the Diabetes and Metabolism Clinic of the Sec-
ond Department of Pediatrics of the National and Kapodis-
trian University of Athens, ‘P. & A. Kyriakou’ Children’s 
Hospital, Athens, Greece, from January 2002 to December 
2016. The participants’ age ranged from 1 to 20 y, age at 
T1D onset was 1–15 y, and disease duration ranged from 
2 months to 14.5 years. T1D and DKA diagnosis and sever-
ity were based on the International Society of Pediatric and 
Adolescent Diabetes (ISPAD) criteria [11]. Patients with 
incomplete medical records were excluded from the study. 
Approval of the Ethics Committee was obtained.

This is a retrospective population study. Age at T1D diag-
nosis, presence of pancreatic autoimmunity, and familial 
autoimmunity were considered as risk factors, while severity 
of initial T1D clinical presentation (DKA, DKA severity, or 
coma) was considered as the outcome. Familial autoimmun-
ity was defined as the presence of at least one autoimmune 
disease either among first-degree relatives (nuclear fam-
ily) or among second- and third-degree relatives (extended 
family).

The following parameters were extracted and docu-
mented from the patients’ medical records: (a) demo-
graphic and anthropometric data; (b) DKA and its severity 
at T1D diagnosis; (c) disease duration; (d) fasting c-pep-
tide levels and anti-pancreatic glutamic acid decarbozylase 
antibodies (GADA) and islet phosphatase 2 (IA2) antibod-
ies at diagnosis; (e) presence of organ-specific antibodies 
and specifically antithyroid antibodies (anti-TPO and anti-
TG), celiac antibodies (anti-tTG, anti-AGA, anti-EMA-
IgA, and IgG) and antiparietal cell antibodies (APCA) at 
T1D diagnosis and during follow-up); (f) the presence of 
autoimmune diseases among nuclear and extended family 
members, according to parents’ reports. A Soehnle Pro-
fessional Scale was used for evaluation of anthropometric 

parameters, and body weight was measured at diagnosis 
and during each outpatient visit to the Diabetic Clinic. 
Body mass index (BMI) was calculated as weight (kg)/
height (m)2. Evaluation of GADA and ΙΑ2 anti-pancre-
atic antibodies was performed using a radioimmunoassay 
(RIA) method, with normal upper limit 0.9 U/ml and 0.75 
U/ml, respectively. Normal fasting c-peptide levels were 
defined as 1.77–4.68 ng/ml. Antithyroid antibodies were 
measured using an immunoluminometric assay (ILMA). 
Celiac antibodies (anti-tTG, anti-AGA and anti-EMA-
IgA, and IgG) were measured using ELISA. Celiac dis-
ease diagnosis was based on typical small intestinal biopsy 
findings in patients with persistently high levels of celiac-
specific antibodies. Moreover, total IgA levels were meas-
ured in all children. APCA were measured using indirect 
immunofluorescent assay (IFA).

Statistical analysis

Continuous variables were presented as mean value ± SD 
if normally distributed, and as median value (interquar-
tile range, IQR) if not normally distributed. Normality of 
continuous distributions was assessed using the Kolmogo-
rov–Smirnov test. The categorical variables were presented 
as absolute (N) and relative frequency (%). Comparison of 
the data was made based on tests depending on the type of 
variables. The chi-square test was used for comparison of 
categorical variables, while Fisher’s exact test was used for 
comparison of small groups (consisting of ≤ 5 patients). For 
comparison between quantitative and qualitative variables 
with two categories, Student’s t test was used for variables 
following the normal distribution, and the non-parametric 
Mann–Whitney test for variables not following the normal 
distribution. One-way ANOVA and the Kruskal–Wallis test 
were used to compare quantitative variables with qualita-
tive variables in more than two groups. To test the linear 
correlation between quantitative variables, the Spearman 
RHO statistical procedure was chosen. Finally, to assess the 
overall effect of the factors under examination related to the 
probability of DKA, univariate logistic regression analysis 
was initially carried out to export odds ratios, followed by 
multivariate logistic regression analysis in order to evaluate 
the adjusted odds ratio. The same procedure was carried out 
in order to assess the effect of coexistent and familial auto-
immunity on the age of T1D onset. Gender, c-peptide lev-
els, and coexistent autoimmunity were regarded as potential 
confounders and adjusted by multivariate modeling. Data 
management and all statistical analyses were performed 
using IBM Statistical Package for Social Sciences (SPSS) 
version 21. A two-tailed P < 0.05 was considered statistically 
significant.
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Results

The mean ± SD age of the patients was 11.99 ± 4.63 years, 
their median diabetes duration was 3.5 [1–6] years, their 
mean ± SD age at diabetes diagnosis was 7.62 ± 3.67 years, 
while their mean HbA1c during the past 12 months was 
7.66 ± 1.16%. Median c-peptide levels were 0.59  ng/
ml (range: 0.45–0.86). Seventy-three percent (73%) of 
patients had GADA and 71.4% had IA2 anti-pancreatic 
antibody positivity, while in 53% both anti-pancreatic anti-
bodies were positive. Seventy-six patients (62.8%) of the 
study group had at least one relative with an autoimmune 
disease within the nuclear (52/121) (43%) or extended 
family (52/121) (43%). Specifically, 30/121 (24.8%) of 
the study group had one relative, 28/121 (23.1%) had two 
relatives, 14/121 (11.6%) had three, and 4/121 (3.3%) had 
four or more relatives with autoimmune disease. Within 
the nuclear family, mothers were more often likely to have 
autoimmunity (42/121) (34.7%) than were fathers (14/121) 
(11.5%). In total, 23.1% of the patients had a parent and 
9.8% had a sibling with an autoimmune disease.

The most frequent autoimmune diseases within the 
nuclear or extended family were Hashimoto’s thyroiditis 
and T1D, with 49.5% and 22.3% of the patients reporting 
at least one or more relatives with the disease, respec-
tively. Other autoimmune diseases within the study group 
were rheumatic arthritis (4.1%), vitiligo (4.1%), psoriasis 
(3.3%), inflammatory bowel disease (3.3%), and multiple 
sclerosis (2.5%), while other diseases such as celiac dis-
ease, Graves’ disease, Sjogren syndrome, and autoimmune 
hepatitis were reported by < 1% of the study group.

Children with familial history of autoimmune disease 
within the extended family were significantly younger 
at T1D diagnosis compared to those without such his-
tory (mean age ± SD: 6.76 ± 3.75 vs 8.26 ± 3.51 years, 
p = 0.025). The median values of fasting c-peptide levels 
at first manifestation of the disease were not related to 
the presence/absence of familial autoimmunity [median 
(range):0.58 ng/ml (0.43–0.83) vs 0.60 ng/ml (0.49–0.99)] 

(p = 0.603) (Mann–Whitney U test). Patients with a history 
of familial autoimmunity more often significantly exhib-
ited positivity of GADA and marginally of IA2 autoanti-
bodies at first T1D diagnosis compared to the rest of the 
study group. More specifically, patients with a positive 
history of autoimmunity among first- and second-degree 
relatives exhibited significantly higher levels of GADA 
compared to patients without an analogous family history 
(median 7.56 vs. 1.58 U/ml, p = 0.041, Mann–Whitney 
test) (Table 1). Additionally, the presence of autoimmunity 
within the nuclear family was linked to higher GADA lev-
els (median value: 7.56 U/ml) compared to patients with-
out a family history (median value: 2.30U/ml), this being 
statistically significant (p = 0.042, Mann–Whitney test). 
Moreover, the larger the number of relatives diagnosed 
with an autoimmune disease, the higher were the patient’s 
GADA levels (p = 0.049) (Spearman’s rho test = 0.19, 
p = 0.049).

Children with a first-degree relative with autoimmune 
disease had a significantly higher percentage of a coexist-
ing autoimmune disorder compared to children without an 
analogous family history (60 vs. 36%, p = 0.016, Pearson 
chi-square). Moreover, the number of relatives with an auto-
immune disease in the nuclear and extended family in total 
(Spearman’s rho = 0.20, p = 0.021) or, specifically, in the 
nuclear family (Spearman’s rho = 0.24, p = 0.007) was posi-
tively associated with the number of additional autoimmune 
diseases in children with T1D with statistical significance. 
Furthermore, multivariate regression analysis showed that 
patients with a history of autoimmunity within the nuclear 
family had a 2.7-fold greater chance of developing another 
autoimmune disease during the course of the disease, inde-
pendently of their age and the duration of T1D (OR: 2.7, 
95%CI: 1.18–5.96, p = 0.017). The larger the number of rela-
tives with autoimmunity, the larger was the number of coex-
isting autoimmune diseases of a specific patient (p = 0.007, 
Spearman’s rho 0.24).

The number of relatives with an autoimmune disease 
within the extended family was negatively associated with 

Table 1   Titer of autoantibodies 
GADA and IA2 of children with 
T1D at diagnosis according 
to the presence or absence 
of autoimmunity within the 
nuclear or/and the extended 
family

a  Mann–Whitney test. ΙQR: interquartile range, GADA: glutamic acid decarboxylase autoantibodies, IA2: 
protein tyrosine phosphatase-like protein IA2

Familial
autoimmunity

GADA (U/ml) median (IQR) P IA2 (U/ml)
Median (IQR)

P

Total Yes 7.56 (1.18–27.00) 0.041 a 5.80 (0.90–13.87) 0.067 a

No 1.58 (0.30–10.26) 2.82 (0.11–11.03)
Nuclear family Yes 7.56 (2.10–21.35) 0.042 a 4.00 (0.70–10.36) 0.980 a

No 2.30 (0.34–21.59) 4.30 (0.62–12.99)
Extended
family

Yes 5.99 (0.80–29.00) 0.774 a 7.50 (1.05–15.00) 0.059 a

No 4.27 (0.69–20.79) 3.07 (0.42–11.03)
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the presence of DKA at diagnosis (p = 0.024, Mann–Whit-
ney test) compared to those without such history.

Patients with a first- or second-degree relative with T1D 
exhibited DKA as the first manifestation of T1D to a signifi-
cantly lower percentage compared to the rest of the study 
group (12.8 vs. 87.2%, p = 0.003, Pearson chi-square test). 
Conversely, patients with moderate/severe DKA mostly 
belonged to the subgroup without T1D affected relatives 
(p = 0.004) (Table 2).

Univariate regression analysis showed that the presence 
of a positive family history of autoimmunity, as well as the 

number of relatives within the extended family and the num-
ber of family members with T1D had a negative correlation 
(protective role) with the development of DKA as the first 
manifestation of the disease. Additionally, the presence of 
DKA at diagnosis of diabetes was noted in younger patients 
(p = 0.05) and those with lower c-peptide levels (p = 0.033) 
(Table 3).

Multivariate regression analysis showed that the factors 
independently associated with the development of DKA 
at diagnosis of diabetes were patient’s age (p = 0.022) and 
the number of relatives with an autoimmune disease in the 

Table 2   Correlation of the 
presence of T1D within the 
family (nuclear and extended) 
of children with T1D and the 
manifestation and severity of 
DKA at diagnosis

a  Pearson chi-square. b Fisher’s exact test

DKA T1D (extended family) T1D (nuclear family)

Yes
N(%)

No
N(%)

P Yes
N(%)

No
N(%)

P

No 14 (36.8) 24 (63.2) 0.003a 5 (13.2) 33 (86.8) 0.112a

Yes 10 (12.8) 68 (87.2) 3 (3.8) 75 (96.2)
Mild 4 (21.1) 15 (78.9) 0.014a 2 (10.5) 17 (89.5) 0.107a

Moderate 4 (14.8) 23 (85.2) 1 (3.7) 26 (96.3)
Severe 2 (6.3) 30 (93.8) 0 (0) 32 

(100)
Absent/mild 18 (31.6) 39 (68.4) 0.004a 7 (12.3) 50 (87.7) 0.031b

Moderate/severe 6 (10.2) 53 (89.8) 1 (1.7) 58 (98.3)

Table 3   Univariate logistic 
regression analysis of the factors 
linked to the manifestation of 
DKA at T1D diagnosis

* OR: odds ratio, **CI:95% confidence interval, GADA: glutamic acid decarboxylase autoantibodies. IA2: 
protein tyrosine phosphatase-like protein IA2

OR* 95% CI** P

Gender (male/female) 1.30 0.59–2.83 0.509
Age at T1D diagnosis (y) 0.92 0.82–1.02 0.143
Age category of T1D diagnosis (y)
12.1—15
1–2 10.80 1.00–116.99 0.050
2,1–12 2.47 0.70–8.75 0.159
c-peptide 0.26 0.07–0.89 0.033
GADA 1.00 0.99–1.00 0.829
IA2 0.99 0.99–1.00 0.386
Coexisting autoimmunity at diagnosis (yes/no) 0.69 0.22–2.12 0.523
Coexisting autoimmunity
(yes/no)

1.03 0.42–2.48 0.945

Number of coexisting autoimmune diseases 1.33 0.66–2.67 0.421
Familial autoimmunity(nuclear and extended) (yes/no) 0.74 0.33–1.66 0.480
Number of relatives (nuclear and extended) 0.80 0.58–1.10 0.181
Familial autoimmunity (nuclear) (yes/no) 0.95 0.43–2.10 0.912
Number of relatives (nuclear family) 1.10 0.64–1.90 0.721
Familial autoimmunity (extended family) (yes/no) 0.45 0.20–0.99 0.049
Number of relatives (extended family) 0.61 0.39–0.96 0.035
Family history of T1D (nuclear and extended) (yes/no) 0.25 0.09–0.64 0.004
Number of relatives with T1D (nuclear and extended) 0.27 0.12–0.63 0.002
Family history of T1D (nuclear family) (yes/no) 0.26 0.06–1.17 0.080
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extended family (p = 0.010). In particular, children aged 
1–2 years old were 20-fold more likely on being diagnosed 
with diabetes to develop DKA in comparison with those 
aged 12,1–15 years old, independently of other factors (OR: 
21.42, 95% CI: 1.55–295.63, P: 0.022). Moreover, for every 
additional relative with autoimmunity in the extended fam-
ily, the likelihood of developing DKA was reduced by 48%, 
independently of the presence of other factors (OR: 0.52, 
95% CI: 0.32–0.85, P: 0.010) (Table 4).

Discussion

In the present study, we retrospectively evaluated the preva-
lence of familial autoimmunity in the relatives of children 
and adolescents with T1D and its effect on the development 
and severity of DKA at diagnosis of diabetes. We also evalu-
ated the correlation of familial autoimmunity with labora-
tory parameters (c-peptide and pancreatic autoantibodies), 
as well as its association with the development of additional 
autoimmune diseases in the patients. There are very few 
studies to date assessing the frequencies of familial autoim-
mune diseases in the relatives of children and adolescents 
with T1D, and, to our knowledge, only one of them has 
reported on its association with the presence and severity 
of DKA at diagnosis of diabetes or pancreatic autoimmun-
ity [12].

Several common genetic loci along with environmental 
factors can predispose to the manifestation of either a spe-
cific type or a spectrum of autoimmune diseases within the 
members of the family [13]. T1D is an excellent example 
of an autoimmune disease that is linked to other autoim-
mune diseases, either in the proband or in the family mem-
bers. The majority of our study group (62.8%) reported at 
least one relative with an autoimmune disease, while 43% 
had at least one first-degree relative and another 43% had a 

second- or third-degree relative with autoimmunity. Alhonen 
et al. reported that 22% of children with T1D had a positive 
autoimmunity history within the nuclear family compared 
to healthy controls (12.9%). The aforementioned percentage 
was much higher among both nuclear and extended family 
members compared to controls (72 vs. 62.2%, respectively). 
[14] Another two studies by Parkkola et al. and Anaya et al. 
reported in children with T1D a frequency of at least one 
first-degree relative with an autoimmune disease of 11.2% 
and 25.5%, respectively, compared to 9% of controls [15, 
16]. The above frequencies were lower than those reported in 
our study (43%), this possibly attributable to methodological 
differences among studies. [14, 16].

The most common autoimmune diseases within the 
nuclear and extended families were Hashimoto’s thyroiditis 
(49.5%) and T1D (22.3%), followed by rheumatic arthri-
tis (4.1%), vitiligo (4.1%), psoriasis (3.3%), inflammatory 
bowel disease (3.3%), and multiple sclerosis (2.5%), while 
other diseases such as celiac disease, Graves’ disease, 
Sjogren syndrome, and autoimmune hepatitis were reported 
among < 1% of the study group. Only a few reports have 
evaluated the frequency of familial autoimmunity in T1D 
patients, especially within the extended family [16–18].

A large study from Sweden reported that among 21,168 
children with T1D, the most prevalent familial autoim-
mune diseases were celiac disease, autoimmune thyroiditis, 
Graves’ disease, Addison’s disease, and rheumatic disease 
[17]. In line with our results are those of Parkkola et al. who 
noted that the commonest familial autoimmune diseases 
among first/second-degree relatives were autoimmune thy-
roiditis (17%), rheumatic disease (12%), and celiac disease 
(5.2%). In the latter study, children with familial history 
of T1D were not included [16]. Similar results have been 
reported in two other studies [14, 15]. Majeed et al. found 
that 27.1% of children with T1D had a relative with T1D and 
15.6% a relative with thyroiditis. [18] Thus, specific autoim-
mune diseases run in families with T1D affected patients, 
which indicates the possible effect of common pathogenetic 
loci on the development of these diseases.

The presence of familial autoimmunity in our study was 
not associated with the patients’ fasting c-peptide levels at 
T1D diagnosis. This could be explained by the possible dual 
role played by familial autoimmunity in T1D manifestation. 
Specifically, the increased autoimmunity load in the family 
could result in a more aggressive form of disease presenta-
tion, expressed by low c-peptide levels. On the other hand, 
within the families with autoimmune diseases, especially 
T1D, there is a high degree of awareness regarding sus-
pected diabetes symptoms, leading to a timely diagnosis at 
an earlier stage of the disease at which there are adequate 
remaining b-cells and thus relatively higher levels of c-pep-
tide. Our findings are in accordance with previous reports in 
the international literature. [12, 19] In particular, the study 

Table 4   Multivariate regression analysis of the factors related to 
DKA at T1D diagnosis

* OR: adjusted odds ratio, **95% CI: confidence interval

Adjusted OR* 95% CI** P

Age at T1D diagnosis (y)
1–2 21.42 1.55–295.63 0.022
2.1–12 2.65 0.70–9.97 0.149
Gender 1.39 0.59–3.24 0.442
Number of relatives with 

autoimmunity (extended 
family)

0.52 0.32–0.85 0.010

Coexisting autoimmunity 
(yes/no)

1.20 0.45–3.16 0.713

Familial autoimmunity 
(nuclear family) (yes/no)

1.11 0.46–2.69 0.811
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by Karges B et al., including 3765 patients with familial type 
T1D and 53,606 patients with sporadic T1D identified by 
the Diabetes Prospective Follow-up Registry, reported that 
patients with familial type T1D were diagnosed at a younger 
age, while they had lower HbA1c levels, lower prevalence of 
DKA at diagnosis, and higher prevalence of associated auto-
immune diseases compared to those with sporadic T1D [12].

In the present study, GADA titers were higher in patients 
with autoimmunity within both the nuclear and the extended 
family, while the larger the number of the patient’s relatives 
diagnosed with autoimmunity, the higher were the patient’s 
levels of GADA. According to previous reports, positive 
GADA autoantibodies have been associated with the patient 
presenting coexisting autoimmunity, particularly thyroid and 
gastric autoimmunity (thyrogastric autoimmunity), and have 
been considered as a marker of the future development of 
thyrogastric autoimmunity in T1D patients [16, 20]. Our 
data confirm the results from the study by DeBlock et al. 
showing that the presence of thyrogastric antibodies in first-
degree relatives of patients with T1D is associated with the 
patient’s autoantibody status [21]. The association of GADA 
with the presence of thyrogastric antibodies in patients with 
T1D may be explained by the hypothesis that the pancreas, 
thyroid gland, and stomach share common antigens [22, 23]. 
Once a T cell response to GADA has been primed in the 
pancreas, the resulting activated T cells initiate damage of 
other neuroendocrine tissues containing the same or similar 
enzymes [23].

Moreover, Brorsson et al. reported that specific common 
genetic loci are responsible for the pathogenesis of T1D and 
the production of organoid autoantibodies such as GADA, 
IA2, anti-TPO, and anti-TG, and these loci predispose to sev-
eral autoimmune diseases within families [24]. In contrast, 
Parkkola et al. did not find any correlation between the pres-
ence of anti-pancreatic autoantibodies and familial autoim-
munity. The latter discrepancies with the present study could 
be due to methodological differences [16].

Regarding the presence of family history of T1D, accord-
ing to our results, 22.3% of the study group had at least one 
relative with T1D within the nuclear and/or the extended 
family (7.4% nuclear and 19% extended). Similarly, a previ-
ous paper by Parkkola et al. reported that 10–12% of patients 
with T1D had at least one first-degree and 5–16% one sec-
ond-degree relative with T1D [15]. There is only one study, 
from Finland, reporting that a much higher percentage (50%) 
of children with T1D had one or more relatives within the 
extended family. This could be explained by the high preva-
lence of the disease in the latter country [14].

Another significant finding of our study is that patients 
with positive family history of autoimmunity, and especially 
of T1D, were younger at the time of diagnosis compared 
to the rest of the study group. The higher the number of 
relatives diagnosed with an autoimmune disease within the 

extended family, the younger was the age of T1D manifes-
tation. These findings are in agreement with the study by 
Milluzzo et al., who reported that T1D patients with a family 
history of T1D represent a distinct manifestation of auto-
immune diabetes in that they are diagnosed at a younger 
age and have an increased risk of development of additional 
autoimmune diseases in comparison to those with sporadic 
T1D [25].

The latter observation is in accordance with the exist-
ing literature, indicating that genetic factors may play a 
significant role in the pathogenesis of T1D, resulting in a 
more aggressive autoimmune process [12, 21, 25–27]. On 
the other hand, multifactorial logistic regression analysis 
of our data showed that the presence of T1D family his-
tory acted protectively against DKA manifestation due to 
timely diagnosis. Regarding the effect of the recent COVID-
19 pandemic on T1D diagnosis, all studies agree that the 
frequency and severity of DKA among newly diagnosed 
children and adolescents with T1D has increased, although 
there are controversial reports on pediatric T1D incidence, 
with some studies reporting a reduction, others an increase, 
and others no change [28–30]. The presumed increase in the 
frequency and severity of DKA at T1D diagnosis has been 
attributed by the authors either to delayed attendance, and 
therefore late diagnosis, at the outpatient clinic due to the 
fear of SARS-CoV-2 exposure or to the diabetogenic effect 
of the virus itself [28, 29]. These observations highlight the 
importance of early diagnosis of T1D for the prevention of 
DKA development.

In the present study, we also found a correlation between 
familial and coexisting autoimmunity. Children with a first-
degree relative with autoimmune disease had a three-fold 
higher risk of experiencing a second autoimmune disease 
during the course of T1D, independently of the patient’s 
age or the duration of the disease (OR:2.72, p = 0.021). 
Additionally, children with coexisting autoimmunity had a 
higher proportion (i.e., > 3) of relatives with autoimmun-
ity compared to the rest of the study group (p = 0.026), this 
being in accordance with previous reports [12, 25, 31]. A 
thorough follow-up that includes monitoring for possible 
coexisting autoimmune diseases is recommended in T1D 
patients, especially those with a family history of autoim-
munity and prompt advice should be offered to the relatives 
of these patients concerning the higher risk for development 
of an autoimmune disease in the future. In fact, the TEDDY 
(The Environmental Determinants of Diabetes in the Young) 
study (2014), which examined the prevalence of pancreatic 
autoimmunity among the first-degree relatives of T1D chil-
dren, showed that the identification of three anti-pancreatic 
antibodies among the siblings of T1D children (i.e., children 
with high genetic risk for T1D) led to a significant degree to 
early diabetes diagnosis and prevention of DKA (TEDDY 
2011) [32, 33]. The importance of DKA prevention at T1D 
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diagnosis has been analyzed by Kakleas et al. who have 
demonstrated that severe DKA might be causally associ-
ated with future development of polyautoimmunity in these 
patients [34]. The authors also suggest that the development 
of polyautoimmunity in children with T1D might be due to 
the more aggressive autoimmune endotype of the disease 
[35]. To conclude, while information on the presence of 
familial autoimmunity is of extreme importance for early 
T1D diagnosis and possible DKA prevention, it could also 
be used as a marker for the future development of coexisting 
autoimmunity.

The limitations of our study are its retrospective character 
and the relatively small number of study participants. Nev-
ertheless, our data should be considered representative as 
they come from a referral center for the regions of Central 
and Southern Greece and the islands. Another limitation of 
the present study is that only two anti-pancreatic antibodies 
were initially assessed (GADA and IA2) in the total study 
population, and in the case of negative results, we proceeded 
to the investigation of the remaining anti-pancreatic antibod-
ies (ICA, IAA, and ZnT8), as previously suggested [36]. 
GADA and IA2 anti-pancreatic antibodies are, however, the 
most frequently occurring ones and their combination has 
been shown to be the best predictor for future T1D develop-
ment [37].

A strength of the present study is that is among the very 
few in the literature to assess a large number of [20] autoim-
mune diseases in the nuclear and extended family and it is 
the only one to assess the association of familial autoimmun-
ity with the development and severity of DKA at diabetes 
presentation.

Conclusions

In the present study, familial autoimmunity was present in 
more than half (62.8%) of children with T1D, with autoim-
mune thyroiditis being the most frequent familial autoim-
mune disease, followed by T1D. However, T1D patients with 
familial autoimmunity were younger at diagnosis and had a 
higher prevalence, higher titers of pancreatic autoantibodies, 
and a greater risk of developing another autoimmune disease 
during the course of the disease. The clinical importance 
of our findings is significant, since identifying the factors 
related to DKA development at T1D diagnosis may lead 
to the reduction of its frequency and severity. Our study 
has also shown that the presence of familial autoimmunity 
might act as a protective factor in relation to DKA at T1D 
diagnosis and its severity.

It is therefore evident that in all children with newly 
diagnosed T1D, a detailed family history should be taken 
and advice should be offered to both the patient and the 
family on the risks of developing an additional autoimmune 

disease. Moreover, all patients should have a regular, annual 
laboratory evaluation to monitor for potential additional 
autoimmune diseases so as to avoid any delayed diagnosis. 
Further larger studies are necessary to shed further light on 
the above findings.
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