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Introduction: The prevalence of both obesity and type 1 diabetes mellitus (TIDM)
has increased globally over the last decades. Overweight and obesity affect
individuals with TIDM and influence not only the autoimmune pathogenesis but
also the long-term complications of T1IDM. This study aimed to investigate the
effect of excess body weight on the clinical presentation of TIDM.

Methods: We conducted a retrospective, single-center cohort study at the
largest pediatric endocrinology center in Hungary. Data were collected from
children diagnosed with TIDM between 2014 and 2023. A total of 994 patients’
presentation parameters and anthropometric data were analyzed. Based on BMI
Z-scores, patients were categorized into three groups (normal-weight,
overweight, and obese). Metabolic parameters at diagnosis were compared
between groups.

Results: The combined ten-year prevalence of overweight and obesity was
found to be 15.9%. Significant between-group differences were observed in pH
(p=0.005), bicarbonate (HCOs"; p=0.018), partial carbon-dioxide (pCO,)
pressure (p=0.018), and C-peptide levels (p< 0.001). Lower pH, pCO, and
HCOs" levels were found among those who were overweight, and higher C-
peptide levels in children with obesity. Diabetic ketoacidosis (DKA) and severe
DKA were seen at a significantly higher rate among children with overweight and
obesity (p=0.013; p< 0.001).

Discussion: Children with overweight presented with more severe metabolic
derangement at TIDM onset. Obese and overweight children have a higher risk
of having DKA at presentation despite elevated C-peptide levels, which suggest a
greater residual B-cell function. These findings support the hypothesis that other
factors, such as chronic inflammation, may contribute to TIDM manifestation.
Our findings highlight the impact of overweight and obesity on the clinical
presentation of TIDM. In case of weight loss in obese and overweight children,
more attention should be paid to the classical symptoms of TIDM.
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Introduction

An increase in the incidence and prevalence of type 1 diabetes
mellitus (T1DM) in children was observed in the last decades (1-3).
The incidence is increasing by an average of 3-4% per year, a rate
that cannot be explained by genetic causes (4). Therefore, the
underlying causes are considered to be environmental factors.
The obesogenic environment and the presence of overweight and
obesity might add to the increasing prevalence of T1IDM (5-10).

Overweight and obesity present an international problem in
childhood with a continuously increasing prevalence. Several
definitions are used to describe overweight and obesity
worldwide. The World Health Organization (WHO) determines
the presence of overweight and obesity based on the BMI Z-score.
Overweight is defined as a BMI Z-score greater than one, while a
score above two indicates obesity (11).

Individuals with TIDM are not exempt from the obesity
pandemic. According to the SWEET (Better control in Pediatric
and Adolescent diabeteS: Working to crEate CEnTers of Reference)
Registry, 31.8% of children with TIDM are affected with overweight
or obesity (WHO’s definition was used) (12). The presence of
overweight in TIDM increases cardiometabolic risk and worsens
the chronic complications of T1IDM. In addition, insulin resistance
caused by obesity leads to higher insulin requirements and
complicates achieving optimal glycemic control and weight
management in TIDM (5).

Previous studies reported the effect of overweight on
pathogenesis and long-term complications of TIDM, but not the
possible acute complications seen at presentation of TIDM. Our
study aimed to better understand the impact of overweight and
obesity on the presentation of TIDM. Therefore, in our study we
aimed to assess the metabolic parameters at the onset of TIDM in
children based on their body mass index (BMI) status, and to
compare these parameters between normal-weight, overweight, and
obese children with TIDM.

Materials and methods
Study setting and data collection

Our single-center retrospective cohort study was performed at
the Bokay Unit of the Pediatric Center, Semmelweis University,
Budapest, Hungary. In Hungary, our center is the largest in
pediatric TIDM care, with almost 25% of Hungarian pediatric
T1DM patients. Data were collected from all children with diabetes
mellitus (DM) who received insulin treatment and had at least one

Abbreviations: ADA, American Diabetes Association; BG, blood glucose; BMI,
body mass index; DKA, diabetic ketoacidosis; DM, diabetes mellitus; IR,
interquartile range; ISPAD, International Society for Pediatric and Adolescent
Diabetes; HbA ., hemoglobin Alc; HCO; , bicarbonate; pCO,, partial pressure
of carbon dioxide; TIDM, type 1 Diabetes mellitus; T2DM, type 2 Diabetes
mellitus; SWEET, Better control in Pediatric and Adolescent diabeteS: Working
to crEate CEnTers of Reference; WHO, World Health Organization.
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visit between Ist of January 2014, and 31st of December 2023, at the
inpatient and/or outpatient Endocrinology and Diabetes Unit of the
Pediatric Center, Semmelweis University. Clinical data and
laboratory results were obtained from the university’s e-
MedSolution software. All children with a form of diabetes other
than T1DM and those who did not have anthropometric
measurements at the first ambulatory control were excluded from
our study.

Recorded parameters and methodology

Patients’ sex and the following parameters at manifestation of
T1DM were collected: age, pH, bicarbonate (HCO;'), partial
pressure of carbon dioxide (pCO,), blood glucose level (BG),
hemoglobin A;. (HbA,.), and C-peptide. Anthropometric data
(weight, height) were recorded at TIDM diagnosis and the first
ambulatory visit (three months after TIDM diagnosis).
Standardized SI units were used for all recorded parameters. The
presence of diabetic ketoacidosis (DKA) and its severity were
classified according to the latest International Society for Pediatric
and Adolescent Diabetes (ISPAD) guidelines and can be seen in
Table 1 (13).

Anthropometric data

From patients’ weight (kg) and height (m), their body mass
index (BMI) and BMI Z-scores, modified by age and sex, were also
calculated based on the Hungarian population standards (14, 15).
At T1DM manifestation, the assumed dehydration due to the
nature of DKA affected weight and, therefore, BMI status. Three
months after the diagnosis of TIDM, a steady-state condition is
presumed regarding anthropometric parameters, and the initial
dehydration is resolved. BMI Z-scores at the diagnosis of TIDM
were compared with those obtained three months later. In the
presence of a statistically significant difference between the two time
points, the three-month measurements were used for subsequent
analyses. Thereafter we defined groups based on the Z-score in two
ways. First, we formed the groups of ‘normal’ (12BMI Z-score) and
‘children with overweight’ (1<BMI Z-score). After that, children
with overweight were further divided into ‘overweight’ (1<BMI Z-
score < 2) and ‘obese’ (2<BMI Z-score) categories based on the
WHO’s definitions as shown in Table 2 (11). Underweight children
were combined with their normal-weight peers.

TABLE 1 ISPAD criteria to classify the severity of DKA at the
manifestation of TLDM (13).

No DKA 7.3 < pH or 18 < HCO;5™ (mmol/l)
Mild DKA 72<pH<73 or 10 < HCO3™ (mmol/l) < 18
Moderate DKA 71<pH<72 or 5 < HCO;3™ (mmol/l) < 10
Severe DKA pH <71 or HCO;3 (mmol/l) < 5
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TABLE 2 Classification of children based on WHO standards using BMI
Z-scores (11).

BMI status: Normal* Obese

Overweight

BMI criteria Z-score < 1 1 < Z-score <2 2 < Z-score

*In our study, children with low BMI Z-scores were merged with children with normal
Z-scores.

Statistical analysis

A professional biostatistician carried out the statistical analysis.
Regarding the number of outliers, non-parametric statistical tests
were used. To compare BMI Z-scores at TIDM diagnosis and three
months later, a Wilcoxon-signed-rank test was used. Comparisons
were done between two subgroups (“normal” vs “children with
overweight”) and also between three subgroups (“normal” vs
“overweight” vs “obese”). The Mann-Whitney U test was used for
comparisons of two subgroups with r effect size measurement, and
the Kruskal-Wallis H test was used to compare three subgroups
with Bonferroni correction for all pairwise comparisons and
calculation of the epsilon-squared (”) effect size measurement.
To compare proportions, the Pearson’s chi-square test of
independence with compare column proportions (adjust p-values
Bonferroni method) was used. The effects of age and sex were also
examined during groups comparisons using stratification/layer
method. For this, age groups were formed based on the
international SWEET database (0-5.99; 6-11.99; 12-17.99 years)
(16). The level of significance was set at 0.05. All statistical analysis
were performed by using IBM SPSS 30.0.0.0 version. Visualization
was created using IBM SPSS 30.0.0.0 and Microsoft
Office PowerPoint.

Results
Demographics

During the studied period, 1693 patients with DM appeared at
our center. 699 children were excluded because of missing

10.3389/fendo.2025.1740046

TABLE 3 Characteristics of children included in our study.

Number of patients 994
Mean + SD age at TIDM manifestation (years) 8.57 +4.26
Age min-max at TIDM manifestation (years) 0.5 -18.33
Female sex, n (%) 446 (44.9)
pH at TIDM manifestation, mean + SD 7.29 £ 0.15
HCO;™ at TIDM manifestation (mmol/l), mean + SD 17.35 + 7.57
No DKA, n (%) 550 (56.5)
Mild DKA, n (%) 175 (18.0)
DKA status at TIDM
manifestation Moderate DKA, n 123 (12.6)
(%)
Severe DKA, n (%) 126 (12.9)
pCO, at TIDM manifestation (mmHg), mean + SD 29.96 £ 9.8
BG at TIDM manifestation (mmol/l), mean + SD 24.87 + 9.86
HbA,. at TIDM manifestation (%), mean + SD 11.59 +2.48
C-peptide at TIDM manifestation (ng/ml), mean + SD 0.6 + 0.56

anthropometric data (633 children) or diabetes forms other than
T1DM (66 children). Overall, 994 patients’ records were analyzed
(548 boys, 55.1%); detailed data are provided in Table 3.

The ten-year prevalence of obesity was found to be 5.9%, the
prevalence of overweight was 10.0%, whereas overweight and
obesity together occurred in 15.9% of children with TIDM over
the study period.

Subgroup analysis

Patient subgroups were formed based on the three-month BMI
Z-score data. BMI Z-scores at TIDM diagnosis were significantly
lower than at three months (Z= -21.622; p<0.001, r=0.02). As stated
in the Methods, lower Z-scores may be a result of initial
dehydration and cannot be used for further analysis. Baseline
characteristics of each subgroup are shown in Tables 4 and 5.

TABLE 4 Characteristics of the two subgroups regarding the parameters recorded at the presentation of TLDM.

E:faor;i(:gr Normal (n=776) (C;]Tlltﬂ’ee)n with overweight effect size (r)
Age (years); Med [IR] 8.71 [4.83;11.98] 9.71 [6.23; 12.5] 0.041 0.067
pH; Med [IR] 7.35 [7.23; 7.4] 731 [7.12; 7.4] 0.009 0.089
HCO, (mmol/l); Med[IR] | 19.7 [11.18; 24.0] 163 [7.6; 23.6] 0.021 0.082
pCO, (mmHg); Med [IR] | 32.0 [23.0; 38.0] 28.7 [18.05; 37.0] 0.013 0.087
BG (mmol/l); Med [IR] 2435 [18.2; 30.8] 21.5 [17.0; 28.05] 0.033 0.071
HbA,. (%); Med [IR] 116 [9.9; 13.7] 113, [9.8; 13.6] 0.957 0.002
ﬁigepﬁde (ng/ml); Med 0.44 [0.25; 0.69] 0.57 [0.34; 1.15] <0.001 0.149

Significant difference between groups in bold. Med, Median; IR, Interquartile range, 25. and 75. percentiles.
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TABLE 5 Characteristics of the three subgroups regarding the parameters recorded at the presentation of TLDM.

10.3389/fendo.2025.1740046

Recorded parameter Normal Overweight Obese p effect size (%) Post- hoc
Med [IR] 8.71 [4.83;11.98] | 9.96 [6.27; 12.81] | 9.04 [6.23; 11.62]
Age (years) 0.111 0.00 Ns
n 776 92 54
Med [IR] 7.35 [7.23; 7.4] 729 [7.12;7.39] | 7.35 [7.2; 7.4]
pH 0.005 0.01 Ow<Nw, Ob=Nw
n 707 86 50
Med [IR] 19.7 [11.18; 24.0] | 153 [6.9; 22.7] 20.5 [10.85; 24.15]
HCO; (mmol/l) 0.018 0.01 Ow<Nw, Ob=Nw
n 674 79 48
Med [IR] 320 [23.0;38.0] | 27.5[16.1;36.83] | 32.0 [21.05; 37.0]
pCO, (mmHg) 0.018 0.01 Ow<Nw, Ob=Nw
n 689 80 49
21.45 [17.35;
Med [IR] 2435 182,308 | o 21.65 [14.63; 28.15]
BG (mmol/l) 18] 0.090 0.00 Ns
n 760 90 54
Med [IR] 11.6 [9.9; 13.7) 117 [10.1;13.6] | 11.25 [9.35; 13.78]
HbA,, (%) 0.567 0.00 Ns
n 728 87 52
Med [IR] 0.44 [0.25; 0.69] | 0.51 [0.3; 0.8] 0.71 [0.45; 1.7]
C-peptide (ng/ml) < 0.001 0.03 Ob>Nw, Ob>Ow, Nw=0Ow
n 679 79 50

Significant difference between groups in bold. n= number of data. Med, Median; IR, Interquartile range, 25. and 75. percentiles. Nw, normal weight; Ow, overweight; Ob, obese, ns, nonsignificant.

Subgroup analysis between two groups

Significant difference was found between ‘normal’ and ‘children
with overweight’ regarding age at TIDM diagnosis (Z= -2.044,
p=0.041, r=0.07), pH (Z= -2.597, p=0.009, r=0.09), HCO; (Z=
-2.316, p=0.021, r=0.08), pCO, (Z= -2.476, p=0.013, r=0.09), BG
(Z= -2.132, p=0.033, r=0.07) and C-peptide levels (Z= -4.234,
p<0.001, r=0.15). In normal-weight children, TIDM presented
itself at a younger age than in children with overweight. Children
with overweight found to have lower pH, HCO;', pCO, and BG as
well as higher C-peptide levels than their normal-weight peers at the
diagnosis of TIDM. No significant difference was found in HbA,
levels (Z= -0.054, p=0.957, r=0.00) at presentation between the two
subgroups. Detailed data are shown in Table 4.

C-peptide levels were independent of sex. The pH and HCO;
levels were significantly different in females, but did not differ
significantly in males. C-peptide differed significantly in two age
groups (6-11.99; 12-17.99 yrs). In age group 0-5.99 years, no
significant difference was found. Detailed data is shown in
Supplementary Material 1.

Subgroup analysis between the three
groups

Significant difference was found between ‘normal’, ‘overweight’,
and ‘obese’ children regarding pH (x2(2)=10.514, p=0.005, e =
0.01), HCO5™ (x%(2)=8.046, p=0.018, £* = 0.01), pCO, (1*(2)=7.988,
p=0.018, €% = 0.01) and C-peptide levels (}*(2)=25.684, p<0.001, &>
= 0.03). Overweight children were found to have lower pH, lower

Frontiers in Endocrinology

HCO; and pCO, than their normal-weight peers. Obese children
had higher C-peptide levels than normal-weight and overweight
children. Detailed data are shown in Figures 1-4 and Table 5. No
significant difference was found in age (x2(2)=4.390, p=0.111, e =
0.00), BG (3*(2)=4.821, p=0.090, £ = 0.00), and HbA . levels (}*(2)
=1.136, p=0.567, €% = 0.00) at presentation of TIDM between the
three subgroups.

C-peptide levels and pH differed significantly in both males and
females. The HCOj3  levels differed significantly in females but did
not differ significantly in males. The pH and C-peptide levels
differed significantly in two age groups (6-11.99; 12-17.99 yrs).
The HCO3™ and pCO2 levels differed significantly in age group 12-
17.99 years. In the age group 0-5.99 years, no significant difference
was found. Data is shown in Supplementary Material 2.

DKA severity

We further analyzed the severity of DKA at presentation of TIDM
in the subgroups; the data are shown in Table 6. The occurrence of DKA
of any severity (no vs. mild, moderate, severe) was 41.8% in normal-
weight, 59.3% among overweight, and 46.3% among obese children.
Overweight and obese children had a significantly higher prevalence of
DKA at presentation of TIDM compared to their normal-weight peers
& (3N = 903)=10.807, p=0.013). The occurrence of severe DKA
(severe vs. no, mild, moderate) was 10.9% in normal-weight children,
27.5% in those who were overweight, and 16.7% in the obese group.
Overweight and obese children had a significantly higher prevalence of
severe DKA at presentation compared to their normal-weight peers (*
(3N = 903)= 20.400, p < 0.001).
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FIGURE 2
Distribution of HCO3" levels (mmol/l) at the manifestation of TIDM in the BMI groups. Medians, interquartile ranges; minimum and maximum values,
and Kruskal-Wallis p-value are presented.

The presence and severity of DKA were further analyzed based
on sex and age groups. Sex and age have no effect on the severity of
DKA. In the 6-11.99-year age group, no association was found
between BMI status and the severity of DKA. Data is shown in
Supplementary Material 3.
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Discussion

To our knowledge, our study presents the first results about the
differences in the presentation of T1DM in childhood depending on
BMI status. In this retrospective cohort study involving 994
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values, and Kruskal-Wallis p-value are presented.
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Distribution of C-peptide levels at the manifestation of TIDM in the BMI groups. Medians, interquartile ranges; minimum and maximum values, and
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children with TIDM, we found lower pH, pCO, and HCO;" levels
among those who were overweight, and higher C-peptide levels in
children with obesity. Overall, children with overweight and obesity
together had lower pH, pCO, and HCO5  parallel with higher BG
and C-peptide levels than their normal-weight peers.

Frontiers in Endocrinology

C-peptide levels were independent of sex. The pH and HCO;
levels showed minimal differences regarding sex. Together with the
median values in both groups (males and females) and with the
effect sizes we can conclude that these slight differences between
sexes have no clinical impact. Overall, sex has no significant effect
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TABLE 6 Distribution of DKA in the subgroups.

. Overweight

DKA severity (n=91) -

No DKA, % (n) 58.2 (441y) 40.7 (37,) 53.7 (294)
Mild DKA, % (n) 182 (138,) 17.6 (16) 204 (L)
Moderate DKA, % (n) | 12.7 (96,) 143 (13,) 92 (5)
Severe DKA, % (n) | 109 (83) 275 (25,) 16.7 Oup)
No and non-severe 89.1 (675) 72.6 (66) 83.3 (45)
DKA, % (n)

Each subscript letter denotes a subset of BMI categories whose column proportions do not
differ significantly from each other at the 0.05 level.

on parameters at the onset of TIDM. Regarding age, grouping
thresholds were based on the SWEET database; on the other hand,
there are no physiological age thresholds, therefore, analyses based
on age are of limited interpretability.

According to our results, children who are overweight are
exposed to a more severe clinical presentation of TIDM. Weight
loss, as a typical symptom of newly diagnosed T1DM, might
mislead caregivers, considering it a positive factor. In addition, in
the case of overweight and obesity, many associate it with type 2
diabetes mellitus (T2DM) and indicate lifestyle intervention.
Therefore, the diagnosis of TIDM might be delayed. In our
research, children with overweight were diagnosed in a worse
condition (lower pH and HCOj3") than obese children.

Obese children exhibited higher C-peptide levels at the onset of
T1DM, reflecting greater secretory capacity and a higher residual 3-cell
mass. Excess caloric intake promotes adipose tissue remodeling and
macrophage infiltration, triggering inflammatory signaling that impairs
insulin sensitivity. Concurrent lipid accumulation in skeletal muscle
and hepatic insulin resistance further exacerbates metabolic
dysregulation, resulting in compensatory hyperinsulinemia (17-20).
In contrast to their higher insulin secretory capacity and higher residual
B-cell function, children with overweight demonstrated a higher
incidence of DKA at diagnosis of TIDM. Higher residual B-cell
reserve indicates that the autoimmune process responsible for the
development of T1IDM destroyed fewer pancreatic B-cells. At the time
of TIDM diagnosis, elevated insulin levels associated with a more
severe metabolic condition indicate impaired insulin sensitivity, a
process in which chronic obesity-related inflammation is thought to
play a contributory role. Obesity, as mentioned above, means a chronic,
low-grade inflammation. Chronic adipose tissue inflammation,
infiltration, and activation of immune cells are key contributors to
decreased insulin sensitivity. Insulin resistance is a metabolic condition
in which the insulin-sensitive tissues (skeletal muscle, liver, adipose
tissue) become less responsive to insulin action. As a response, B-cells
increase their insulin secretion. Inflammatory mediators influence
insulin signaling pathways, therefore affecting the secretion of insulin
and modulating insulin resistance (21-23).

Obesity and weight management also play an essential role in
the care of TIDM. Obesity alone increases the risk of cardiovascular
morbidity and mortality. Patients with TIDM and subsequent
overweight or obesity have an even higher risk for macro- and
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microvascular complications. Comprehensive care of children with
T1DM should include effective weight management in addition to
optimal glycemic targets (24). Key factors in weight loss are physical
activity and diet. American Diabetes Association (ADA)
recommends 60 minutes of moderate to vigorous intensity aerob
activity daily for children with T1IDM as well as for individuals with
obesity. In terms of diet, there is no consistent guideline for children
with TIDM and subsequent obesity. Following a Mediterranean
diet (low glycemic index carbohydrates and low carbohydrate
intake) might be helpful in optimal daily caloric intake according
to ADA. On the other hand, children and adolescents with T1IDM
should not follow extreme carbohydrate-restricted diets (resulting
in insufficient carbohydrate intake) due to the risk of DKA or
hypoglycemia (25). Glucagon-like peptide-1 (GLP-1) receptor
analogues are safe and effective in children with T2DM and obese
children as well. To date, limited literature on pharmacological
treatment with GLP-1 analogues in children with TIDM is
available. Currently, no GLP-1 analogue is approved for children
with T1DM and subsequent obesity (26, 27).

Our study has an impact on everyday clinical practice. In
children with overweight, in case of significant or sudden weight
loss can draw our attention or might be a red flag. In these cases,
especially in a child with a previous unsuccessful weight loss history,
detailed medical history and questioning are needed, as TIDM can
be an underlying cause. Without a thorough medical history,
overweight children may progress earlier into a more severe
condition. With detailed anamnesis, severe DKA and a life-
threatening condition might be avoided.

Strengths

Our study represents data from a large cohort of TIDM
children from the same center. Standardized clinical care and
laboratory measurements were consistently provided to all
children. To define overweight and obesity, we used the
international WHO criteria. The latest ISPAD guideline
(published in 2022) was used to categorize DKA in all cases.

Limitations

Anthropometric data before the manifestation of TIDM in
children are not known. As no recent data were available prior to
the diagnosis of TIDM, we were unable to assess the degree of
dehydration at the time of TIDM diagnosis. There is no
measurement method to collect pre-diagnostic anthropometric
data objectively. Although additional factors may influence BMI
by the three-month follow-up, the literature supports that it
correlates well with pre-diagnostic anthropometric parameters
(7). As this measurement represented the first standardized
assessment performed in all patients after TIDM diagnosis, it was
selected for analysis. This supports our method using post-onset
BMI Z-scores. As a retrospective study, missing values occurred in
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the recorded parameters, as shown in the related tables. Statistically
significant differences associated with a lower effect size (except C-
peptide comparisons). Age cannot be added properly to the
statistical methods as a “confounder” because the age group
thresholds are not sharply separated physiologically (like sex).
Our study does not examine the additional factors that may have
contributed to the development of DKA (28).

Conclusion

In children with overweight and obesity, TIDM can develop as well.
Children who were overweight or obese three months after TIDM
diagnosis had lower pH, pCO, and HCOj5' levels at the manifestation of
T1DM. Children with overweight had higher C-peptide levels than
normal-weight children. Higher C-peptide levels indicate higher insulin
secretory capacity in children with overweight. This implies that TIDM
manifests at an earlier phase, with a higher risk of DKA in children with
overweight. This supports the hypothesis that obesity-related chronic
inflammation contributes to decreased insulin sensitivity. Our findings
support everyday clinical practice: when an overweight child presents
with substantial weight loss, a comprehensive medical history is
warranted, as TIDM may be an underlying cause. In case of weight
loss in obese and overweight children, more attention should be paid to
the classical symptoms of TIDM to diagnose it and prevent DKA.
Severe DKA and a life-threatening condition might be avoided.

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions: The raw data supporting the conclusions of
this article will be made available by the authors, without undue
reservation. Requests to access these datasets should be directed to
Eszter Muzslay, muzslay.eszter@semmelweis.hu.

Ethics statement

The studies involving humans were approved by Prof. Andras
Arato, Pediatric Center, Semmelweis University for the studies
involving humans. The studies were conducted in accordance with
the local legislation and institutional requirements. Written informed
consent for participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the national
legislation and institutional requirements.

Author contributions

EM: Project administration, Investigation, Data curation, Software,
Methodology, Visualization, Resources, Conceptualization, Validation,
Writing - original draft, Funding acquisition, Formal analysis,
Supervision. VH: Investigation, Data curation, Writing - review &
editing, Validation, Conceptualization, Methodology, Supervision. RP:

Frontiers in Endocrinology

10.3389/fendo.2025.1740046

Writing - review & editing, Investigation. VF: Writing — review &
editing, Investigation. DS: Investigation, Writing — review & editing. JT:
Writing - review & editing, Methodology, Software. PT: Validation,
Data curation, Resources, Writing — review & editing, Supervision,
Conceptualization, Methodology, Project administration. AL: Resources,
Supervision, Visualization, Formal analysis, Project administration,
Software, Funding acquisition, Data curation, Methodology,
Conceptualization, Investigation, Validation, Writing — review & editing.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Acknowledgments

We would like to acknowledge the help of our colleagues: Anna
Korner, MD, DSc; Laszlo Madacsy, MD, DSc; Laszlo Derzbach,
MD, PhD; Erzsébet Hrapka, MD; Eszter Vilagos, MD.

Conflict of interest

The authors declared that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2025.1740046/
full#supplementary-material

frontiersin.org


mailto:muzslay.eszter@semmelweis.hu
https://www.frontiersin.org/articles/10.3389/fendo.2025.1740046/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2025.1740046/full#supplementary-material
https://doi.org/10.3389/fendo.2025.1740046
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Muzslay et al.

References

1. Mobasseri M, Shirmohammadi M, Amiri T, Vahed N, Hosseini Fard H,
Ghojazadeh M. Prevalence and incidence of type 1 diabetes in the world: a
systematic review and meta-analysis. Health Promotion Perspectives. (2020) 10:98-
115. doi: 10.34172/hpp.2020.18

2. Haller MJ, Bell KJ, Besser RE], Casteels K, Couper JJ, Craig ME, et al. ISPAD
clinical practice consensus guidelines 2024: screening, staging, and strategies to
preserve beta-cell function in children and adolescents with type 1 diabetes. Horm
Res Pediatr. (2024) 97:529-45. doi: 10.1159/000543035

3. Norris JM, Johnson RK, Stene LC. Type 1 diabetes—early life origins and
changing epidemiology. Lancet Diabetes Endocrinol. (2020) 8:226-38. doi: 10.1016/
$2213-8587(19)30412-7

4. Libman I, Haynes A, Lyons S, Pradeep P, Rwagasor E, Tung JY, et al. ISPAD
Clinical Practice Consensus Guidelines 2022: Definition, epidemiology, and
classification of diabetes in children and adolescents. Pediatr Diabetes. (2022)
23:1160-74. doi: 10.1111/pedi.13454

5. Vilarrasa N, San Jose P, Rubio MA, Lecube A. Obesity in patients with type 1
diabetes: links, risks and management challenges. Diabetes Metab Syndr Obes. (2021)
14:2807-27. doi: 10.2147/DMSO.S223618

6. Richardson TG, Crouch DJM, Power GM, Morales-Berstein F, Hazelwood E,
Fang S, et al. Childhood body size directly increases type 1 diabetes risk based on a
lifecourse Mendelian randomization approach. Nat Commun. (2022) 13:2337.
doi: 10.1038/541467-022-29932-y

7. Andrén Aronsson C, Tamura R, Vehik K, Uusitalo U, Yang J, Haller MJ, et al.
Dietary intake and body mass index influence the risk of islet autoimmunity in
genetically at-risk children: A mediation analysis using the TEDDY cohort. Pediatr
Diabetes. (2023) 2023:1-11. doi: 10.1155/2023/3945064

8. Hummel S, Rosenberger S, Von Dem Berge T, Besser RE], Casteels K, Hommel A,
et al. Early-childhood body mass index and its association with the COVID-19
pandemic, containment measures and islet autoimmunity in children with increased
risk for type 1 diabetes. Diabetologia. (2024). doi: 10.1007/s00125-023-06079-z

9. Kueh MTW, Chew NWS, Al-Ozairi E, le Roux CW. The emergence of obesity in
type 1 diabetes. Int ] Obes (Lond). (2024) 48:289-301. doi: 10.1038/s41366-023-01429-8

10. Verbeeten KC, Elks CE, Daneman D, Ong KK. Association between childhood
obesity and subsequent Type 1 diabetes: a systematic review and meta-analysis.
Diabetes Med. (2011) 28:10-8. doi: 10.1111/j.1464-5491.2010.03160.x

11. WHO. Report on the fifth round of data collection, 2018-2020: WHO European
Childhood Obesity Surveillance Initiative (COSI) Vol. 2022. Copenhagen: WHO
Regional Office for Europe (2022). Licence: CC BY-NC-SA 3.0 IGO.

12. Maffeis C, Birkebaek NH, Konstantinova M, Schwandt A, Vazeou A, Casteels K,
et al. Prevalence of underweight, overweight, and obesity in children and adolescents
with type 1 diabetes: Data from the international SWEET registry. Pediatr Diabetes.
(2018) 19:1211-20. doi: 10.1111/pedi.12730

13. Glaser N, Fritsch M, Priyambada L, Rewers A, Cherubini V, Estrada S, et al.
ISPAD clinical practice consensus guidelines 2022: Diabetic ketoacidosis and

Frontiers in Endocrinology

09

10.3389/fendo.2025.1740046

hyperglycemic hyperosmolar state. Pediatr Diabetes. (2022) 23:835-56. doi: 10.1111/
pedi.13406

14. Joubert K, Darvay S, Gyenis G, Eltetd O, Mag K, van’t Hof M, et al. Az orszagos
longitudinalis gyermeknivekedes vizsgalat eredmenyei sziiletestol 18 eves korig. Kozponti
Statisztikai Hivatal, Népességtudomanyi kutatointézet (2006).

15. Joubert K, Gyenis Gy. The Hungarian Longitudinal Growth Study: From birth to
the age of 18 years. Hungarian Demographic Research Institute (2016).

16. Hungele RR A, Holl RW, Witsch M, Klee K, Koller N, Danne T. SWEET-
Benchmarking, Center: 10214-HU, Semmelweis University, Data analysis based on
SWEETBASE datapool focused on: 01/01/2023 - 31/12/2023, Starting year of the
analysis: 2010. (2023).

17. Xu H, Barnes GT, Yang Q, Tan G, Yang D, Chou C]J, et al. Chronic inflammation
in fat plays a crucial role in the development of obesity-related insulin resistance. J Clin
Invest. (2003) 112:1821-30. doi: 10.1172/JCI200319451

18. Suren Garg S, Kushwaha K, Dubey R, Gupta J. Association between obesity,
inflammation and insulin resistance: Insights into signaling pathways and therapeutic
interventions. Diabetes Res Clin Pract. (2023) 200:110691. doi: 10.1016/
j.diabres.2023.110691

19. Li H, Meng Y, He S, Tan X, Zhang Y, Zhang X, et al. Macrophages, chronic
inflammation, and insulin resistance. Cells. (2022) 11. doi: 10.3390/cells11193001

20. Vishvanath L, Gupta RK. Contribution of adipogenesis to healthy adipose tissue
expansion in obesity. J Clin Invest. (2019) 129:4022-31. doi: 10.1172/JCI129191

21. Lee YS, Olefsky J. Chronic tissue inflammation and metabolic disease. Genes
Dev. (2021) 35:307-28. doi: 10.1101/gad.346312.120

22. Xu S, Lu F, Gao ], Yuan Y. Inflammation-mediated metabolic regulation in
adipose tissue. Obes Rev. (2024) 25. doi: 10.1111/0br.13724

23. Kwiat VR, Reis G, Valera IC, Parvatiyar K, Parvatiyar MS. Autoimmunity as a
sequela to obesity and systemic inflammation. Front Physiol. (2022) 13. doi: 10.3389/
fphys.2022.887702

24. Ciezki S, Kurpiewska E, Bossowski A, Glowinska-Olszewska B. Multi-faceted
influence of obesity on type 1 diabetes in children - from disease pathogenesis to
complications. Front Endocrinol. (2022) 13.

25. Association AD. Children and adolescents: standards of medical care in diabetes
—2021. Diabetes Care. (2021) 44:5S180-S99.

26. Shenker MN, Shalitin S. Use of GLP-1 receptor agonists for the management of
type 1 diabetes: A pediatric perspective. Hormone Res Pediatr. (2024), 1-20.

27. Gourgari E, Huerta-Saenz L, Tonyushkina KN, Rosolowsky ET, Guttmann-
Bauman I. Use of glucagon-like peptide-1 receptor agonists for pediatric patients with
obesity and diabetes: The providers’ perspectives. Pediatr Diabetes. (2021) 22:872-5.
doi: 10.1111/pedi.13234

28. Foti Randazzese S, La Rocca M, Bombaci B, Di Pisa A, Giliberto E, Inturri T, et al.
Severe diabetic ketoacidosis in children with type 1 diabetes: ongoing challenges in care.
Children (Basel). (2025) 12. doi: 10.3390/children12010110

frontiersin.org


https://doi.org/10.34172/hpp.2020.18
https://doi.org/10.1159/000543035
https://doi.org/10.1016/S2213-8587(19)30412-7
https://doi.org/10.1016/S2213-8587(19)30412-7
https://doi.org/10.1111/pedi.13454
https://doi.org/10.2147/DMSO.S223618
https://doi.org/10.1038/s41467-022-29932-y
https://doi.org/10.1155/2023/3945064
https://doi.org/10.1007/s00125-023-06079-z
https://doi.org/10.1038/s41366-023-01429-8
https://doi.org/10.1111/j.1464-5491.2010.03160.x
https://doi.org/10.1111/pedi.12730
https://doi.org/10.1111/pedi.13406
https://doi.org/10.1111/pedi.13406
https://doi.org/10.1172/JCI200319451
https://doi.org/10.1016/j.diabres.2023.110691
https://doi.org/10.1016/j.diabres.2023.110691
https://doi.org/10.3390/cells11193001
https://doi.org/10.1172/JCI129191
https://doi.org/10.1101/gad.346312.120
https://doi.org/10.1111/obr.13724
https://doi.org/10.3389/fphys.2022.887702
https://doi.org/10.3389/fphys.2022.887702
https://doi.org/10.1111/pedi.13234
https://doi.org/10.3390/children12010110
https://doi.org/10.3389/fendo.2025.1740046
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Overweight worsens the metabolic presentation of type 1 diabetes mellitus in children
	Introduction
	Materials and methods
	Study setting and data collection
	Recorded parameters and methodology
	Anthropometric data
	Statistical analysis

	Results
	Demographics
	Subgroup analysis
	Subgroup analysis between two groups
	Subgroup analysis between the three groups
	DKA severity

	Discussion
	Strengths
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


