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Abstract

Latent autoimmune diabetes in adults is a form of diabetes that progresses slowly and is controlled
by diet and oral glucose-lowering medications before insulin is required. The aim of the present
study was to evaluate the prevalence of latent autoimmune diabetes in adults. The present study
was conducted based on PRISMA 2020-27-item checklist. To find the studies conducted in line
with the purpose of the study, PubMed, Web of Science, Scopus, Science Direct, Web of
Knowledge, EBSCO, Wiley, ISI, Elsevier, Embase databases and Google Scholar search engine
were reviewed from 2013 to August 2023. Meta-analysis was performed using effect size with
95% confidence interval. Data analysis was done using STATA/MP. v17 software. The present
study was carried out based on the PRISMA 2020 27-point checklist. To find out which studies
were carried out in accordance with the purpose of the study, from 2013 to August, the databases
PubMed, Web of Science, Scopus, Science Direct, Web of Knowledge, EBSCO, Wiley, ISI,
Elsevier, Embase and the search engine Google Scholar reviewed 2023. Meta-analysis was
performed using effect size with 95% confidence interval. Data analysis was carried out using
STATA/MP. v17 software. The overall prevalence of Latent autoimmune diabetes of adults was
found to be 7% (95%CI 0-20). Subgroup analysis of Latent autoimmune diabetes of adults in the
context of geographic regions showed a higher prevalence in North America (15%) and South
East Asia (12%). Since the identification of Latent autoimmune diabetes of adult patients with
other forms of diabetes is misdiagnosed due to the combination of phenotypic features with T1D
and T2D, studying its prevalence is of great importance.
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ccording to the International Diabetes Federation’s

2019 forecast, By 2035, there will be 578 million
people worldwide who have diabetes, and this trend will
reach 700 million people by 2045.! Type 1 diabetes is a type
of autoimmune disease in which disorders of insulin
secretion occur due to the autoimmune destruction of
insulin-secreting cells.? Many patients with type 1 diabetes
have anti-islet autoantibodies in their peripheral blood.> A
number of diabetic who, in contrast to classic type 1, appear
in adulthood and initially do not require insulin the so-
called, Latent Autoimmune Diabetes of Adults (LADA),
have diabetes-related autoantibodies in their blood serum.*
The difference in autoimmunity compared to islet cells, the
regulation of immune response and the response of -cells
to immune invasion may explain the wide spectrum of
clinical manifestations of type 1 diabetes,’ this ranges from
acute symptoms in children to the absence of insulin
dependence at the time of LADA diagnosis.* In most cases,
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patients with LADA are diagnosed as type 2 by some
doctors.® However, these patients become dependent on
insulin earlier than people with type 2 diabetes. If there is
no proper control of sugar and the onset of symptoms is
caused by lack of adequate treatment, there will be huge
costs to the patient and the country’s healthcare system.’
The diagnostic criteria recommended by the Society of
Diabetes Immunology (2005) for LADA are, 1. Age of
onset in adulthood (<30); 2. Have autoantibodies related to
diabetes; 3. Insulin independence should be maintained for
at least 6 months from the time of diagnosis.® According to
epidemiological reports, approximately 5 to 10 percent of
all diabetes cases are related to LADA.’ Studies have shown
that the incidence of LADA varies significantly in different
regions. So, the prevalence rate is much higher in some
areas and lower in others. Its cause is influenced by genetic
and environmental factors.'%1?

In Asian regions, the prevalence of LADA has been less



Prevalence of latent autoimmune diabetes in adults and insulin resistance
Eur J Transl Myol 34 (3) 12694, 2024 doi: 10.4081/¢jtm.2024.12694

studied compared to Europe and America; According to
studies conducted in Asia, the prevalence of LADA in Asia
is as high as 10%.!*!” Considering that the prevalence rate
is the same as that of type 1 diabetes and the importance of
diagnosing LADA is important, the purpose of this study
was to investigate the overall prevalence of LADA for clin-
ical understanding, as well as the importance of diagnosis,
treatment and examination to determine insulin resistance.

Materials and Methods
Search strategy and information sources

To find related studies, after setting the search keywords,
use both MeSH keywords and search in PubMed, Web of
Science, Scopus, Science Direct, Web of Knowledge,
EBSCO, Wiley, ISI databases, Elsevier, Embase databases
and the Google Scholar search engine were searched. In ad-
dition to the above databases, the sources list of selected
studies as manually searched. All articles from 2013 were
reviewed by the end of August 2023.

To access the articles, MeSH keywords ((“Latent Autoim-
mune Diabetes in Adults”’[Mesh]) OR (“Latent Autoim-
mune Diabetes in Adults/epidemiology’’[Mesh] OR “Latent
Autoimmune Diabetes in Adults/etiology”’[Mesh] OR “La-
tent Autoimmune Diabetes in Adults/genetics”’[Mesh] OR
“Latent Autoimmune Diabetes in Adults/mortality”’[Mesh]))
OR “Diabetes Mellitus, Type 2”[Mesh]) OR “Diabetes
Mellitus, Type 1”[Mesh]) AND (“Prevalence”[Mesh] OR
“Epidemiology”’[Mesh] OR “epidemiology” [Subheading])
or all possible combinations of these words were used.

Study selection criteria

The main criteria for inclusion of articles in the current
study are studies published in English that have investigated
the prevalence of LADA data in diabetics patients; original
research articles; patients diagnosed by fasting blood glu-
cose or oral glucose tolerance test were included in the
study. Exclusion criteria are: low quality articles; reprinted
articles that used information from the same sample; Re-
view articles, letters to the editor, or article suggestions that
do not meet the criteria for definition and testing according
to WHO indicators.

Selection and data collection process

Based on the search strategy and keywords, a list of all ar-
ticles in the mentioned databases was first created. The ar-
ticles and documents obtained from the multi-step search
of title, abstract and all screening text and final studies that
met the inclusion criteria were included in the statistical
community. Then, selected studies were then checked for
quality by two independent reviewers. In addition, if there
were disagreements between the experts at each stage of
selection and evaluation, a third person was consulted and
a joint discussion was held. After the final selection of
studies, the required information includes: first author, year
of publication of the article, age group of patients, diagnos-
tic criteria, type of study population (diabetic or normal
population or clinic and hospital), total sample size, family
history using a table extraction table prepared in an Excel
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software environment was created, was extracted and sum-
marized. Additionally, Endnote X8 resource management
software was used to organize, study, and identify duplicate
titles and abstracts.

Study risk of bias assessment

The quality assessment of prevalence studies was con-
ducted based on the design of Hoy et al.'® Each study was
assessed using a score of 1 (yes) or 0 (no) for a set of 9 ques-
tions, and the overall risk of an individual study was cal-
culated by summing the scores. Studies were classified as
low, medium, or high risk of bias if the score was 0-3, 4-6,
or 9-7, respectively.

Data analysis

Meta-analysis was performed using effect size with 95%
confidence interval. To estimate the heterogeneity of the
studies, the index 1% (<25%: weak heterogeneity, 25-75%:
moderate heterogeneity, and over 75%: high heterogeneity)
was used. The results were combined using the fixed effect
model (Inverse—variance method) in the meta-analysis.
Publication bias was checked using Egger test and Beggs
funnel plot and data analysis was carried out using
STATA/MP. v17 software. A p-value less than 0.05 was
considered significant.

Result

The source search identified 358 articles. 71 articles were
excluded from the study due to duplicates and 203 articles
were excluded from the study after reviewing the title and
abstracts of the articles. After reviewing the full text of 61
articles, 49 articles were excluded from the study and finally
12 articles were included in the meta-analysis. The diagram
for the articles identified and included in the study is shown
in Figure 1.

Study characteristics

By reviewing 12 selected articles, 25,892 patients were
studied, of which 1,218 were estimated to have LADA. The
characteristics of the selected studies are summarized in
Table 1. The age range of diabetics was 30 to 73 years, and
in all studies, LADA patients were screened and identified
according to WHO diagnostic criteria. 456 people had a
family history of diabetes.

Bias assessment

According to the checklist, the studies were classified as
having a low to medium risk of bias; However, some
studies had high and unclear bias when examining the ele-
ments examined. The mean value of the checklist across all
studies was 3/9 criteria.

Prevalence of LADA

The Prevalence of LADA was 7% (ES: 7% 95%CI; 0% to
20%) with low heterogeneity (>=0%; P=1.00) (Figure 2).
According to a sub-group meta-analysis, the prevalence of
LADA was 15% in North America, 5% in the Middle East,
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12% in South east Asia, 5% in Africa and 1% in Europe
with no significant differences between them the groups
(test of group differences: P=0.99) with low heterogeneity
(I>=0%; P=1.00) (Figure 3).

Discussion

According to the present meta-analysis, the prevalence of
LADA in diabetic aged 30 to 73 years is 7%. The prev-
alence of LADA varied in different populations, and the
highest prevalence of LADA was observed in North Amer-
ica and Southeast Asia. In the present study, the prevalence
of LADA cases was estimated to be 0 to 20%; In studies
of this prevalence in patients with type 2 phenotype, it

varies between 6 and 50% in different populations.?” One
of the differences in the results may be the method of pa-
tient selection and entry and exit criteria, which has led to
different results and makes the diagnosis of LADA pa-
tients difficult. The different results may also be due to
methodological differences in the studies. Based on the
study results of the report on the prevalence of LADA in
different populations, it may be due to genetic disorders,
diagnostic criteria, antibody measurement methods and
characteristics of patients, and dietary habits.33> The
impact of family history of diabetes on LADA is not
yet well known. The genetic characteristics of LADA
people include the frequency of some HLA alleles,
such as HLA-DQBI, as in people with type 1 diabetes.*

Identification of studies via databases and registers

Full text (n =61)

v

Included studies
(n=12)

Records identified Records .removed before screening:
= Duplicate records (n = 71)
§ (n =358) . Records marked as ineligible by
= automation tools (n = 14)
s Other reasons (n=9)
L)

Records screened

(n=264) Records excluded
(n=203)
v
g Reports sought for retrieval
'E p U v Reports not retrieved
S (n=0) ’ =0)
(7]
— Reports excluded: (n =49)
—

Figure 1. PRISMA 2020 Checklist.
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Table 1. Summary characteristics of studies.
Study, years Sample Number Sex Family Diagnostic Range
size of LADA historyof criteria of age
diabetes (years)
Male Female  Yes No
Nolasco-Rosales et al., 2023 [19] 377 59 NR NR NR NR NR 30-70
Manisha et al., 2022 [11] 186 8 2 6 3 5 NR 30-70
Al-Zubairi et al., 2021 [20] 270 12 7 5 7 5 NR 30-70
Tam et al., 2020 [10] 324 5 5 0 3 2 NR >30
Gao et al., 2019 [21] 495 141 NR NR 41 100 NR NR
Ghanem et al., 2019 [22] 1515 194 NR NR NR NR NR 35-70
Kumar et al., 2017 [23] 139 9 5 4 4 5 NR 30-70
AL-Hasnawi et al., 2015 [24] 280 34 14 20 21 13 NR 30-73
Maddaloni et al., 2015 [25] 17072 437 212 225 310 127 NR >30
Zhou et al., 2013 [26] 4880 287 178 109 67 220 WHO >30
Roh et al., 2013 [27] 323 17 NR NR NR NR NR
Chandni et al., 2013 [28] 31 15 NR NR NR NR >30

Prevalence Weight

Study with 95% CI (%)
Nolasco-Rosales et al., 2023 —_— 0.15[-0.44, 0.74] 4.92
Manisha et al., 2022 —— 0.05[-0.54, 0.64] 4.92
Al-Zubairi et al., 2021 —_— 0.04[-0.74, 0.82] 2.76
Tam et al., 2020 - 0.01[-0.97, 0.99] 1.77
Gao et al., 2019 —_— 0.28[-0.50, 1.06] 2.76
Ghanem et al., 2019 —_— 0.13[-0.46, 0.72] 4.92
Kumar et al., 2017 —_— 0.06 [-0.53, 0.65] 4.92
AL-Hasnawi et al., 2015 —a— 0.12[-0.27, 0.51] 11.06
Maddaloni et al., 2015 -l 0.03[-0.17, 0.23] 44.24
Zhou et al., 2013 —a— 0.06 [-0.33, 0.45] 11.06
Roh et al., 2013 e 0.05[-0.54, 0.64] 4.92
Chandni et al., 2013 - 0.48[-0.50, 1.46] 1.77
Overall L 4 0.07 [-0.06, 0.20]

Heterogeneity: T = 0.00, I = 0.00%, H* = 1.00
Test of 6; = 6;: Q(11) = 1.31, p = 1.00
Testof 6=0:z=1.09,p=0.28

Random-effects REML model

Figure 2. Forest plot showed prevalence of LADA.
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On the other hand, the results of one study showed that people with LADA and 67% of people with type 2 diabetes
23% of LADA individuals have a family history of type 2 have a family history of diabetes.?*** According to the find-
diabetes.* The results of the studies showed that 75% of ings of the studies, the familial type of diabetes exerts its
Prevalence Weight
Study with 95% CI (%)
North America
Nolasco-Rosales et al., 2023 —_— 0.15[-0.44, 0.74] 4.92
Heterogeneity: 1° = 0.00, I = .%, H* = . e 0.15[-0.44, 0.74]
Testof 8 = 6;: Q(0) =0.00,p =.
Middle East
Al-Zubairi et al., 2021 —_—— 0.04[-0.74, 0.82] 2.76
Ghanem et al., 2019 —_— 0.13[-0.46, 0.72] 4.92
Kumar et al., 2017 —_— 0.06 [-0.53, 0.65] 4.92
AL-Hasnawi et al., 2015 —a— 0.12[-0.27, 0.51] 11.06
Maddaloni et al., 2015 . B 0.03[-0.17, 0.23] 44.24
Heterogeneity: 1° = 0.00, I = 0.00%, H* = 1.00 < 0.05[-0.10, 0.21]
Testof 6 = 6;: Q(4) =0.23, p =0.99
South East Asia
Gao et al., 2019 _—— 0.28[-0.50, 1.06] 2.76
Zhou et al., 2013 —a— 0.06 [-0.33, 0.45] 11.06
Roh et al., 2013 —_— 0.05[-0.54, 0.64] 4.92
Chandni et al., 2013 0.48[-0.50, 1.46] 1.77
Heterogeneity: 1° = 0.00, I = 0.00%, H* = 1.00 <P 0.12[-0.16, 0.41]
Testof 6 =6;: Q(3) =0.82, p=0.84
Africa
Manisha et al., 2022 —_— 0.05[-0.54, 0.64] 4.92
Heterogeneity: 1° = 0.00, I = .%, H" = . e 0.05 [ -0.54, 0.64]
Testof 8 = 6;: Q(0) =0.00,p =.
Europe
Tam et al., 2020 0.01[-0.97, 0.99] 1.77
Heterogeneity: 1° = 0.00, I = .%, H” = . —=T e 0.01[-0.97, 0.99]
Testof 6 =6;: Q(0)=0.00,p=.
Overall ¢ 0.07 [ -0.06, 0.20]
Heterogeneity: 1° = 0.00, I” = 0.00%, H* = 1.00
Testof § = 6; Q(11) = 1.31, p = 1.00
Test of group differences: Q,(4) = 0.26, p = 0.99
1 0 1 2
Random-effects REML model

Figure 3. Forest plot showed subgroup meta-analysis by continent.
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effect by reducing insulin, and this feature of type 2 dia-
betes is one of the common features with LADA. It seems
that more studies with an appropriate and large sample size
should be conducted to investigate the role of family his-
tory of diabetes in the occurrence of LADA and compare
it with type 2 diabetes. One of the characteristics of LADA
people is the initial response to oral medications, and in-
sulin dependence occurs gradually and after some time.
According to the results of the studies, most people with
LADA use oral medications to control blood glucose, but
the amount of C-peptide, which indicates the function of
beta cells, shows that this is reduced in the LADA group
compared to type 2 diabetes and the difference is statisti-
cally significant.?® Despite the low prevalence of LADA,
the lack of an accurate diagnosis and early onset of LADA
can become a serious problem for the individual and his
family and impose high costs on society. Therefore, it is
recommended to examine people aged 30 and over.

Conclusions

In the current study, the prevalence of LADA was found
to be 7%, which varies in different populations; since the
identification of LADA patients with other forms of dia-
betes is misdiagnosed with T1D and T2D due to the com-
bination of phenotypic features, studying their prevalence
is of great importance; identification of this group of pa-
tients is necessary to develop an appropriate treatment ap-
proach that delays the autoimmune process and the
destruction of the remaining beta cells.
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LADA: Latent autoimmune diabetes in adults.
T1D: Type 1 diabetes.

T2D: Type 2 diabetes.

WHO: World Health Organization.

Conflict of interest

The authors declare no potential conflict of interest, and
all authors confirm accuracy.

Ethics approval
Not applicable.

Corresponding Author

Malihe Mohammadi, Department of Biology, Faculty of
Science, University of Sistan and Baluchestan, Zahedan,
Iran.

Tel./Fax: +98 54 33446565.

ORCID ID: 0000-0002-4818-4510

E-mail: mmohammadi@science.usb.ac.ir

References

1. Regufe VM, Pinto CM, Perez PM. Metabolic syndrome
in type 2 diabetic patients: A review of current evidence.
Porto Biomed J 2020;5:¢101.

- 95 -

2. Blagov AV, Summerhill VI, Sukhorukov VN, et al. Type
1 diabetes mellitus: Inflammation, mitophagy, and mi-
tochondrial function. Mitochondrion 2023;72:11-21.

. Kawasaki E. Anti-islet autoantibodies in type 1 diabetes.
Internat J Molecular Sci 2023;24:10012.

. Buzzetti R, Maddaloni E, Gaglia J, et al. Adult-onset
autoimmune diabetes. Nature Rev Dis Primers 2022;
8:63.

. Martin TM, Burke SJ, Wasserfall CH, Collier JJ. Islet
beta-cells and intercellular adhesion molecule-1
(ICAM-1): Integrating immune responses that influence
autoimmunity and graft rejection. Autoimmunity Rev
2023:103414.

. Baliunaite A, Zukaite G, editors. LADA misdiagnosed
as type 2 diabetes mellitus. MedEspera; 2022. Available
from: http://hdl.handle.net/20.500.12710/21241

.Jones AG, McDonald TJ, Shields BM, et al. Latent
autoimmune diabetes of adults (LADA) is likely to rep-
resent a mixed population of autoimmune (type 1) and
nonautoimmune (type 2) diabetes. Diabetes Care
2021;44:1243-51.

.Liu B, Xiang Y, Liu Z, Zhou Z. Past, present and future
of latent autoimmune diabetes in adults. Diabetes/Metab
Res Rev 2020;36:€3205.

.Ramu D, Ramaswamy S, Rao S, Paul SF. The world-
wide prevalence of latent autoimmune diabetes of adults
among adult-onset diabetic individuals: a systematic re-
view and meta-analysis. Endocrine 2023;82:28-41.

10. Tam AA, Ozdemir D, Bestepe N, et al. Low rate of la-

tent autoimmune diabetes in adults (LADA) in patients

followed for type 2 diabetes: A single center’s experi-

ence in Turkey. Arch Endocrinol Metab 2020;64:

584-90.

Manisha AM, Shangali AR, Mfinanga SG, Mbugi EV.

Prevalence and factors associated with latent autoim-

mune diabetes in adults (LADA): a cross-sectional

study. BMC Endocr Dis 2022;22:1-9.

Hernandez M, Novoa-Medina Y, Faner R, et al. Ge-

netics: Is LADA just late onset type 1 diabetes? Front

Endocrinol 2022;13:916698.

Liao Y, Xiang Y, Zhou Z. Diagnostic criteria of latent

autoimmune diabetes in adults (LADA): a review and

reflection. Front Med 2012;6:243-7.

Takeda H, Kawasaki E, Shimizu I, et al. Clinical, auto-

immune, and genetic characteristics of adult-onset dia-

betic patients with GAD autoantibodies in Japan (Ehime

Study). Diabetes Care 2002;25:995-1001.

Hwangbo Y, Kim JT, Kim EK, et al. Prevalence and

clinical characteristics of recently diagnosed type 2 dia-

betes patients with positive anti-glutamic acid decar-
boxylase antibody. DMJ 2012;36:136-43.

Sachan A, Zaidi G, Sahu RP, et al. Low prevalence of

latent autoimmune diabetes in adults in northern India.

Diabetic Med 2015;32:810-3.

Katulanda P, Shine B, Katulanda GW, et al. Diabetes

mellitus among young adults in Sri Lanka—role of

GAD antibodies in classification and treatment: The Sri

Lanka Young Diabetes study. Diabetologia 2008;51:

1368-74.

18. Hoy D, Brooks P, Woolf A, et al. Assessing risk of bias

11.

12.

13.

14.

15.

16.

17.


mailto:mmohammadi@science.usb.ac.ir

Prevalence of latent autoimmune diabetes in adults and insulin resistance
Eur J Transl Myol 34 (3) 12694, 2024 doi: 10.4081/¢jtm.2024.12694

in prevalence studies: modification of an existing tool
and evidence of interrater agreement. J Clin Epidemiol
2012;65:934-9.

19. Nolasco-Rosales GA, Ramirez-Gonzalez D, Rodriguez-
Sanchez E, et al. Identification and phenotypic charac-
terization of patients with LADA in a population of
southeast Mexico. Sci Rep 2023;13:7029.

20. Al-Zubairi T, Al-Habori M, Saif-Ali R. Latent autoim-

mune diabetes in adults (LADA) and its metabolic char-

acteristics among yemeni type 2 diabetes mellitus
patients. Diabetes Metab Syndr Obes 2021;14:4223-32.

Gao X, Sun W, Wang Y, et al. Prevalence of positive

islet autoantibody in type 2 diabetes patients: a cross-

sectional study in a Chinese community. Endocrine

Connections 2019;8:1493-502.

Ghanem Al, Bassyounia AA, Omar GA. Glutamic acid

decarboxylase auto-antibodies prevalence among pa-

tients with type 2 diabetes mellitus and their clinical
characteristics in a sample of the Egyptian population.

J Med Sci Res 2019;2:257.

Kumar A, De Leiva A. Latent autoimmune diabetes in

adults in north Indian region: Assessment of -cell func-

tion, metabolic and immunological features. Metabolic

Syndrome Related Dis 2017;15:494-9.

AL-Hasnawi SMJ, AL-Jiboury SA. Prevalence of La-

tent Autoimmune Diabetes of Adult (LADA) among

Type2 Diabetes Mellitus (D.M.2) in Karbala. Kufa J

Nursing Sci 2015;5:85-93.

Maddaloni E, Lessan N, Al Tikriti A, et al. Latent auto-

immune diabetes in adults in the United Arab Emirates:

clinical features and factors related to insulin-require-
ment. PloS One 2015;10:¢0131837.

26.Zhou Z, Xiang Y, Ji L, et al. Frequency, immunoge-
netics, and clinical characteristics of latent autoimmune
diabetes in China (LADA China Study) a nationwide,
multicenter, clinic-based cross-sectional study. Diabetes
2013;62:543-50.

27.Roh M-O, Jung C-H, Kim B-Y, et al. The prevalence
and characteristics of latent autoimmune diabetes in

21.

22.

23.

24,

25.

- 96 -

adults (LADA) and its relation with chronic complica-
tions in a clinical department of a university hospital in
Korea. Acta Diabetologica 2013;50:129-34.

Chandni R, Paul BJ, Udayabhaskaran V, Ramamoorthy
K. A study of non-obese diabetes mellitus in adults in a
tertiary care hospital in Kerala, India. Internat J Diab
Devel Countries 2013;33:83-5.

Stenstrom G, Gottsater A, Bakhtadze E, et al. Latent
autoimmune diabetes in adults: definition, prevalence,
B-cell function, and treatment. Diabetes 2005;54:
S68-S72.

Kumar A, de Leiva A. Latent autoimmune diabetes in
adults (LADA) in Asian and European populations.
Diab/Metab Res Rev 2017;33:€2890.

Vich-Pérez P, Abanades-Herranz JC, Mora-Navarro G,
et al. Development and validation of a clinical score for
identifying patients with high risk of latent autoimmune
adult diabetes (LADA): The LADA primary care-pro-
tocol study. Plos One 2023;18:e0281657.

Carlsson S. Lifestyle or environmental influences and
their interaction with genetic susceptibility on the risk
of LADA. Front Endocrinol 2022;13:917850.

Hjort R. Interplay between birthweight, family history,
obesity, and genes in the development of latent autoim-
mune diabetes in adults (LADA) and type 2 diabetes:
Karolinska Institutet (Sweden); 2019.

28.

29.

30.

31

32.

33.

Disclaimer

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their af-
filiated 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.

Submitted: 28 May 2024.
Accepted: 16 June 2024.
Early access: 28 August 2024.





