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Antithyroid immune status
in different phenotypes of autoimmune diabetes

Autoimmune diabetes is a spectrum of heteroge-
neous diseases united by the presence of autoim-
mune damage to pancreatic -cells [1]. This spectrum
includes, in addition to the classical type 1 diabetes
mellitus (T1DM), with rapid destruction of p-cells and
absolute insulin deficiency, latent forms such as latent
autoimmune diabetes in adults (LADA) and latent
autoimmune diabetes of the youth (LADY) [2, 3I.
These phenotypes have significant differences. Classi-
cal TIDM usually debuts in childhood or adolescence,
is characterized by acute clinical manifestations, often
with ketoacidosis, high titers of autoantibodies (anti-
GAD, anti-lA-2, ZnT8) and rapid development of insulin
requirements [4].

LADA occurs in adults (usually after 30 years), has
a slower course, the presence of autoantibodies (main-
ly anti-GAD), and does not initially require insulin [5].
LADY occupies an intermediate position, debuting
at a young age (16—29 years), combining signs of
autoimmunity (often high titers and multiplicity of
antibodies) with relatively preserved p-cell function at
the beginning, which allows for the postponement of
insulin therapy [6, 7].

An important aspect of the diagnosis and classifica-
tion of these phenotypes is the presence of concomi-
tant autoimmune diseases, which is considered as an
additional diagnostic criterion, especially for LADA and
LADY [8]. The most frequent companion of autoimmune
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diabetes is autoimmune pathology of the thyroid gland,
in particular autoimmune thyroiditis (AIT) [9]. The pres-
ence of antithyroid antibodies (anti-TPO, anti-Tg) and the
development of hypothyroidism not only worsen meta-
bolic control in diabetes, but also serve as a marker of
the general autoimmune alertness of the organism [10].

However, most studies are devoted to classical
T1DM, while the features of antithyroid immunity in
patients with LADA and LADY remain poorly under-
stood. Clarifying this aspect may be of key importance
for understanding the pathogenesis of autoimmune
diabetes heterogeneity and improving approaches to
the diagnosis and management of comorbidities.

Objective to determine the features of antithyroid
immunity in patients with different phenotypes of
autoimmune diabetes (classical TIDM, LADA, LADY)
and to establish its relationship with parameters of
carbohydrate metabolism, B-cell function, vitamin D
status and anthropometric indicators.

MATERIALS AND METHODS

Study design and characteristics of groups. A total
of 106 patients with autoimmune diabetes were exam-
ined, who were divided into three groups: group 1—
40 patients with classical T1DM; group 2—36 patients
with LADA; group 3—30 patients with LADY.

Diagnosis of autoimmune diabetes phenotypes was
carried out according to current consensus [2]. The
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diagnosis of LADY was established on the basis of a set
of clinical and laboratory data: age of onset from 16 to
29 years, positivity of autoantibodies to -cells (GAD65,
IA-2, ZnT8), C-peptide level at the lower limit of normal
or moderately reduced, which allowed maintaining
glycemic control without immediate prescription of
insulin therapy.

All patients underwent standard clinical and labora-
tory examination monitoring, which included determi-
nation of anthropometric indicators (height, weight,
body mass index (BMI), waist circumference (WCQ))
with calculation of waist circumference to height ratio
(WHtR), carbohydrate metabolism (fasting glycemia
by glucose oxidase method, glycated hemoglobin
(HbA1c) by high-performance liquid chromatography
method), assessment of B-cell function (serum insulin,
C-peptide by immunochemiluminescence method)
with calculation of insulin resistance index HOMA-IR,
enzyme-linked immunosorbent assay (ELISA) deter-
mination of autoantibody levels (anti-GAD, anti-1A-2),
assessment of antithyroid immunity and thyroid-stim-
ulating hormone (TSH) by immunochemiluminescence
method), as well as determination of 25(0OH)D level in
serum to assess vitamin D status by immunochemilu-
minescence method.

Statistical data processing was performed using
Statistica 13.3 (StatSoft Inc.) and Microsoft Excel 2016.
Quantitative data that did not obey normal distribution

(Shapiro-Wilk test) were presented as median (Me) and
interquartile range [Q25-Q75]. For comparison of inde-
pendent samples, the nonparametric Mann-Whitney
U-test was used. Qualitative analysis was performed
using Fisher’s exact test. To assess correlations with
non-normal distribution, the Spearman rank correla-
tion coefficient (r) was used. The difference was consid-
ered statistically significant at p < 0.05.

The study was approved by the Bioethics Commis-
sion of the Bukovinian State Medical University (pro-
tocol No. 2 dated 17.10.2019). All patients provided
informed written consent to participate in the study.

RESULTS

Clinical and metabolic characteristics of the groups.
The baseline characteristics of the examined groups
are presented in Table 1.

The age of manifestation of DM in patients with LADA
was significantly higher than in classical TIDM and LADY
(p=0.000). The duration of the underlying disease in
patients with TIDM was 2.7 times longer than in LADA
and twice as long as in patients with LADY.

The BMI of the TIDM and LADY groups was in the
normal body weight category, while in LADA it cor-
responded to overweight. WHtR was also significantly
higher in the LADA group compared to T1IDM and
LADY (p =0.000), indicating more pronounced abdomi-
nal obesity in this group. Fasting plasma glucose and

Table 1

Baseline characteristics of the examined groups of patients with autoimmune diabetes mellitus
Indicator Classical T1DM (n =40) LADA (n=36) LADY (n=30)
Age, years 36.00 [27.00; 42.50] 49.00 [46.00; 55.00]* 29.00 [25.00; 31.00]**#
Age at diabetes onset, years 19.00 [13.50; 27.00] 41.00 [37.00; 45.50]* 20.00 [19.00; 23.00]#
Diabetes duration, years 15.00 [8.00; 21.00] 6.00 [3.00; 10.50]* 8.00 [6.00; 11.00]*
Women 18 (45 %) 20 (55.6 %) 17 (56.7 %)
BMI, kg/m? 21.88[21.00; 24.97] 26.61 [24.99; 29.21]* 24.16 [22.86; 26.30]**#*

Waist/hip ratio

0.45[0.43; 0.51]

0.53 [0.49; 0.55]*

0.45 [0.40; 0.48]*

Fasting plasma glucose, mmol/L

9.56 [8.08; 10.37]

9.37 [8.44; 10.78]

9.97[8.32;10.32]

HbA1c, %

8.85[8.62; 9.38]

8.63 [7.55;9.17]

8.50 [7.20; 9.40]

C-peptide, ng/mL

0.10[0.10; 0.15]

0.60 [0.39; 0.84]*

0.62 [0.29; 0.82]*

Insulin, pU/mL = 9.48 [8.30; 10.60] (n=16) 8.01[3.72;11.95] (n=16)
HOMA-IR index - 3.88[3.37;4.64] (n=16) 3.11[1.65;5.17] (n=16)
anti-GAD, U/mL 351.75[323.65; 417.18] 171.50 [95.50; 214.20]* 270.00 [252.00; 282.00]*#
25(0OH)D, ng/mL 19.06 [17.65; 20.48] 18.85[16.21; 23.13] 19.08 [15.03; 26.30]

Note. The difference from the classical TIDM is statistically significant: * p <0.001; ** p <0.01.
The difference from the LADA is statistically significant to: # p < 0.001; # p < 0.01.
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HbA1c levels did not differ significantly between the
groups. The content of C-peptide in patients with
T1IDM was 6 times lower than in LADA and LADY
(p=0.000). Anti-GAD titers were the highest in patients
with classical TIDM. 25(OH)D level in patients of all
groups corresponded to the deficiency category and
did not differ significantly.

Antithyroid immunity status. The results of the study
of antithyroid antibodies and thyroid function are
given in the Table 2.

Positive antibodies to TPO were recorded most often
in patients with LADY (36.7 %), least often in LADA
(27.8 %). Positive anti-Tg were detected with a similar,
but lower frequency. The combination of two types
of antithyroid autoantibodies was recorded in 20.0 %
of patients with LADY, 17.5 % with classical TIDM and
13.9 % of patients with LADA.

The TSH level in patients with classical TIDM was the
lowest among the study groups — 32.8 % lower than the
LADA group and 18.1% lower than in LADY (p=0.03).
The percentage of patients with subclinical hypothyroid-
ism was the highest in the LADA group (13.9 %), slightly
lower in LADY (10.0 %) and the lowest in individuals with
classical TIDM (7.5%). Manifested hypothyroidism was
recorded with a similar frequency in classical TIDM (5 %)
and LADA (5.6 %), and least often in LADY (3.3 %).

Correlation analysis. To identify relationships
between antithyroid immunity indicators and other
parameters, a correlation analysis was conducted sepa-
rately for each group.

In TIDM group direct correlations of medium
strength were found between the level of TSH and
the age of the patients (r=0.328; p <0.05), the age of
manifestation of DM (r=0.342; p < 0.05), BMI (r=0.416;

p <0.05). A negative correlation of medium strength
was found between the level of 25(0OH)D and HbA1c
(r=-0.318; p < 0.05).

In LADA patients direct correlations of medium
strength were found between the titer of anti-TPO
and the level of HbA1c (r=0.543; p <0.05). Negative
correlations were found between the level of 25(0OH)D
and WHIR (r=-0.352; p < 0.05), anti-Tg titer (r =-0.359;
p <0.05), as well as HbA1c (r=-0.318; p < 0.05).

The most numerous and strong correlations were reg-
istered in the LADY group. Inverse correlations of medium
and strong strength were found between the level of
25(0OH)D and BMI (r=-0.437; p <0.05), WHtR (r=-0.421;
p <0.05), fasting glycemia (r=-0.436; p <0.05), HbAlc
(r=-0.487; p <0.05), HOMA-IR index (r=-0.583; p < 0.05).
A direct correlation was also found between the level
of TSH and the age of manifestation of DM (r=0.563;
p < 0.05) as well as WHtR (r=0.398; p < 0.05).

DISCUSSION

The results of our study confirm the hypothesis of
phenotypic specificity not only of the course of auto-
immune diabetes, but also of concomitant autoim-
mune damage to the thyroid gland. The data obtained
demonstrate that the state of antithyroid immunity
significantly depends on the clinical variant of autoim-
mune diabetes, which is important for the diagnosis
and management of this patients.

The highest frequency of anti-TPO, the marker of
greatest clinical significance in AIT, was found in the
LADY group (36.7 %). This fact may indicate a more
intense general autoimmune process in this category
of patients, which is also confirmed by our data on
a higher frequency of multiple diabetes-associated

Indicators of antithyroid immunity and thyroid function in patients with different types of autoimmune diabecii)/e ’
Indicator Classical T1IDM (n =40) LADA (n=36) LADY (n=30) P
Anti-GAD positive 39(97.5%) 31 (86.1 %) 28 (93.3 %) 0.150
Anti-lA-2 positive 19 (47.5 %) 10 (27.8 %) 14 (46.7 %) 0.110
Anti-TPO positive 13 (32.5%) 10 (27.8 %) 11 (36.7 %) 0.040
Anti-Tg positive 9 (22.5 %) (19.4 %) 7 (23.3%) 0.120
Anti-TPO + anti-Tg 7 (17.5 %) (13.9%) 6 (20.0 %) 0.020
TSH, mIU/L 1.76 [1.32; 2.82] 2.62[1.88;3.99] 2.15[1.67;3.39] 0.030
Subclinical hypothyroidism 3(7.5%) (13.9%) 3(10%) 0.250
Manifested hypothyroidism 2 (5%) 2 (5.6 %) 1(3.3%) 0.850

Note. Anti-TPO — anti-thyroid peroxidase, anti-Tg — anti-thyroglobulin antibodies.
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antibodies compared to LADA. This is consistent with
the data of other authors, who indicate a more aggres-
sive autoimmune component in LADY compared to
LADA [6, 11]. Thus, the presence of antithyroid anti-
bodies, especially in young patients with diabetes,
may serve as an additional argument in favor of the
diagnosis of LADY.

It is interesting that, despite the lowest frequency
of anti-TPO detection in LADA (27.8%), the highest
frequency of subclinical hypothyroidism (13.9%) was
observed in this group. This may be explained by the
peculiarities of the metabolic status of patients with
LADA, in which, unlike TIDM and LADY, are more likely
to have signs of metabolic syndrome, in particular over-
weight and abdominal obesity (confirmed by the high-
est BMI and WHtR). It is known that insulin resistance
and dyslipidemia can contribute to the progression of
subclinical hypothyroidism to the manifest form regard-
less of antibody titers [12—14]. Our data on higher
BMI, WHtR and the presence of insulin resistance in the
LADA group confirm this hypothesis. The identified cor-
relations were also phenotype-specific. For example, in
LADA, a strong positive correlation was found between
the anti-TPO titer and the HbA1c level, which may indi-
cate a relationship between the activity of the autoim-
mune process against the thyroid gland and the dete-
rioration of glycemic control, possibly due to the effect
on the general pro-inflammatory status [15—17]. At
the same time, in the LADY group, the most significant
were the strong negative correlations between the level
of vitamin D and glycemia as well as insulin resistance,
which emphasizes the potential role of vitamin D defi-
ciency in modulating both metabolic disorders and, pos-
sibly, autoimmune aggressiveness in this age group [18].

Vitamin D deficiency, which was found in all groups,
is a common predictor of the development of both
autoimmune diabetes and autoimmune thyroid pathol-
ogy [19, 20]. In patients with autoimmune diabetes, it
is associated not only with worsening glycemic control,
but also with increased anxiety and depression [21,
22]. However, the nature of its interaction with clinical
parameters, as shown by our study, differs depend-
ing on the autoimmune diabetes phenotype, which
requires further study.

Thus, the study proves the existence of significant
phenotypic differences in the state of antithyroid
immunity in autoimmune diabetes, which is mani-
fested by the highest frequency of anti-TPO carriage
in LADY, the highest frequency of subclinical hypothy-
roidism in LADA and the phenotype-specific nature

correlations between markers of autoimmunity, meta-
bolic control and vitamin D status, which necessitates
a differentiated approach to screening and manage-
ment of such patients.

CONCLUSIONS

The state of antithyroid immunity differs significant-
ly depending on the phenotype of autoimmune diabe-
tes, which confirms the heterogeneity of the autoim-
mune process in these conditions and emphasizes the
importance of assessing antithyroid antibodies as an
additional criterion in differentiating phenotypes.

Patients with LADY are characterized by the highest
frequency of carriers of antibodies to TPO (36.7 %) and
their combination with anti-Tg (20.0 %), which indicates
a high level of general autoimmune alertness in this
group. Patients with LADA are characterized by the high-
est frequency of subclinical hypothyroidism (13.9 %)
with a relatively lower frequency of antibodies, which
may be associated with the influence of metabolic fac-
tors (overweight, abdominal obesity, insulin resistance).

The relationship between antithyroid immunity indi-
ces, glycemic control, vitamin D status and metabolic
parameters is phenotypically specific, which requires an
individual approach to the management of such patients.
Mandatory screening for thyroid pathology (determina-
tion of TSH, anti-TPQ) is indicated for all patients with
autoimmune diabetes, regardless of its phenotype (clas-
sical TIDM, LADA, LADY), and the WHtR may be useful for
assessing metabolic risk, especially in LADA.

Prospects for further research. A prospective study
of the dynamics of antithyroid immunity in patients
with different autoimmune diabetes phenotypes is
promising to assess the prognostic significance of the
identified changes, as well as to study the impact of
correcting vitamin D deficiency on the course of both
autoimmune diseases.
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ABSTRACT

Autoimmune diabetes is a heterogeneous disease
that includes several phenotypes, such as classical type 1
diabetes mellitus (TTDM), latent autoimmune diabetes
in adults (LADA) and latent autoimmune diabetes in the
youth (LADY).The presence of concomitant autoimmune
diseases, in particular thyroid pathologies, is one of the
key criteria for their differentiation and diagnosis.

Objective — to determine the features of antithyroid
immunity in patients with different phenotypes of
autoimmune diabetes and its relationship with clinical
and metabolic parameters.

Materials and methods. 106 patients with
autoimmune diabetes were examined: 40 with classical
T1DM, 36 with LADA and 30 with LADY. All patients
were tested for antithyroid antibodies (anti-TPO,
anti-Tg), thyroid-stimulating hormone (TSH), diabetes-
associated antibodies (anti-GAD, anti-IA-2), C-peptide,
HbA1c, vitamin D, and anthropometric parameters
(BMI, waist-to-height ratio).
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Results. The frequency of anti-TPO detection was
highestinthe LADY group (36.7 %), intermediate inT1DM
(32.5%) and lowest in LADA (27.8 %). The coexistence
of anti-TPO and anti-Tg antibodies was observed in
20.0%, 17.5% and 13.9% of cases, respectively. The
highest frequency of subclinical hypothyroidism was
found in LADA (13.9%). Several phenotype-specific
correlations were identified, in particular, a strong
negative correlation between vitamin D and HbA1c in
LADY (r=-0.487; p <0.05).

Conclusions. The status of antithyroid immunity
differs significantly depending on the autoimmune
diabetes phenotype. LADY is associated with the
highest frequency of anti-TPO carriage, indicating
a more intense general autoimmune process. In LADA,
subclinical hypothyroidism is more frequent, possibly
related to metabolic factors. Screening for thyroid
pathology should be considered in all patients with
autoimmune diabetes.

Keywords: autoimmune diabetes, type 1 diabetes
mellitus, latent autoimmune diabetes in adults,
latent autoimmune diabetes in the youth, antithyroid
antibodies, hypothyroidism, vitamin D.
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3YepHigeybka 06/10CHA KAiHIYHA JTIKAPHA
ABTOIMYHHUI AiabeT (All) € reTeporeHHMM 3axBo-
PIOBAHHAM, LLO OXOMJIE Kinbka ¢peHoTUMiB, 30Kpema
KnacnuyHuii uykposui giabet (L) 1 Tvny, nateHTHUR

Jama Haoxo0xeHHa 0o pedakyii 19.09.2025 p.
Jama peuersysarHa 11.11.2025 p.
Jama nidnucanHa cmammi 0o Opyky 24.11.2025 p.

ALl popocnnx TALL) i nateHTHMA AL monogi (TAOM).
HaaBHICTb cynyTHiX aBTOIMYHHMX 3aXBOPIOBaHb, 30Kpe-
Ma NaTonoril WUTONOAIGHOT 3a1031, € OOHUM i3 K0Yo-
BMX KpUTepIiB iXHbOT AndepeHLiauii Ta fiarHOCTNKMN.

Meta — BMBYMTU OCOGNMBOCTI aHTUTUPEOIZHOrO
iMyHiTETYy B MauieHTiB i3 pisHMMu deHoTvnamu ALl Ta
MNOro B3aEMO3B'A30K i3 KNiHIKO-MeTaboniyHuMn napa-
MeTpamu.

Martepianu Ta metoaun. O6cTexkeHo 106 MauieHTIB
3 All: 40 i3 knacnunum UA 1 Tmny, 36 i3 JIAQL Ta 30
i3 JIAOM. Y Bcix nmaui€eHTiB BM3Hauyanu PiBHI aHTUTK-
peoigHux aHTuTIn (anti-TPO, anti-Tg), TMpeoTponHoro
ropMoHa, giabeTt-acouinoBaHmx aHTuTIN (anti-GAD, anti-
IA-2), C-nentuay, HbA1c, BitamiHy D, aHTponomeTpuryHi
MOKa3HMKM (IHAeKC Macu Tina, cnieeigHoOLWeEHHA obBoay
Tanii Ta 3pocTy).

Pe3synbraTu. YacTtoTa BuABneHHs anti-TPO 6yna Haii-
suwoto B rpyni JIAOM (36,7 %), npomixHoto npu L1
1 Tuny (32,5%) Ta HanHwxkuyow npu JIAOL (27,8 %).
KombiHauito anti-TPO # anti-Tg 3apeectpysanu B 20,0,
17,5 Ta 13,9 % Bunagkis BignoBigHO. HanBuLa Yacto-
Ta cybkniHiyHoOro rinotupeo3y BuasneHa npu JIAQL
(13,9%). YctaHOBNEHO uMCNeHHi ¢eHoTUNoBo-creun-
biuHi KopenAuinHi 38'A3KK, 30KpeMa CUbHY HeraTuB-
Hy Kopensuito mix BiTamiHom D 1a HbA1c npu JTAOM
(r=-0,487; p<0,05).

BucHoBKW. CTaH aHTUTUPEOIQHOIO iIMYHITETY CYTTEBO
Bilpi3HAETbCA 3anexHo Big peHoTnny ALl JIAQM acoui-
I0ETbCA 3 HANBULLO YacTOTOW HocincTea anti-TPO, wo
BKa3Ye€ Ha iIHTEHCUBHILIWI 3aranbHWiA aBTOIMYHHWIA NPO-
uec. Mpu JIAQL yacTiwmin cy6KAiHiYHUA FinOTUPEO3,
MOXJINBO, MOB'3aHUN i3 METAabONMIYHUMIN YNHHUKAMWU.
CKpWHIHI naTonorii WwnuTonogibHoi 3an03n nokasaHui
ycim nauieHTam 3 ALl

KniouoBi cnoBa: aBTOIMyHHUI AiabeT, naTeHTHUN
aBTOIMYHHUI giabeT [OpPOCAUX, NATEHTHUNA aBTO-
iMyHHWUIA piabeT monogi, aHTUTUPeOoIAHI aHTUTINA, rino-
TMpeos, BiTamiH D.
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