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Abstract

Background: Type 1 diabetes (T1D) incidence is rising at 3-5% per year. Autoantibody
(AAB) screening identifies at-risk children pre-symptomatically, yet the clinical significance
of single AAB positivity and its short-term trajectory remain incompletely characterized.
Methods: Five T1D-associated AABs (anti-GAD®65, anti-IA2, anti-ZnT8, ICA, IAA) were
measured in 210 Bulgarian children (160 with first-degree T1D relatives, 50 controls). Seven
single-A AB-positive children received lifestyle counseling (low-glycemic-index diet, physi-
cal activity > 60 min/day) and were reassessed at 3 or 6 months with repeat AAB panels,
HbA/, blood glucose and C-peptide. Results: Anti-GAD65 was the most frequent single
AAB (n = 3), followed by anti-ZnT8 (n = 2), anti-IA2 (n = 1) and IAA (n = 1). None de-
veloped a second AAB or metabolic abnormalities. Titer dynamics were heterogeneous:
two children showed apparent seroreversion (in one, substantially confounded by concur-
rent immunosuppressive therapy for an unrelated condition), one showed a ~15-fold titer
reduction while remaining seropositive, one showed a minimal titer decrease, and three
displayed mildly increasing titers. None progressed to multiple autoantibody positivity,
and all maintained normal metabolic profiles. Conclusions: Favorable short-term outcomes
were observed during follow-up of children with single autoantibody positivity. These
findings suggest that single AAB positivity may follow a non-progressive course in some
children. However, this study design cannot distinguish the contribution of lifestyle coun-
seling from natural variability. Prospective controlled studies with larger cohorts, HLA
stratification and longer follow-up are needed to determine whether lifestyle interventions
can independently alter autoantibody dynamics and delay T1D progression.

Keywords: type 1 diabetes; autoantibodies; single autoantibody positivity; apparent
seroreversion; autoantibody dynamics; pediatric screening; lifestyle counseling; case series

1. Introduction

Type 1 diabetes (T1D) is the most common form of diabetes in children and adolescents,
with a global incidence rising at 3-5% per annum and over 1.1 million affected children
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worldwide [1-4]. Unlike type 2 diabetes, T1D has a distinct autoimmune pathogenesis
driven predominantly by CD8+ T cell-mediated destruction of pancreatic 3-cells, with
islet autoantibodies (AABs) serving as the earliest detectable serological markers of this
process [5,6].

Specific AABs detectable in T1D include anti-glutamic acid decarboxylase 65 (anti-
GADG65), anti-insulinoma-associated antigen 2 (anti-IA2), anti-zinc transporter 8 (anti-
ZnT8), islet cell autoantibodies (ICA) and insulin autoantibodies (IAA). Based on autoanti-
body status and glycemic profile, T1D is classified into four stages: Stage 1 (multiple AABs,
normoglycemia, asymptomatic), Stage 2 (multiple AABs, dysglycemia, asymptomatic),
Stage 3 (clinical diabetes with AABs) and Stage 4 (long-standing T1D) [7,8]. This staging
framework reflects that T1D is a chronic autoimmune process beginning years before
clinical onset, which allows pre-symptomatic detection and early intervention (Figure 1).
Single autoantibody positivity does not fulfill the immunological criteria for Stage 1, which
requires two or more islet autoantibodies [7,8]. Nevertheless, single-AAB-positive children
represent an at-risk population warranting longitudinal surveillance.
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Figure 1. Stages of type 1 diabetes mellitus (T1D) and schematic representation of functional pancre-
atic 3-cell mass decline over time. (A) Autoantibody titer dynamics (% of positivity threshold) across
disease stages. Stage 0 represents the period before multiple autoantibody (AAB) formation, during
which genetic susceptibility (HLA-DR/DQ), environmental and infectious factors trigger the immune
response. The “Single AAB Positivity” stage precedes Stage 1 and denotes isolated seroconversion,
with the green-bordered area indicating the potential window for reversion and intervention. Stage 1
is asymptomatic with normoglycemia and >2 AABs. Stage 2 is asymptomatic with >2 AABs and
dysglycemia. Stage 3 is characterized by fulfillment of diagnostic criteria for diabetes, presence of
AABs and clinical symptoms. Stage 4 is long-standing T1D. The horizontal dashed line indicates the
positivity threshold (100%). Colored curves represent individual autoantibody trajectories: GADA
(red solid line), IA-2A (blue dashed line), ZnT8A (purple dash-dot line) and IAA (orange dotted line);
(B) Progressive decline of functional pancreatic 3-cell mass (% of normal) over the course of disease
progression. The black solid line represents the estimated residual 3-cell mass at each stage, with
annotated percentages indicating the approximate remaining functional capacity (>80% at Stages 0-1,
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Screening Panel
(GADA, 1A-2A,
ZnT8A, 1AA)

40-60% lost at Stage 2, <20% at Stage 3, <10% requiring insulin at clinical diagnosis, and <5% in
long-standing T1D) The rightward arrow on the x-axis indicates the direction of disease progression
over time. In childhood, T1D often presents with diabetic ketoacidosis (DKA)—a life-threatening
acute complication. Population-based AAB screening programs—such as the Frlda study in Germany
(>200,000 children screened) [9,10]—have demonstrated that pre-symptomatic detection leads to
lower HbA;. at Stage 3 onset, higher C-peptide concentrations, and substantially reduced DKA
frequency [11].

According to ISPAD guidelines [7,8], single-AAB-positive children under 3 years
should be monitored every 6 months (for 3 years, then annually for 3 more years), while
children over 3 years are monitored annually for 3 years. Monitoring includes AAB levels,
HbA. and random blood glucose; multiple AABs require an oral glucose tolerance test
(OGTT) and more frequent follow-up (Figure 2).

Every 6 months x 3 years,

Age = 3 years >
then yearly x 3 years
Age > 3 years > Yearly x 3 years
Stage 1 age <3 years: every 3 months
Normo;l cemia age 3-9 years: every 6 months
! age 29 years: every 12 months
&
=
—+ =2 AABs Positive ——» OGTT
"6%
o

Stage 2 age <18 years: every 3 months
Dysglycemia age >18 years: every 6 months

Figure 2. Recommendations for clinical management of single or multiple AAB positivity during T1D
screening according to ISPAD. For single AAB positivity, monitoring includes AAB levels, glycated
hemoglobin (HbA;.) and random blood glucose. For multiple AABs, monitoring includes HbA;,
random blood glucose and, if possible, continuous glucose monitoring.

The 10-year cumulative risk for T1D with a single AAB is 14.5% (95% CI 10.3-18.7%),
rising to 69.7% (95% CI 65.1-74.3%) with multiple AABs [12]. However, single-AAB posi-
tivity is not a uniform risk category: TrialNet data show that single IA-2A positivity carries
a 5-year Stage 3 risk of 50.9%, versus 12.0% for GADA and 9.6% for IAA [13]—differences
that matter for clinical risk assessment.

Reversion from single AAB positivity to seronegativity is a recognized phenomenon.
In the TEDDY study, reversion occurred in 24% of children with single AAB positivity;
85% of these reversions occurred within 2 years of seroconversion. Children who reverted
had a substantially lower post-reversion T1D risk (0.14 per 100 person-years) compared
with those who remained persistently single AAB positive (1.8 per 100 person-years) [14].

Despite growing evidence on T1D staging and population-based screening, limited
data are available on single-AAB-positive children. First, the natural history of single
autoantibody positivity is not well defined, with limited prospective data on factors de-
termining whether positivity is transient or persistent. Second, although the accelerator
hypothesis [15] suggests a role for lifestyle factors in early-stage autoimmunity, prospective
data on their impact on autoantibody dynamics in single-A AB-positive children are lacking.
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Third, real-world data from Eastern European populations, where T1D screening programs
are still in their early stages, are virtually absent from the international literature.

In Bulgaria, between April 2024 and February 2026, selective screening for T1D-
associated AABs was conducted in 210 children: 160 with first-degree relatives with T1D
and 50 controls without family history. Seven children with single AAB positivity were
identified [16]. This case series aims to characterize the serological profiles and short-term
clinical trajectories of these seven children following early detection and structured lifestyle
counseling, and to describe autoantibody dynamics during short-term follow-up in this
understudied population.

2. Materials and Methods

We conducted this study at the Clinic for Pediatric Endocrinology, Diabetes and
Metabolic Diseases, University Children’s Hospital “Prof. Ivan Mitev,” Sofia, Bulgaria.
Between April 2024 and February 2026, we screened 210 children for T1D-associated
autoantibodies: 160 with at least one first-degree relative with T1D and 50 controls without
a family history. Seven children (4.4% of the high-risk group) tested positive for a single
islet autoantibody and comprise the present case series. No additional selection criteria
were applied; these seven patients represent all single-A AB-positive children identified
during the screening period.

The design and population-level results of this screening program have been reported
previously [16]; that publication presented only cross-sectional autoantibody prevalence
data. The present study provides an independent longitudinal analysis of individual
patient trajectories, serial autoantibody measurements, metabolic follow-up, and lifestyle
intervention outcomes, none of which were included in the original report.

Venous blood samples were collected by standard phlebotomy into serum separa-
tor tubes. After centrifugation, serum was aliquoted to prevent repeated freeze—thaw
cycles and stored at —80 °C until analysis. All five T1D-associated autoantibodies (anti-
GADEG65, anti-IA2, anti-ZnT8, ICA, IAA) were measured simultaneously in the Laboratory
of Clinical Immunology at University Hospital “St. Ivan Rilski,” Sofia, using chemilumines-
cent immunoassay (CLIA) on the MAGLUMI X3 platform (Snibe Diagnostics, Shenzhen,
China). The inter-assay coefficients of variation (CV) were less than 15% for all analytes
throughout the study period. The manufacturer-recommended positivity thresholds were:
anti-GAD65 > 17 IU/mL, anti-IA2 > 28 IU/mL, IAA > 20 IU/mL, ICA > 28 U/mL, and
anti-ZnT8 > 10 AU/mL.

Positive autoantibody results were determined from a single sample. We did not
repeat sampling or confirm results with alternative assays, which we acknowledge as a
limitation of this study. Both baseline and follow-up measurements were performed on the
same MAGLUMI X3 instrument (SNIBE Co., Ltd., Shenzhen, China) using identical assay
kits and, where possible, the same reagent lots to ensure analytical comparability between
time points.

Apparent seroreversion was defined as a decline from above the positivity cut-off at
baseline to below that threshold at follow-up, confirmed on the same analytical platform
under identical assay conditions. We recognize that a single follow-up measurement does
not confirm durable reversion; we use the term descriptively.

2.1. Case Presentations

All seven patients received structured lifestyle counseling at the time of initial result
disclosure. Patients N1 and N4 were reassessed at 3 months; all others at 6 months. Patient
N1 (age 1.0 year) was seen earlier because of a strong family history and the clinical
significance of early-onset autoantibody positivity. Patient N4 was reassessed at 3 months

https://doi.org/10.3390/1ife16091500


https://doi.org/10.3390/life16091500

Life 2026, 16, 1500

50f13

due to intercurrent autoimmune encephalitis and Drug Reaction with Eosinophilia and
Systemic Symptoms (DRESS) syndrome, necessitating immunosuppressive therapy that
could independently alter AAB dynamics. The remaining five patients were reassessed at
6 months in accordance with the study protocol, which adopted this follow-up interval
to maximize data collection within the available funding period. This 6-month interval is
more frequent than the annual reassessment schedule recommended by ISPAD for single-
AAB-positive children over 3 years of age [7,8], providing additional data points within the
study period.

Dietary recommendations included strict avoidance of granulated sugar, white bread,
and other high-glycemic-index foods, with emphasis on complex carbohydrates, vegetables
and fiber-rich foods. Regular physical activity of at least 60 min per day was also encour-
aged. These recommendations were communicated verbally to parents and reinforced
during follow-up visits. Adherence was monitored through parental self-report, although
no validated assessment instrument was employed. Supplementary Table S1 provides
individual details on metabolic parameters and follow-up outcomes.

Among the seven children with a single positive autoantibody (AAB), three were
male (42.9%), and four were female (57.1%), with ages ranging from 1.0 to 15.3 years. All
participants had a first-degree relative with T1D. Individual clinical and serological profiles
are presented in Table 1 and described below.

Table 1. Demographic and clinical characteristics of the seven patients.

. BMI Family History Autoimmune
Patient Age (Years) Gender Z-Score of T1D Comorbidities
N1 1.0 Female +1.79 Yes (sister) No
N2 5.9 Female -0.1 Yes (father) No
N3 4.8 Male -0.7 Yes (brother) No
N4 132 Female 113 Yes (mother) Yes (autoimmune

encephalitis)
N5 9.0 Male +1.0 Yes (sister) No
N6 15.3 Female +1.7 Yes (mother) No
N7 6.1 Male —-29 Yes (father) No

Case no. 1: Female, aged 1.0 year, BMI Z-score +1.79 (overweight). First-degree relative
with T1D (sister); mother with Hashimoto’s thyroiditis. No autoimmune comorbidities.
Single positive AAB: anti-GAD65 (29.50 IU/mL).

Case no. 2: Female, aged 5 years 11 months, BMI Z-score —0.1 (normal weight).
First-degree relative with T1D (father). No autoimmune comorbidities identified. Single
positive AAB: anti-ZnT8 (14.8 AU/mL).

Case no. 3: Male, aged 4 years 10 months, BMI Z-score —0.7 (normal weight). First-
degree relative with T1D (brother). No known allergies or autoimmune conditions. Single
positive AAB: anti-IA2 (56.90 U/mL).

Case no. 4: Female, aged 13 years 2 months, BMI Z-score +1.3 (overweight). First-
degree relative with T1D (mother). Significant autoimmune comorbidity: autoimmune
encephalitis, treated with intravenous immunoglobulin (IVIG, 2 g/kg for 5 days) and pulse
methylprednisolone (1 g daily for 5 days). Between baseline and follow-up screening,
developed DRESS syndrome, necessitating additional pulse methylprednisolone (500 mg
i.v. daily for 3 days), intravenous corticosteroid (1 mg/kg daily) and IVIG (2 g/kg). Single
positive AAB: anti-GAD65 (153.00 IU/mL).

Case no. 5: Male, aged 9 years, BMI Z-score +1.0 (upper-normal). First-degree relative
with T1D (sister); mother with Hashimoto’s thyroiditis. No celiac disease or thyroid
autoimmunity. Single positive AAB: anti-GAD65 (124.00 IU/mL).
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Case no. 6: Female, aged 15 years 4 months, BMI Z-score +1.7 (overweight). Mother
with T1D. No autoimmune comorbidities. Single positive AAB: IAA (49.60 IU/mL).

Case no. 7: Male, aged 6 years 1 month, BMI Z-score —2.9 (underweight). First-degree
relative with T1D (father); mother with Hashimoto’s thyroiditis. Normal thyroid function;
celiac disease excluded. Single positive AAB: anti-ZnT8 (347.0 AU/mL).

Serological results are presented in Table 2. The most common positive AAB was
anti-GADG65, detected in three of the seven patients (42.9%). Anti-ZnT8 was the second
most frequent, present in two children (28.6%). Anti-IA2 and IAA were positive in patients
N3 and N6, respectively. ICA were negative in all patients.

Table 2. Initial serological results of the seven patients with a single positive AAB. Positive values
(exceeding the assay-specific positivity cutoff) are shown in bold.

Patient Anti-GAD65 Anti-IA2 TIAA ICA Anti-ZnT8
[pos.>17.00 IU/mL] [pos.>28.00 IU/mL] [pos.>20.00 IU/mL] [pos.>28.00 U/mL] [pos.>10.00 AU/mL]
N1 29.50 IU/mL 2.00U/mL 4.04 IU/mL 6.69 U/mL 1.00 AU/mL
N2 0.68 IU/mL 2.00 U/mL 9.61 IU/mL 3.26 U/mL 14.8 AU/mL
N3 3.69 IU/mL 56.90 U/mL 4.54 TU/mL 14.1U/mL 1.00 AU/mL
N4 153.00 IU/mL 2.00U/mL 8.40 IU/mL 19.80 U/mL 1.00 AU/mL
N5 124.00 IU/mL 2.00U/mL 8.38 IU/mL 1240 U/mL 1.00 AU/mL
N6 3.67 IU/mL 2.00 U/mL 49.60 IU/mL 3.73U/mL 1.00 AU/mL
N7 298 IU/mL 2.00 U/mL 8.611U/mL 534U/mL 347.0 AU/mL
2.2. Follow-Up Assessments and Clinical Outcomes
Follow-up assessments comprised measurements of autoantibody levels, glycated
hemoglobin, blood glucose, C-peptide, and body mass index (BMI). Individual metabolic
and anthropometric follow-up data are provided in Supplementary Table S1. Serological
follow-up data are presented in Table 3.
Table 3. Follow-up serological data of the patients (3 or 6 months after the initial screening). Positive
values are shown in bold. Arrows indicate direction of change relative to baseline. In the Outcome
column, bold text highlights clinically favorable serological changes, including a decline below the
positivity cutoff or a substantial decrease in autoantibody levels.
Patient Anti-GAD65 Anti-IA2 1AA ICA Anti-ZnT8 Outcome Follow-Up
[pos.>17.00IU/mL]  [pos.>28.00IU/mL]  [pos.>20.00IU/mL]  [pos.>28.00 U/mL]  [pos.>10.00 AU/mL]
N1 2.00 4.04 6.69 1.00 Below cutoff 3 months
N2 2.00 428 11.52 11.6) g’gc‘;g;‘:el 6 months
N3 67.27 4.86 20.00 1.00 Persistent 6 months
N4* 2.00 4.36 6.84 1.00 Below cutoff 3 months
N5 2.00 7.78 11.60 1.00 Persistent 6 months
N6 2.00 52.8071 4.52 1.00 Persistent 6 months
N7 2.00 7.41 425 22,90, Decreased (15x), still 0y,

positive

* N4: concurrent immunosuppressive therapy (see Section 3.6).

No patients developed a second positive AAB during follow-up, and all maintained
normal HbA, blood glucose and C-peptide levels, indicating no metabolic progression. A
decline below the positivity cutoff was observed in one patient (N1; anti-GAD65: 29.50 to
2.18 IU/mL). Patient N4 also showed a titer decline below the cutoff (anti-GAD65: 153.00 to
13.00 IU/mL); however, this outcome was confounded by concurrent immunosuppressive
therapy with high-dose immunoglobulin and corticosteroids for autoimmune encephalitis
and DRESS syndrome, and therefore cannot be attributed to lifestyle modification.

Among anti-ZnT8-positive patients, N7 showed a 15-fold reduction in antibody levels
(347.00 to 22.90 AU/mL). Nevertheless, the follow-up value remained above the positivity
threshold (>10.00 AU/mL), indicating persistent seropositivity despite the quantitative de-
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cline. Patient N2 showed only a minimal decrease. Three patients showed mildly increasing
titers while maintaining normal metabolic profiles: N3 (anti-IA2: 56.90 to 67.20 U/mL), N5
(anti-GAD65: 124.00 to 139.00 IU/mL), and N6 (IAA: 49.60 to 52.80 IU/mL). The intra-assay
coefficient of variation for the MAGLUMI platform is less than 10%, and the observed
changes in these three patients (+18%, +12%, and +6%, respectively) are near or within
this range, suggesting that these minor fluctuations may reflect analytical variability rather
than true immunological change (Figure 3).

B Initial

mmm Follow-up (3-6 months)

anti-GAD65

anti-ZnT8

anti-GAD65 anti-GAD65
|

— L

anti-IA2

anti-ZnT8

Patient 1 Patient 2 Patient 3 Patient 4* Patient 5 Patient 6 Patient 7

Positive autoantibody
* Patient 4 under immunosuppressive therapy.
Figure 3. Relative concentrations of the positive pancreatic islet autoantibody in each patient at
baseline (blue) and at follow-up (orange). Patients 1 and 4 were reassessed at 3 months, whereas
all other patients—at 6 months. Autoantibody concentrations were normalized to assay-specific
positivity cut-offs (anti-GAD65 > 17.00 IU/mL; anti-IA2 > 28.00 U/mL; IAA > 20.00 IU/mL; anti-
ZnT8 > 10.00 AU/mL) and expressed as a percentage of the respective threshold. The horizontal
dashed line indicates the 100% clinical cutoff; values above it indicate positive AAB levels.

None of the children with rising titers developed a second AAB or showed glycemic
deterioration during the short observation period. However, a follow-up duration of
3 to 6 months is insufficient to determine whether these fluctuations predict eventual
progression. Extended surveillance over 2 to 3 years is required before drawing definitive
conclusions about prognostic significance.

3. Discussion
3.1. Serological Characterization and Risk Stratification

Anti-GADG65 was the most frequent single autoantibody (1 = 3), consistent with TEDDY
data, which identify GADA as a dominant early marker of islet autoimmunity [17,18]. Anti-
ZnT8 was the second most prevalent (n = 2), found exclusively in pre-pubertal children.
ZnT8A seroconversion occurs later than other islet autoantibodies—at a median of approx-
imately 3—4 years in BABYDIAB [19] and 4-5 years in TEDDY [17], generally appearing
after initial seroconversion to IAA, GADA or IA-2A. Our two ZnT8A-positive patients
(N2, age 5.9; N7, age 6.1) are close to but slightly above this expected window, consistent
with age-dependent expression patterns reported by Couper et al. [20]. Both exhibited
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low-to-moderate titers (N2: 14.80 AU/mL; N7: 347.00 AU/mL), which reflects the known
variability in ZnT8A levels during early seroconversion. The ZnT8A assay used in this
study (MAGLUMI CLIA) has shown excellent concordance with ELISA (Cohen’s k = 0.94,
97.1% overall agreement) in an independent method comparison [21]. Confirmatory elec-
trochemiluminescence (ECL) testing substantially improves the positive predictive value
for islet autoantibody detection [22,23]. Our observation of divergent ZnT8A dynamics
(N7: 15-fold titer reduction; N2: minimal decrease) aligns with Wenzlau et al.’s demon-
stration of marked inter-individual heterogeneity in ZnT8A decline kinetics (half-lives:
26-530 weeks) [24].

3.2. Contextual Interpretation of Autoantibody Dynamics

The observed titer trajectories in our cohort (Section 2.2), including apparent serore-
versions and declines, are consistent with TEDDY data, which indicate that 24% of children
positive for a single autoantibody revert to seronegativity, primarily within two years, and
subsequently exhibit a markedly reduced risk of T1D (0.14 vs. 1.8 per 100 person-years) [14].
Autoantibody transience, defined as a single positive result followed by persistent negativ-
ity [25], is well established in early childhood. In the DIPP study, 49.3% of IAA-positive
children reverted to negativity, with inverse seroconversion associated with a prolonged
delay to diagnosis [18]. Similarly, Colman et al. reported transient islet autoimmunity in
14% of at-risk infants [26]. Longitudinal modeling demonstrates that titer trajectory has
prognostic significance [27]. In a large cohort study, children with a single autoantibody that
later reverted to negative had the lowest risk of progression, with a 5-year type 1 diabetes
risk of only 1.6% [28]. However, baseline autoantibody positivity in the present cohort
was determined from a single measurement on one analytical platform without orthogonal
assay confirmation. Some uncertainty therefore remains regarding the interpretation of
apparent seroreversion events, and confirmatory testing by an independent methodology
would strengthen future analyses.

The divergent anti-GAD65 trajectories observed in patient N4 (153.00 to 13.00 IU/mL,
influenced by immunosuppressive therapy) and N5 (124.00 to 139.00 IU/mL, persistently
seropositive) exemplify the heterogeneity of single autoantibody dynamics. Elevated
GADA titers predict progression to multiple autoantibodies [29], supporting the need for
ongoing surveillance of patient N5.

3.3. Lifestyle Modification: Rationale and Evidence

The theoretical basis for this intervention rests upon the accelerator hypothesis, which
posits that insulin resistance acts as an independent accelerator of 3-cell destruction in ge-
netically susceptible individuals, whereby excess adiposity amplifies 3-cell stress, antigen
shedding and autoimmune activation [15,30]. Several cohort studies support the prediction
that heavier children develop T1D earlier [31-33], and Meah et al. reported modestly in-
creased diabetes risk with higher BMI percentile among 1310 single-A AB-positive TrialNet
participants [34].

Baseline BMI Z-score data from our cohort span a wide range (Table 1). Three of seven
patients (N1: +1.79, N4: +1.30, N6: +1.70) had BMI Z-scores in the overweight range, while
N5 (+1.0) was at the upper limit of normal, and N2 (—0.1), N3 (—0.7), and N7 (—2.9) were
normal or underweight. The presence of single-AAB positivity across the full BMI spectrum
is consistent with genetic risk being the primary driver of islet autoimmunity, regardless of
body weight [15,30], while metabolic stress may contribute as a cofactor in some but not all
cases, supporting an individualized approach to lifestyle recommendations.

Neither insulin resistance nor direct immunological parameters were measured in
this cohort. The accelerator hypothesis is presented here solely as biological background
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to contextualize the lifestyle recommendations; it does not represent a demonstrated
mechanism in our study.

A low-glycemic-index diet was recommended to reduce postprandial glucose ex-
cursions and (-cell secretory burden, based on evidence that such diets improve insulin
sensitivity in obese children (homeostatic model assessment for insulin resistance (HOMA-
IR) reduction, p = 0.007) [35]. Prospective data from the ABIS birth cohort (n = 16,415)
indicate that high physical activity in early childhood reduces T1D incidence by approx-
imately 50-58% [36], and additional studies confirm that regular moderate-to-vigorous
physical activity improves insulin sensitivity in youth with or at risk for T1D [37-40].
However, no randomized trial has yet tested whether dietary or activity interventions can
alter autoantibody titers in genetically at-risk children.

When individual autoantibody trajectories are compared against baseline BMI, no
consistent pattern emerges. Among overweight patients, N1 showed a complete decline
below the positivity cutoff (29.50 — 2.18 IU/mL), and N4 also declined below the cutoff
(confounded by immunosuppressive therapy), whereas N6 (IAA: 49.60 — 52.80 IU/mL)
showed a modest rise despite elevated BMI (+1.70). This suggests that adiposity alone
does not determine serological outcomes. Patient N7 (BMI Z-score —2.9), the leanest in
the cohort, showed the largest absolute titer reduction (347.00 — 22.90 AU/mL), further
supporting that BMI does not linearly predict serological outcome.

These data provide a biological rationale for potential benefits of dietary and activity
changes but serve as theoretical background only. The absence of a control group, the
small sample size and the lack of objective adherence measures prevent causal conclusions.
Whether the autoantibody changes observed in this cohort reflect a lifestyle effect or natural
fluctuation remains undetermined.

3.4. Implications for Longitudinal Monitoring of Single-Autoantibody-Positive Children

In our series, outcomes ranged from apparent seroreversion (N1, N4), through substan-
tial titer reduction (N7) and minimal decrease (N2), to persistent or mildly rising titers (N3,
N5, N6). Five of seven patients remained seropositive at follow-up. A single measurement
is insufficient for risk stratification. Prospective monitoring allows earlier recognition and
milder presentation at diagnosis [11].

ISPAD 2024 recommends continued periodic reassessment of single-A AB-positive
children [8]. Our data support this approach. Residual T1D risk persists even after apparent
seroreversion [14], and optimal monitoring intervals remain undefined.

3.5. Emerging Disease-Modifying Therapies and C-Peptide Preservation

Teplizumab recently received approval for delaying Stage 2 to Stage 3 progression
in individuals with multiple autoantibodies [41]. Our single-A AB-positive patients are
not currently eligible. Nonetheless, early identification through structured monitoring
preserves the option for timely intervention should they progress to Stage 2.

3.6. Immunosuppressive Therapy and Autoantibody Decline: The Case of Patient N4

Patient N4 received high-dose immunoglobulin and corticosteroid therapy for
autoimmune encephalitis and DRESS syndrome. The observed anti-GAD65 decline
(153.00 — 13.00 IU/mL) cannot be attributed solely to lifestyle modification, which compli-
cates interpretation of AAB dynamics in the setting of immunomodulatory treatment.

3.7. Strengths and Limitations

This study is among the few detailed case-level reports of single-A AB-positive children
from Eastern Europe. Strengths include a complete five-autoantibody panel at baseline
and follow-up, longitudinal paired measurements that enabling trajectory assessment,
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and detailed clinical phenotyping. The study examines the natural history of single-AAB
positivity identified through targeted familial screening.

Several limitations should be acknowledged. First, the small sample size (n = 7) of
this descriptive case series precludes statistical inference and generalizability. Second,
the follow-up period was limited to 3-6 months; extended surveillance is necessary to
assess the durability of AAB reversion and to identify late progressors. This constraint
is attributable to the funding timeline, which ended at the 6-month post-screening point.
Third, the lack of a control group prevents causal attribution. The short follow-up period
and the absence of a control group preclude conclusions about the independent effect of
lifestyle modification. In addition, patient N4’s concurrent immunosuppressive therapy
constitutes a significant confounding variable. Adherence to lifestyle recommendations was
evaluated solely through parental self-report without a validated instrument, restricting
the ability to quantify its independent effect or to distinguish it from natural autoantibody
fluctuation. The absence of HLA typing impedes genetic risk stratification. Finally, reliance
on a single analytical platform (MAGLUMI) without confirmatory testing by an alternative
methodology (such as ELISA or ECL) limits interpretability.

4. Conclusions

Seven Bulgarian children with single autoantibody positivity identified through fa-
milial screening were monitored over six months. Autoantibody trajectories were het-
erogeneous: two children showed apparent seroreversion, one (N7) had a substantial
(~15-fold) titer reduction while remaining above the positivity threshold, one (N2) showed
a minimal decrease, and three (N3, N5, N6) had persistent or mildly increasing titers. In
one case (N4), the titer decline was strongly confounded by concurrent high-dose corticos-
teroid and immunoglobulin therapy for autoimmune encephalitis and DRESS syndrome.
None of the children progressed to multiple autoantibody positivity. Anti-GAD65 was the
predominant autoantibody. These results confirm that a single serological assessment is
insufficient for risk stratification; periodic reassessment is recommended for all children
with single autoantibody positivity. Familial screening combined with lifestyle counseling
is a feasible approach for early immune surveillance in settings with limited access to
disease-modifying therapies. However, the short follow-up period and the absence of a
control group preclude conclusions about the independent effect of lifestyle modification,
and prospective controlled studies with larger cohorts are needed to address this question.
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BMI body mass index
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DRESS drug reaction with eosinophilia and systemic symptoms
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HOMA-IR homeostatic model assessment for insulin resistance
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