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Abstract

Gestational diabetes mellitus (GDM) is increasingly recognized as a heterogeneous

metabolic disorder comprising pathophysiological phenotypes that differ in their under‐

lying mechanisms, clinical presentation and long-term outcomes. While pregnancy-in‐

duced insulin resistance remains the predominant pathogenic mechanism, a subset of

women develops hyperglycemia largely because of reduced pancreatic β-cell reserve ac‐

companied by islet autoimmunity. This autoimmune phenotype links gestational dia‐

betes with autoimmune diabetes, but its boundaries and clinical significance remain in‐

completely defined. We aimed to review current knowledge of the autoimmune pheno‐

type of GDM, with focus on immune pathophysiological mechanisms, biomarkers, clini‐

cal characteristics and implications for precision medicine, and to distinguish findings

demonstrated directly in GDM from mechanisms extrapolated from type 1 diabetes

(T1D). This narrative review was based on a structured PubMed/MEDLINE search from

database inception through the end of October 2026, supplemented by targeted searches,

manual screening of reference lists, and relevant clinical guidelines and consensus docu‐

ments. Evidence obtained directly in women with GDM was considered alongside se‐

lected mechanistic literature from T1D and adult autoimmune diabetes. In some women

with GDM, islet autoantibodies are associated with impaired β-cell function and an in‐

creased risk of autoimmune diabetes after delivery. The cellular mechanisms underlying

these associations remain insufficiently studied in GDM. Pregnancy may act as a physio‐

logical metabolic stress test that exposes previously compensated β-cell dysfunction as‐

sociated with islet autoimmunity, although its influence on the underlying autoimmune

process remains uncertain. Islet autoantibodies are enriched among women with GDM,

but their frequency varies widely between populations and assays and is lower after de‐

livery than during pregnancy. The number and persistence of antibodies, particularly

when combined with reduced endogenous insulin secretion, carry considerably more

prognostic weight than a single positive result. Cellular immune mechanisms are well

characterized in T1D but remain largely unvalidated in GDM. Recognition of the au‐

toimmune phenotype extends the concept of GDM beyond a purely glucose-based clas‐

sification. It is best viewed as a spectrum ranging from isolated seropositivity to preg‐
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nancy-unmasked autoimmune diabetes rather than as a uniform independent entity. A

phenotype-oriented approach combining clinical features, autoantibody profiles and

measures of β-cell function may facilitate earlier recognition of women at risk and more

individualized follow-up, but universal autoantibody screening and antibody-specific

treatment are not currently supported.

Keywords: gestational diabetes mellitus; autoimmune phenotype; islet autoantibodies;

GADA; β-cell dysfunction; C-peptide; biomarkers; precision medicine

1. Introduction

Gestational diabetes mellitus (GDM) is the most common metabolic disorder of

pregnancy and is associated with adverse outcomes for both mother and fetus. It is de‐

fined as hyperglycemia first recognized during pregnancy that does not meet the criteria

for overt pre-existing diabetes. Resolution after delivery is common but is not part of the

definition, and persistent dysglycemia postpartum requires reclassification [1–6]. This

definition, however, provides a simplified view of the condition. GDM is better regarded

as a heterogeneous syndrome that encompasses several biological phenotypes, each with

different pathogenetic mechanisms, metabolic characteristics and clinical manifestations

[7,8]. Women with GDM differ considerably in insulin sensitivity, endogenous insulin

secretion, genetic predisposition, inflammatory activity and degree of pancreatic β-cell

dysfunction. On the basis of these differences, insulin-resistant, insulin-deficient, mixed

and autoimmune phenotypes have been described. These subgroups are not isolated cat‐

egories but exist on a biological continuum in which several mechanisms often coexist,

while one usually predominates clinically. The autoimmune phenotype is of particular

interest. In this subgroup, hyperglycemia results not only from pregnancy-induced in‐

sulin resistance but also from reduced β-cell reserve associated with islet autoimmunity.

Pregnancy markedly increases insulin requirements, and previously compensated de‐

fects in insulin secretion may therefore become clinically apparent. For this reason, preg‐

nancy has been described as a physiological metabolic stress test capable of revealing la‐

tent autoimmune β-cell dysfunction in genetically predisposed women [9,10].

The autoimmune phenotype shares several biological features with type 1 diabetes

(T1D). It is characterized by circulating autoantibodies against islet cells (ICA), glutamic

acid decarboxylase (GADA), insulinoma-associated antigen-2 (IA-2A), zinc transporter 8

(ZnT8A) and insulin (IAA) [11,12]. These autoantibodies are markers of islet-directed au‐

toimmunity and provide important information about the mechanisms underlying hy‐

perglycemia in pregnancy. Advances in immunology have suggested that alterations in

T-cell subsets, low-grade inflammation, cytokine-mediated β-cell injury and HLA-re‐

lated genetic susceptibility contribute to autoimmune diabetes. Longitudinal studies

have shown that some antibody-positive women with GDM develop T1D or a slower

form of autoimmune diabetes after delivery [9,10,13–15], the autoimmune pathogenesis

of GDM has been reviewed [16], and a recent meta-analysis has pooled the prevalence of

islet autoantibodies in GDM [17].

Recent publications have reviewed the proposed autoimmune pathogenesis of

GDM and progression to T1D [16], and synthesized evidence on islet-autoantibody

prevalence and postpartum diabetes risk [17]. Building on these contributions, the

present review examines pregnancy as a metabolic challenge to β-cell functional reserve

and considers how islet autoimmunity should be interpreted within this framework. Its

emphasis is on the relationship between autoantibody status, functional impairment and

the clinical course, while distinguishing metabolic unmasking from possible modifica‐
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2. Methods

2.1. Review Approach

2.2. Literature Search

tion of the autoimmune process. Isolated seropositivity, an autoimmune phenotype ac‐

companied by impaired β-cell function, and autoimmune diabetes first recognized dur‐

ing pregnancy are therefore considered separately. Evidence obtained directly in women

with GDM is explicitly distinguished from mechanisms extrapolated from T1D and

adult autoimmune diabetes (Table 1). This integrated interpretation provides the basis

for the proposed approach to selective evaluation and postpartum follow-up, while

identifying the evidence needed to validate it.

Table 1. Evidence assessment and interpretation.

Domain Evidence Level in GDM Interpretation

Enrichment of islet 

autoantibodies

Direct; multiple cohorts and 

pooled analysis

Established association; 

frequency varies by 

population and assay

Postpartum progression to 

autoimmune diabetes
Direct, longitudinal

Strongest with persistent or 

multiple antibodies; absolute 

risk varies

Reduced β-cell reserve, 

greater insulin requirement

Direct but heterogeneous, 

observational

Supports impaired secretion 

in a subset; not diagnostic 

alone

HLA class II susceptibility Direct but limited

Consistent with T1D; not 

recommended for routine 

classification

Autoreactive CD4 /CD8  T-

cell destruction

+ +

Strong in T1D; sparse in GDM

Plausible extrapolation, not a 

demonstrated GDM-specific 

pathway

Cytokine-mediated injury 

and β-cell stress

Strong experimental/T1D 

evidence; limited in GDM

Requires pregnancy-specific 

validation

Th17/Treg imbalance
Evidence in T1D; insufficient 

in GDM
Hypothesis-generating

Viral triggers, microbiome, 

vitamin D, environment
Indirect and heterogeneous

Possible modifiers, not 

established causes

MicroRNA, metabolomic, 

proteomic, extracellular-

vesicle signatures

Studied mainly in unselected 

GDM

Exploratory; no validated 

application to the 

autoimmune phenotype

We conducted a narrative review of islet autoimmunity in gestational diabetes mel‐

litus (GDM), with emphasis on autoantibody findings, β-cell function, possible immuno‐

logical mechanisms, and their clinical relevance during and after pregnancy. The struc‐

ture and reporting of the review were informed by the SANRA recommendations for

narrative reviews [18]. As evidence specific to autoimmune manifestations of GDM re‐

mains limited, studies performed directly in women with GDM were considered along‐

side selected literature from type 1 diabetes (T1D) and adult autoimmune diabetes.

Findings derived from these broader populations were used only to support the discus‐

sion of mechanisms or concepts that have not been sufficiently studied in GDM. No

meta-analysis or other quantitative synthesis was undertaken.
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2.3. Study Selection and Interpretation

3. Heterogeneity of Gestational Diabetes Mellitus

The review covers literature published through the end of October 2026.

PubMed/MEDLINE was searched using a combination of MeSH terms and title/abstract

keywords for gestational diabetes, islet autoimmunity and diabetes-associated autoanti‐

bodies. The documented main search strategy was (“Diabetes, Gestational” [Mesh] OR

“gestational diabetes” [tiab] OR “gestational diabetes mellitus” [tiab] OR GDM [tiab])

AND (“Autoantibodies” [Mesh] OR “Autoimmunity” [Mesh] OR autoimmun*[tiab] OR

autoantibod*[tiab] OR “islet antibodies” [tiab] OR “islet cell antibodies” [tiab] OR “islet-

cell antibodies” [tiab] OR GADA [tiab] OR GAD65 [tiab] OR “glutamic acid decarboxy‐

lase antibodies” [tiab] OR “glutamic acid decarboxylase autoantibodies” [tiab] OR IA-2A

[tiab] OR “IA-2 antibodies” [tiab] OR “IA-2 autoantibodies” [tiab] OR ZnT8A [tiab] OR

“zinc transporter 8 antibodies” [tiab] OR “zinc transporter 8 autoantibodies” [tiab] OR

“insulin antibodies” [tiab] OR “insulin autoantibodies” [tiab]). The main search retrieved

473 unique records. No language or publication-type filters were applied at retrieval;

only English-language publications were considered for inclusion. Additional topic-spe‐

cific searches addressed C-peptide and β-cell function, postpartum development of au‐

toimmune diabetes, HLA susceptibility, immune mechanisms, autoantibody assays and

emerging biomarkers. Reference lists of relevant primary studies and reviews were also

screened. Clinical recommendations were informed by relevant guidelines and consen‐

sus documents concerning GDM, autoimmune diabetes and follow-up after pregnancy.

The narrative synthesis cites 44 sources overall, including primary studies, reviews,

methodological publications and clinical guidelines. Fourteen of these cited sources were

also retrieved by the documented main search. The remaining cited sources provide ad‐

ditional clinical, mechanistic, methodological or contextual support. The total number of

cited sources therefore differs from the number retrieved by the main search.

The search strategy and scope of the review were reviewed and agreed upon by the

coauthors. Publications were selected according to their relevance to the review objec‐

tives, with emphasis on evidence obtained directly in women with GDM. Preference was

given to original studies of women with GDM, particularly those relating to islet autoan‐

tibodies, beta-cell function, HLA associations or risk of post-pregnancy diabetes. In addi‐

tion, reviews and meta-analyses were included to give a broader insight into the avail‐

able evidence. When studies specifically involving pregnant women were limited, se‐

lected research on type 1 diabetes (T1D) and autoimmune diabetes in adults was used to

explain possible underlying mechanisms. These findings were clearly distinguished

from evidence obtained directly from women with GDM. New molecular biomarkers

were considered exploratory when their association with an autoimmune phenotype of

GDM had not yet been demonstrated.

The available evidence was summarized and discussed according to the main topics

of the review. Table 1 displays whether findings are based on studies in women with

GDM, evidence from T1D or adult autoimmune diabetes or preliminary research that

needs further investigation.

GDM is a heterogeneous condition in which hyperglycemia may arise from differ‐

ent combinations of insulin resistance and impaired β-cell adaptation. In a small propor‐

tion of women, islet autoimmunity adds a further layer of heterogeneity. Importantly,

the detection of an islet autoantibody does not necessarily indicate clinically significant

autoimmune β-cell disease. Autoantibody status, β-cell functional reserve, and the subse‐

quent clinical course therefore need to be considered separately. Throughout this review,
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we distinguish between islet-autoantibody positivity, an autoimmune phenotype of

GDM, and autoimmune diabetes first recognized during pregnancy. These terms are

used as working concepts rather than as formally established diagnostic categories and

are summarized in Table 2.

Table 2. Autoimmune spectrum in women with GDM.

Term Working Interpretation Important Limitation

Islet-autoantibody-positive 

GDM

GDM with at least one 

diabetes-associated islet 

autoantibody detected during 

pregnancy

Seropositivity alone does not 

establish the rate of β-cell 

loss, permanence of 

autoimmunity or an 

independent disease entity

Autoimmune phenotype of 

GDM

Autoimmunity considered 

clinically relevant because 

antibody findings are 

accompanied by reduced β-

cell reserve or a compatible 

clinical course

No universally accepted 

diagnostic criteria or 

validated thresholds

Pregnancy-unmasked 

autoimmune diabetes

Autoimmune β-cell disease 

probably present before 

conception that became 

clinically apparent because 

pregnancy increased insulin 

demand

Overlaps with adult-onset 

T1D and slowly progressive 

autoimmune diabetes; 

classification unsettled

Predominantly insulin-

resistant GDM

Hyperglycemia dominated by 

pregnancy-induced insulin 

resistance with relative β-cell 

failure

Autoimmunity and insulin 

resistance can coexist; not a 

mutually exclusive category

The development of GDM depends on the balance between insulin resistance dur‐

ing pregnancy and the ability of pancreatic β-cells to increase insulin secretion. During

normal pregnancy, placental hormones and other factors, including human placental lac‐

togen, placental growth hormone, progesterone, estrogens, prolactin, cortisol, inflamma‐

tory cytokines, and growth factors, contribute to changes in maternal insulin sensitivity.

Insulin resistance increases particularly during the second and third trimesters. To main‐

tain normal blood glucose levels, pancreatic β-cells adapt by increasing insulin produc‐

tion and secretion. When this response is insufficient to meet the increased metabolic de‐

mands of pregnancy, hyperglycemia develops [12,19].

Although women with GDM share the same clinical diagnosis, the underlying

mechanisms may differ. Based on these differences, GDM can be described in terms of

four main phenotypes: insulin-resistant, insulin-deficient, mixed, and autoimmune [7].

However, these phenotypes are not separate or mutually exclusive conditions. Insulin

resistance, β-cell dysfunction, and islet autoimmunity may contribute to different de‐

grees in individual women, and their relative importance may change over time.

Importantly, the presence of islet autoantibodies alone does not necessarily indicate im‐

paired β-cell function. Therefore, isolated autoantibody positivity should be distin‐

guished from cases in which autoimmunity is accompanied by reduced β-cell function.

The most common form of GDM is the insulin-resistant phenotype. It is most often

associated with maternal obesity, excessive gestational weight gain, pre-pregnancy dys‐

lipidemia and chronic low-grade inflammation. Women with this phenotype typically
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have relatively intact β-cell function, but their β-cells are unable to compensate fully for

pregnancy-induced insulin resistance. Higher circulating levels of proinflammatory cy‐

tokines, adipokines and free fatty acids further aggravate insulin resistance and maternal

hyperglycemia [7].

The insulin-deficient phenotype is characterized mainly by pancreatic β-cell dys‐

function in the setting of moderate insulin resistance. These women tend to be younger,

have a lower pre-pregnancy body mass index (BMI) and show decreased endogenous in‐

sulin secretion during the oral glucose tolerance test (OGTT). In this subgroup, the dom‐

inant factors are not insulin resistance but genetic and other determinants affecting β-cell

development and secretory capacity [7,12].

A third subgroup consists of women with a mixed phenotype in which both insulin

resistance and impaired insulin secretion contribute to gestational hyperglycemia. This

phenotype illustrates the complex interaction between genetic predisposition and meta‐

bolic stress during pregnancy and represents a substantial proportion of women diag‐

nosed with GDM.

The autoimmune phenotype is the least common but biologically one of the most

distinctive forms of GDM. Unlike the other phenotypes, it is associated with immune-

mediated dysfunction of pancreatic β-cells, reflected by circulating autoantibodies

against islet antigens. Women with this phenotype often have relatively preserved in‐

sulin sensitivity for the degree of hyperglycemia, a lower pre-pregnancy BMI, an earlier

need for insulin therapy and a higher frequency of other autoimmune diseases, such as

autoimmune thyroid disease and celiac disease [13,20].

Importantly, islet autoimmunity may occur alongside different metabolic features of

GDM. For example, a woman with obesity and marked insulin resistance may be posi‐

tive for GADA, while a lean woman with reduced insulin secretion may have no de‐

tectable islet autoantibodies. Therefore, the differences presented in Table 3 should be

viewed as general tendencies rather than strict diagnostic criteria. Recognizing these dif‐

ferences is clinically important because glucose levels alone do not fully reflect the bio‐

logical diversity of GDM. Considering metabolic, immunological, and genetic character‐

istics alongside glucose measurements may help improve the classification of GDM and

support more individualized patient care [8].

Table 3. Clinical differences between autoimmune and insulin-resistant GDM.

Characteristic
Predominantly Insulin-

Resistant GDM

Autoimmune Phenotype of 

GDM

BMI Higher
Lower (obesity does not 

exclude it)

Primary mechanism Insulin resistance
Reduced β-cell reserve with 

islet autoimmunity

Insulin sensitivity Reduced Often relatively preserved

β-cell reserve Mildly impaired Markedly reduced

Islet autoantibodies Usually negative
Positive; number and 

persistence matter

C-peptide Normal/high Low or declining

Insulin treatment Variable More frequent, often earlier

Other autoimmune diseases Uncommon May coexist

Long-term outcome Mainly type 2 diabetes Risk of T1D or slowly 

progressive autoimmune 

diabetes, as well as type 2 
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4. Immunopathophysiology of the Autoimmune Phenotype of GDM

4.1. Pregnancy as a Metabolic Stress Test

Characteristic
Predominantly Insulin-

Resistant GDM

Autoimmune Phenotype of 

GDM

diabetes

Note: These features represent general clinical tendencies rather than established diagnostic crite‐

ria. C-peptide concentrations during pregnancy should be interpreted in the context of gestational

age, concurrent glucose concentration, insulin resistance and sampling conditions, including

whether the measurement was fasting or stimulated. The qualitative categories shown here do not

represent validated gestational-age-specific diagnostic thresholds.

An important question is whether the autoimmune phenotype represents an inde‐

pendent nosological entity or the first clinical manifestation of pre-existing autoimmune

diabetes. In several respects, the autoimmune phenotype resembles latent autoimmune

diabetes in adults (LADA): islet autoantibodies, a gradual decline in β-cell reserve and a

progressive need for insulin are observed. However, LADA is defined outside preg‐

nancy, and its diagnostic criteria cannot be applied directly to GDM [21]. From a clinical

perspective, the autoimmune phenotype covers a spectrum. In some women, progres‐

sion to classical T1D occurs after delivery; in others, the course is slower and resembles

LADA; and in still others, antibodies disappear postpartum without apparent metabolic

consequences. For this reason, some authors regard the more advanced forms as preg‐

nancy-unmasked autoimmune diabetes rather than as a separate form of diabetes

[16,21,22]. The available data therefore support the existence of an autoimmune sub‐

group but do not yet resolve its nosological position; the continuum model appears to

reflect current evidence best.

Pregnancy is a state of metabolic adaptation that ensures a continuous supply of nu‐

trients to the developing fetus while maintaining maternal glucose homeostasis.

Physiological insulin resistance develops because of placental hormone production and

favors the preferential transfer of glucose to the fetus. As insulin resistance increases

during the second and third trimesters, maternal β-cells must increase insulin secretion

to maintain glucose homeostasis. This increased secretory demand places a physiologi‐

cal burden on β-cell functional reserve and may reveal an inability to compensate ade‐

quately for pregnancy-induced insulin resistance [12,19].

In normal pregnancy, pancreatic β-cells respond with adaptive mechanisms that in‐

clude increased stimulated insulin secretion, increased insulin biosynthesis and func‐

tional hypertrophy. This process is accompanied by expansion of functional β-cell mass,

which preserves maternal normoglycemia despite peripheral insulin resistance [19,23].

The adaptive capacity of β-cells varies between women and influences their ability to

maintain normal glucose levels during pregnancy. In women with an autoimmune phe‐

notype, limited β-cell reserve may impair compensation for pregnancy-induced insulin

resistance. Pregnancy may therefore act as a physiological metabolic stress test, making

previously compensated dysfunction clinically apparent [9,10,16] (Figure 1). This inter‐

pretation does not establish when islet autoimmunity began or whether pregnancy

changes its subsequent course. The stress-test framework describes the relationship be‐

tween increased metabolic demand and β-cell functional reserve. It should not be inter‐

preted as implying that pregnancy is immunologically neutral. Metabolic unmasking of

a pre-existing deficit and pregnancy-related modification of the autoimmune process are

compatible possibilities. Pregnancy-associated immune adaptation could potentially

modify pre-existing islet autoimmunity, while changes after delivery could alter its sub‐

sequent trajectory. These possibilities remain hypotheses in islet-autoantibody-positive
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GDM; observations in other autoimmune diseases cannot establish that the same pro‐

cesses occur in this population. The lower pooled frequency of autoantibody positivity

reported in postpartum samples [17] requires cautious interpretation. Comparisons be‐

tween antenatal and postpartum prevalence do not necessarily represent changes within

the same women. Even when antibody disappearance is documented longitudinally, it

does not by itself demonstrate recovery of β-cell function. Thus, antibody trajectories

should be interpreted according to insulin secretion, insulin sensitivity and glycemic

outcomes. Evidence supporting a revelatory effect would be the finding of autoantibod‐

ies and poor β-cell reserve before conception, followed by hyperglycemia as gestational

insulin resistance increases. Evidence of modifying effect would require changes in islet-

directed immunity or β-cell functional trajectories above and beyond what is expected

from metabolic demand. Studies beginning before conception, with serial standardized

autoantibody measurements, assessment of stimulated C-peptide relative to insulin sen‐

sitivity, and follow-up through pregnancy and postpartum would help distinguish these

patterns. Comparable nonpregnant women would strengthen interpretation, although

observational findings alone would not establish causality. Pregnancy as a metabolic

stress test is therefore presented as an interpretative framework whose immunological

boundaries remain to be defined.

Figure 1. Proposed model of β-cell adaptation and compensation failure during pregnancy. In nor‐

mal pregnancy, physiological insulin resistance is accompanied by adaptive increases in β-cell

function and insulin secretion, thereby maintaining normoglycemia. In women with an autoim‐

mune phenotype of gestational diabetes mellitus (GDM), reduced functional β-cell reserve associ‐

ated with islet autoimmunity may limit the compensatory response to pregnancy-induced insulin

resistance, resulting in gestational hyperglycemia. After delivery, a subset of women may show

persistent or progressive autoimmune β-cell dysfunction and subsequently develop autoimmune

diabetes. The model should be interpreted across the preconception/early-pregnancy, mid-to-late-

pregnancy and postpartum periods. These are conceptual stages rather than an established longi‐

tudinal trajectory. The timing of islet-autoantibody appearance relative to changes in C-peptide re‐

mains uncertain; the diagram therefore does not imply a defined onset or intensity of immune at‐

tack, or a uniform turning point in β-cell functional decline. Created in BioRender. Yanachkova, V.

(2026) BioRender.com/0carbhm.
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4.2. Cellular Immune Mechanisms

Much of the detailed cellular mechanism described below has been established in

T1D and is extrapolated to pregnancy; direct evidence in women with GDM is limited (

Table 1). In T1D, cellular immune mechanisms are the dominant mediators of β-cell de‐

struction. Autoreactive CD4  helper T lymphocytes recognize β-cell antigens presented

by antigen-presenting cells via major histocompatibility complex class II molecules and

orchestrate adaptive immune responses by stimulating cytokine production and activat‐

ing cytotoxic lymphocytes. Cytotoxic CD8  T cells infiltrate the pancreatic islets and di‐

rectly induce β-cell apoptosis [24,25]. Although T lymphocytes are the principal effector

cells, B lymphocytes also contribute to pathogenesis. B cells not only produce islet au‐

toantibodies but also act as antigen-presenting cells that support autoreactive T-cell re‐

sponses. The interaction between T and B lymphocytes sustains chronic islet inflamma‐

tion and the progressive loss of functional β-cell mass [11].

+

+

In experimental models and studies of T1D, proinflammatory cytokines contribute

to β-cell dysfunction and injury. IL-1β, IFN-γ and TNF-α can impair insulin secretion, al‐

ter insulin gene expression and activate pathways involved in cellular stress and apopto‐

sis [26,27]. Prolonged exposure to inflammatory mediators may also promote endoplas‐

mic reticulum stress, oxidative stress and mitochondrial dysfunction. These mechanisms

may be relevant to islet-autoantibody-positive GDM, but their contribution has not been

established directly [26,27].

Also implicated has been immune dysregulation. Proinflammatory T-helper 17

(Th17) lymphocytes and regulatory T cells (Treg) are unbalanced in T1D as reported in

several studies. Reduced Treg activity decreases peripheral immune tolerance, while en‐

hanced Th17 responses promote the production of IL-17 and other inflammatory media‐

tors, leading to chronic immune activation against β-cells [25,28]. The autoimmune re‐

sponse may broaden over time to involve additional islet antigens. In the TEDDY study,

children with increased genetic susceptibility to T1D were followed for the sequential

appearance of distinct islet autoantibodies and progression to clinical diabetes [29]. This

pattern is consistent with spreading of the autoimmune response, but does not directly

demonstrate the cellular mechanism of epitope spreading. Its relevance to women with

islet-autoantibody-positive GDM remains an extrapolation requiring pregnancy-specific

investigation. Pregnancy itself requires profound immunological adaptation to maintain

maternal–fetal tolerance, and it is plausible that it modifies pre-existing islet autoimmu‐

nity. However, pregnancy-specific evidence linking Th17/Treg imbalance or cytokine

profiles directly to antibody-positive GDM remains sparse. Moreover, pregnancy and

obesity are themselves associated with low-grade inflammation, so systemic inflamma‐

tory markers in unselected GDM cohorts cannot be taken as evidence of islet-specific

autoimmunity.

Circulating islet autoantibodies are primarily markers of islet-directed autoimmu‐

nity rather than direct mediators of β-cell destruction [11,24,29]. In T1D, β-cell injury is

driven mainly by cellular immune mechanisms. In women with GDM, antibody positiv‐

ity alone does not establish ongoing β-cell destruction, the rate of functional decline or a

validated disease stage. Antibody findings should therefore be interpreted together with

their persistence, the number of antibodies detected, β-cell function and clinical course (

Figure 2).
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4.3. Genetic and Environmental Determinants

Figure 2. Proposed immune mechanisms underlying the autoimmune phenotype of gestational di‐

abetes mellitus. Genetic predisposition and environmental factors causing β-cell damage and re‐

duced functional β-cell reserve may lead to loss of immune tolerance and activation of islet-di‐

rected cellular immunity. Pregnancy-related metabolic stress may unmask insufficient β-cell com‐

pensation and contribute to gestational hyperglycemia. B-cell activation and the appearance of

islet autoantibodies, including GADA, IA-2A, ZnT8A, ICA and IAA, serve primarily as biomark‐

ers of islet autoimmunity rather than direct mediators of β-cell destruction. The proposed model is

derived largely from mechanisms established in type 1 diabetes, as pregnancy-specific mechanistic

evidence in GDM remains limited. Created in BioRender. Yanachkova, V. (2026)

BioRender.com/jy3vpcn.

Genetic susceptibility and environmental exposures are involved in the develop‐

ment of T1D and may also be relevant to islet autoimmunity detected during pregnancy.

However, their specific contribution to the autoimmune phenotype of GDM remains in‐

completely defined [12,24]. Genetic susceptibility is the best-established risk factor for

autoimmune diabetes and is attributed mainly to polymorphisms of the human leuko‐

cyte antigen (HLA) region on chromosome 6p21, particularly class II alleles involved in

antigen presentation to CD4  T lymphocytes. The HLA-DR3-DQ2 and HLA-DR4-DQ8

haplotypes are most strongly associated with T1D, and HLA-DQB1 genotypes have been

associated with islet autoantibodies and postpartum diabetes in women with GDM

[24,30]. These HLA molecules influence the efficiency with which β-cell peptides are pre‐

sented to autoreactive T cells; some variants bind β-cell peptides with greater affinity, fa‐

voring adaptive immune responses and loss of tolerance, whereas protective alleles ap‐

pear to promote immune regulation. Routine HLA genotyping is not currently recom‐

mended in clinical practice, but knowledge of genetic predisposition provides insight

into the biological mechanisms underlying the autoimmune phenotype [24,30].

+

Several non-HLA genes involved in immune regulation, β-cell function and inflam‐

matory signaling have also been linked to autoimmune diabetes, including PTPN22,

CTLA4, IL2RA, IFIH1 and SH2B3. They are believed to modulate immune tolerance and

T-cell activation [24]. Although the effect of individual non-HLA loci is small relative to

HLA class II genes, their additive effects may be important. Future polygenic risk assess‐

ment may improve identification of women at risk before pregnancy, although preg‐

nancy-specific data are currently lacking.
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5. Biomarkers of the Autoimmune Phenotype of GDM

Genetic susceptibility alone does not explain the development of autoimmune dia‐

betes. Several environmental factors have been proposed as triggers. Viral infections,

particularly enteroviruses such as Coxsackievirus B, have long been implicated in au‐

toimmune β-cell damage through molecular mimicry, bystander activation and persis‐

tent infection of the islets. Experimental studies have shown that viral infection can pro‐

mote β-cell antigen presentation and local inflammatory responses that facilitate activa‐

tion of autoreactive T lymphocytes [24].

The gut microbiome has also been considered among the environmental factors po‐

tentially involved in T1D pathogenesis, with proposed effects on immune regulation [24]

. Its relevance to islet-autoantibody-positive GDM remains uncertain. Microbiome alter‐

ations observed in GDM as a whole should not be interpreted as evidence of islet-di‐

rected autoimmunity, because the metabolic phenotype and the presence of autoimmu‐

nity need to be distinguished. Within the framework of this review, the microbiome is

therefore considered a candidate modifier requiring investigation in women character‐

ized by both islet-autoantibody status and β-cell function, rather than an established

mechanism of autoimmune GDM.

Other environmental factors, such as vitamin D deficiency, smoking, dietary expo‐

sures and pollutants, have also been explored. Vitamin D has immunomodulatory ef‐

fects on dendritic-cell maturation, T-cell differentiation and regulatory T-cell activity, but

a direct causal relationship has not been demonstrated [26,28]. Genetic and environmen‐

tal factors do not act independently but interact continuously throughout life to shape

immune function (Table 4).

Table 4. Genetic susceptibility and proposed environmental factors potentially relevant to islet au‐

toimmunity in GDM.

Risk Factor Representative Factors Potential Mechanism

HLA class II susceptibility
HLA-DR3-DQ2, HLA-DR4-

DQ8

Enhanced β-cell autoantigen 

presentation

Non-HLA susceptibility genes
PTPN22, CTLA4, IL2RA, 

IFIH1, SH2B3

Impaired immune regulation 

and peripheral tolerance

Family history of 

autoimmunity

T1D, autoimmune thyroid 

disease, celiac disease
Shared genetic susceptibility

Enteroviral infections
Coxsackievirus B, other 

enteroviruses

Molecular mimicry and 

bystander activation

Gut microbiota dysbiosis Reduced microbial diversity
Altered immune homeostasis 

and Treg dysfunction

Vitamin D deficiency Low serum 25(OH)D
Reduced immunomodulatory 

activity

Environmental exposures Diet, smoking, pollutants
Chronic inflammation and 

oxidative stress

Note: Most mechanisms listed in this table derive from T1D or experimental research and have not

been demonstrated directly in islet-autoantibody-positive GDM. HLA associations have been re‐

ported in women with GDM [30], but the listed factors should not be interpreted as established

causes of the autoimmune phenotype.

Identification of the autoimmune phenotype relies, in addition to clinical features

and the degree of hyperglycemia, on biomarkers reflecting immune-mediated β-cell dys‐

function. Among those currently available, diabetes-associated islet autoantibodies re‐

main the most extensively studied; in T1D they appear months or even years before the
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5.1. How Common Is Islet Autoimmunity in GDM?

onset of overt disease [11,24]. Beyond autoantibodies, measurement of fasting and stim‐

ulated C-peptide provides information on residual β-cell function and endogenous in‐

sulin secretion, and metabolic indices derived from the OGTT can further characterize

insulin secretory capacity and insulin sensitivity. Immunological and metabolic biomark‐

ers therefore provide a more comprehensive assessment of the phenotype than either ap‐

proach alone. No single laboratory test is sufficiently sensitive or specific to identify all

women with the autoimmune phenotype, and current evidence supports a multimarker

strategy that combines autoantibodies with clinical features and measures of β-cell func‐

tion [11,12,31]. The main biomarkers are summarized in Table 5.

Table 5. Biomarkers used for characterization of the autoimmune phenotype of GDM.

Biomarker Target Clinical Significance

GADA GAD65

Most frequent and practical 

marker of islet autoimmunity 

in adults

IA-2A IA-2

Adds specificity; associated 

with more advanced 

autoimmunity

ZnT8A Zinc transporter 8
Increases sensitivity when 

combined with GADA

ICA Islet cytoplasmic antigens
Classical marker of islet 

autoimmunity

IAA Endogenous insulin

Early autoimmune response; 

uninterpretable after insulin 

therapy

C-peptide Endogenous insulin secretion
Estimates residual β-cell 

function

Disposition 

index/insulinogenic index
β-cell function during OGTT

Evaluates insulin secretory 

capacity

Reported prevalence has varied widely because studies differ in GDM diagnostic

criteria, ethnicity, gestational age at sampling, autoantibody panels, laboratory assays,

positivity thresholds and duration of follow-up. Cohort-specific estimates point to the

significance of the population and laboratory context. In the Lund cohort, Nilsson et al.

detected GADA in 23 of 385 women with GDM (approximately 6%), using a radioim‐

munoprecipitation assay with radiolabelled human GAD65 [10]. In the Finnish cohort

reported by Luiro et al., GADA were detected in first-trimester samples from 21 of 350

women with available GADA measurements (6.0%), using a specific radiobinding assay

[14]. These estimates describe the respective cohorts and should not be interpreted as a

general prevalence range applicable across populations, sampling periods and assay

platforms.

A recent systematic review and meta-analysis of 21 studies estimated a pooled

prevalence of any islet autoantibody of approximately 11%, with extreme between-study

heterogeneity, a markedly higher frequency than in pregnant women without GDM, and

lower pooled positivity in postpartum samples [17]. These findings confirm the enrich‐

ment of islet autoimmunity in GDM while showing that prevalence estimates depend

strongly on assay and context. The lower postpartum prevalence also indicates that an

antibody-positive result obtained during pregnancy should not automatically be
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5.2. Glutamic Acid Decarboxylase Autoantibodies (GADA)

5.3. Complementary Islet Autoantibodies

equated with progressive autoimmune diabetes.

Autoantibodies against glutamic acid decarboxylase (GADA) are the most common

and clinically informative serological markers of autoimmune diabetes in adults. They

are directed against the 65-kDa isoform of glutamic acid decarboxylase (GAD65) and re‐

flect loss of immune tolerance to one of the major intracellular antigens of pancreatic β-

cells [11]. Within the spectrum of GDM, GADA is the predominant biomarker of the au‐

toimmune phenotype, although its frequency varies with ethnicity, laboratory methodol‐

ogy and diagnostic criteria [9,14]. GADA measurements are not affected by exogenous

insulin therapy and show good analytical reproducibility with standardized immunoas‐

says, which makes GADA the laboratory marker of choice when the autoimmune phe‐

notype is suspected.

A positive GADA test should not, however, be interpreted as evidence of ongoing β-

cell destruction per se. It indicates an adaptive immune response directed against β-cell

antigens. The probability of progressive β-cell dysfunction increases when GADA is per‐

sistent, clearly positive, accompanied by other diabetes-related autoantibodies or associ‐

ated with reduced endogenous insulin secretion [9,11,14]. Among currently available

islet autoantibodies, GADA is the most practical first-line marker when autoimmune di‐

abetes is suspected in a woman with GDM. However, GADA positivity alone does not

establish clinically significant autoimmune β-cell dysfunction.

In addition to GADA, other diabetes-associated autoantibodies (IA-2A, ZnT8A, ICA

and IAA) provide information about the extent of β-cell autoimmunity. These antibodies

differ in their biological targets, prevalence and clinical significance. Only a proportion

of women with the autoimmune phenotype are detected by any single marker, and com‐

bined antibody profiling considerably improves characterization [14,15]. In autoimmune

diabetes, the sequential appearance of antibodies against different islet antigens is con‐

sistent with spreading of the autoimmune response [29]. Multiple autoantibodies have

also been associated with a higher risk of subsequent T1D in GDM cohorts [14,15], al‐

though the underlying immune process has not been characterized to the same extent in

women with GDM.

IA-2A—IA-2A are directed against insulinoma-associated antigen-2 (IA-2), a trans‐

membrane protein localized in the dense-core secretory granules of β-cells. Although

less common than GADA, IA-2A is considered a highly specific marker of autoimmune

diabetes and is associated with more advanced β-cell autoimmunity [11]. IA-2A appear

less frequently than GADA in women with GDM, although reported frequencies vary

between populations and studies [9,14]. Women positive for both GADA and IA-2A tend

to show greater impairment of insulin secretion than those positive for GADA alone,

suggesting that IA-2A identifies a subgroup with more extensive autoimmune β-cell

damage [9,14].

ZnT8A—ZnT8A recognize zinc transporter 8, a β-cell-specific membrane protein

that transports zinc ions into insulin secretory granules. Zinc is required for insulin crys‐

tallization and storage, and ZnT8 is therefore an important component of normal β-cell

physiology [32, 33]. ZnT8A appear to be relatively uncommon in GDM, and pregnancy-

specific data remain limited [32]. Their clinical value lies in improving the sensitivity of

autoimmune assessment when combined with GADA and IA-2A, and they may detect

autoimmunity in women negative for other antibodies [32]. The incremental predictive

value of ZnT8A in pregnancy has not yet been established prospectively.
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5.4. Number, Persistence and Titer of Autoantibodies

5.5. The Role of C-Peptide

ICA—ICA were the first serological markers of autoimmune diabetes and were cen‐

tral to the development of the concept of islet autoimmunity [34]. ICA represent a het‐

erogeneous group of antibodies against several cytoplasmic islet-cell antigens and are

detected by indirect immunofluorescence. Antigen-specific assays have proved more

sensitive, specific and reproducible, and the diagnostic role of ICA in modern practice

has therefore declined; today, ICA measurements are largely limited to research and

long-term epidemiological studies [11]. Because ICA results depend heavily on labora‐

tory expertise, older ICA-based prevalence estimates are difficult to compare with con‐

temporary biochemical assays and probably contribute to the heterogeneity observed be‐

tween studies [17].

IAA—IAA are directed against endogenous insulin and are among the earliest

markers of autoimmune diabetes in childhood. Their interpretation in adults is consider‐

ably more difficult because insulin therapy itself induces antibody formation. IAA mea‐

surements are therefore of limited value in women who have already started insulin

during pregnancy. Isolated IAA positivity is rare in GDM and contributes little to routine

phenotyping; however, when detected before insulin therapy or together with other islet

autoantibodies, IAA may provide supportive information [11].

Islet autoantibodies identify islet-directed autoimmunity, but their presence alone

does not establish that autoimmunity is responsible for gestational hyperglycemia or

that clinically significant β-cell dysfunction is present. Their interpretation therefore re‐

quires consideration of antibody number, persistence and titer together with β-cell func‐

tion and the clinical course. In some women, the antibodies were probably present be‐

fore pregnancy; because prospective studies starting before conception are lacking, the

timing of seroconversion remains unknown. Long-term follow-up of women with GDM

has shown that ICA and GADA detected during pregnancy predict subsequent T1D,

with the highest risk in the presence of multiple autoantibodies. In a prospective multi‐

center German cohort, the risk of T1D after GDM increased steeply with the number of

antibodies detected [15], and in a Finnish cohort followed for 23 years, antibody profiles

measured during pregnancy identified women who developed T1D many years later

[14].

Diagnostic and prognostic interpretation should therefore take into account not

only the presence but also the number, combination, titer and persistence of autoanti‐

bodies. A single positive autoantibody, especially at low titer, should be confirmed by re‐

peat testing, as it may represent a transient or nonspecific finding; in a Belgian cohort,

only a minority of antibody-positive women remained positive at long-term follow-up

[35]. Confirmation should ideally be performed in a laboratory participating in the Islet

Autoantibody Standardization Program [36]. Persistence of two or more islet autoanti‐

bodies is a significantly stronger marker of progressive autoimmune β-cell failure. In

children with confirmed multiple autoantibodies, prospective cohorts indicate a very

high long-term risk of clinical T1D [22]. This classification should not, however, be ex‐

trapolated automatically to pregnant women, as validated risk thresholds for the au‐

toimmune phenotype of GDM do not exist. The number of antibodies in pregnancy

should therefore be regarded as a prognostic marker rather than as an independent di‐

agnostic criterion or basis for defining a separate disease subtype.

C-peptide testing complements autoantibody assessment by providing a measure of

endogenous insulin secretion. It can help assess β-cell function, but it does not directly
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6. Biomarkers and New Approaches

measure β-cell mass or establish an autoimmune cause of impaired secretion. In women

with previous GDM, GADA positivity has been associated with lower fasting C-peptide

and a lower disposition index than in antibody-negative women [20].

During pregnancy, fasting C-peptide should be interpreted cautiously, because

physiological insulin resistance leads to compensatory increases in endogenous insulin

secretion, and fasting C-peptide may remain preserved in early autoimmune diabetes

despite ongoing immune-mediated injury. Stimulated C-peptide, measured during an

OGTT or mixed-meal tolerance test, therefore reflects β-cell reserve more accurately.

Lower stimulated C-peptide concentrations indicate reduced secretory capacity and may

help identify women with the autoimmune phenotype before complete β-cell failure [20]

. The coexistence of GADA positivity with low or progressively declining C-peptide may

indicate more advanced β-cell dysfunction and may identify women who warrant closer

postpartum surveillance [20]. Dynamic indices such as the insulinogenic index and dis‐

position index relate secretion to the glucose stimulus and to insulin sensitivity; they are

valuable research tools but have not been standardized for routine pregnancy care.

Because broadening immune reactivity toward different β-cell antigens accompa‐

nies the decline in insulin secretory capacity, autoantibody combinations characterize au‐

toimmune β-cell dysfunction better than any single marker [14,15]. Autoantibodies

alone, however, provide limited information on disease activity and residual β-cell func‐

tion [11,31], and future classification is likely to combine antibody profiles with mea‐

sures of β-cell function, genetic susceptibility, clinical features and, potentially, molecular

biomarkers.

Rapid advances in genomic technologies have improved understanding of the

hereditary predisposition to autoimmune diabetes. Although HLA genotyping remains

primarily a research tool, combining HLA class II genotypes with non-HLA susceptibil‐

ity variants in polygenic risk scores may eventually help identify women at increased

risk before pregnancy, provided such scores are validated across diverse ancestries and

in pregnancy cohorts.

Characterization of immune-cell populations may also add information beyond

standard autoantibody testing. In autoimmune diabetes, alterations in regulatory T cells,

activated CD8  cytotoxic T lymphocytes, follicular helper T cells and B-cell subsets have

been associated with β-cell autoimmunity, and circulating cytokine profiles, including

IL-17, IL-6, TNF-α, IFN-γ and IL-10, may relate more closely to disease activity than au‐

toantibody titers alone [25,28]. These observations, however, derive mainly from T1D.

+

Several novel molecular biomarkers are also under investigation. Circulating mi‐

croRNAs are of particular interest because of their involvement in the regulation of im‐

mune activation, inflammation and β-cell survival; several microRNA signatures have

been associated with GDM, but their specific role in the autoimmune phenotype has not

been studied [37]. Metabolomic profiling offers another approach, as changes in amino-

acid and lipid metabolism and mitochondrial function may precede clinically meaning‐

ful hyperglycemia [38]. Proteomic analyses and extracellular-vesicle profiling are further

potential sources of biomarkers reflecting β-cell stress and immune activation [39].

The principal limitation of all these approaches is specificity. Most studies have ex‐

amined GDM as a whole rather than women defined by standardized autoantibody pro‐

files and β-cell function. None of these biomarkers have yet been incorporated into clini‐

cal practice, and they should currently be regarded as discovery platforms. Their future

role will depend on whether they improve prediction beyond antibody specificity, per‐

sistence, C-peptide and conventional clinical variables (Table 6).
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7. Clinical Perspective

7.1. Who Should Be Tested?

Table 6. Potential biomarkers for characterization of the autoimmune phenotype of GDM.

Biomarker Biological Relevance
Potential Clinical 

Utility
Current Status

C-peptide
Residual β-cell 

function

Assessment of β-cell 

reserve

Available; pregnancy 

thresholds lacking

Disposition index
β-cell compensation 

during OGTT

Evaluation of insulin 

secretory function
Research tool

HLA genotyping Genetic susceptibility

Identification of 

women at increased 

autoimmune risk

Research tool

Polygenic risk scores
Cumulative genetic 

susceptibility

Individualized risk 

prediction

Not validated in 

pregnancy

Immune-cell profiling
Cellular immune 

activation

Characterization of 

immune 

dysregulation

Exploratory

Circulating cytokines
Systemic 

inflammatory activity

Evaluation of 

inflammatory status
Non-specific

MicroRNAs
Post-transcriptional 

gene regulation

Candidate predictive 

biomarker
Exploratory

Metabolomics Metabolic alterations
Identification of 

metabolic signatures
Exploratory

Proteomics
Protein expression 

patterns

Discovery of disease-

associated proteins
Exploratory

Extracellular vesicles
Intercellular 

communication

Novel circulating 

biomarkers
Exploratory

Because conventional criteria classify GDM solely by glycemic thresholds, women

with different pathophysiological processes are usually managed with identical strate‐

gies. Although the autoimmune phenotype accounts for a relatively small proportion of

GDM, its recognition may influence clinical decisions in several ways. Women with au‐

toimmune β-cell dysfunction often present with features that differ from classical in‐

sulin-resistant GDM and that may help clinicians identify patients who need further

evaluation. They tend to be younger and leaner, with less insulin resistance and a greater

requirement for insulin treatment. A personal or family history of autoimmunity, includ‐

ing autoimmune thyroid disease, celiac disease, vitiligo or T1D, may further increase

clinical suspicion [9,20]. None of these features, however, are specific enough to establish

the diagnosis: obesity does not exclude autoimmune diabetes, and insulin treatment

may reflect local treatment thresholds or the severity of hyperglycemia rather than au‐

toimmune β-cell failure. These features should be regarded as indicators that support

further evaluation when considered together with laboratory findings.

Routine islet-autoantibody testing is not currently part of standard GDM assess‐

ment in major international guidelines [1,3–6]. Evidence is currently insufficient to sup‐

port universal islet-autoantibody screening in women with GDM, particularly because

the clinical significance of isolated or transient autoantibody positivity remains uncer‐

tain and pregnancy-specific evidence that screening improves clinical outcomes is lack‐

ing. Selective testing may nevertheless be considered in women with clinical features
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7.2. Interpretation of Findings

suggesting impaired β-cell reserve rather than predominantly insulin resistance (Table 7

). GADA is the most practical first-line islet autoantibody in this setting, with IA-2A

and/or ZnT8A providing additional information when clinical suspicion remains high.

This approach is based largely on evidence and practice from adult autoimmune dia‐

betes [21,31,40] and has not been prospectively validated in women with GDM.

Table 7. Clinical features suggesting the autoimmune phenotype of GDM.

Clinical Feature Potential Implication

Lower pre-pregnancy BMI Less typical of classical insulin-resistant GDM

Early insulin requirement Reduced endogenous β-cell reserve

Family history of T1D Genetic predisposition to autoimmunity

Personal history of autoimmune disease Increased likelihood of autoimmune diabetes

Persistent hyperglycemia despite appropriate 

therapy
Progressive β-cell dysfunction

Reduced fasting or stimulated C-peptide Impaired endogenous insulin secretion

Positive thyroid autoantibodies Autoimmune predisposition

These features should not be interpreted as diagnostic criteria but as indicators of an increased

likelihood of autoimmune β-cell dysfunction; clinical judgment remains essential. Differential di‐

agnosis is particularly important when hyperglycemia is severe or atypical. Overt diabetes first

recognized in pregnancy, T1D, slowly progressive autoimmune diabetes, monogenic diabetes and

secondary diabetes may initially be labeled as GDM if evaluation stops at glucose thresholds

[1,21,40,41]. Ketosis, catabolic symptoms, overt-range hyperglycemia, very low C-peptide or per‐

sistent postpartum hyperglycemia should prompt urgent reassessment of the diagnosis.

The proposed approach starts with the diagnosis of GDM according to current rec‐

ommendations, followed by assessment of clinical features that may suggest insulin de‐

ficiency. In selected women, further evaluation may include GADA, C-peptide and,

where appropriate, additional islet autoantibodies (Figure 3). The approach combines

observational findings in GDM with diagnostic practices used in adult autoimmune dia‐

betes. It has not been prospectively validated in GDM, and its effects on diagnostic accu‐

racy, clinical outcomes and cost-effectiveness remain unknown. It is therefore presented

as a framework for individualized specialist assessment and future research.
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Figure 3. Proposed phenotype-oriented pathway for the evaluation of islet autoimmunity in

women with gestational diabetes mellitus. Women with GDM may be considered for further eval‐

uation according to their clinical, anthropometric and metabolic phenotype. Features suggesting

impaired β-cell reserve or possible autoimmune involvement may prompt selective assessment of

GADA, with additional IA-2A and/or ZnT8A testing when clinically appropriate, together with

evaluation of endogenous insulin secretion using C-peptide. The combination of clinical character‐

istics, autoantibody profile and β-cell function may help identify women who warrant individual‐

ized postpartum metabolic surveillance. This pathway represents a conceptual, evidence-informed

approach for clinical evaluation and future research and has not been prospectively validated as a

screening or management algorithm in women with GDM. Created in BioRender. Yanachkova, V.

(2026) BioRender.com/cxxnt1v.

Results should be interpreted along a gradient of certainty rather than as a simple

positive/negative dichotomy (Table 8). The same GADA result has different implications

in a woman with declining C-peptide, early insulin dependence and postpartum dysg‐

lycemia than in a woman with preserved secretion and normal postpartum glucose tol‐

erance. Conversely, an insulin-deficient phenotype without detectable antibodies may

reflect non-autoimmune β-cell dysfunction, monogenic diabetes, antibody-negative au‐

toimmune diabetes or limitations of the antibody panel.

Table 8. Clinical interpretation of islet autoantibody in GDM.

Scenario Reasonable Interpretation Suggested Action

Single low-titer antibody, 

preserved β-cell function, no 

atypical features

Autoimmune signal of 

uncertain persistence or 

significance

Confirm result; avoid 

deterministic labeling; 

standard GDM management 

and postpartum testing
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7.3. Management During Pregnancy

7.4. Associated Thyroid Autoimmunity

Scenario Reasonable Interpretation Suggested Action

Persistent GADA or another 

islet antibody with reduced or 

declining C-peptide

More convincing evidence of 

autoimmune β-cell 

dysfunction

Endocrinology review; 

anticipate insulin deficiency; 

structured postpartum 

surveillance

Two or more persistent islet 

autoantibodies

Higher-risk autoimmune 

phenotype

Specialist follow-up and 

individualized surveillance; 

explain that pregnancy-

specific absolute risks remain 

uncertain

Ketosis, catabolic symptoms 

or overt-range hyperglycemia

Possible T1D or overt diabetes 

rather than GDM

Urgent reclassification and 

treatment according to 

diabetes-in-pregnancy 

standards

Antibody-negative but low β-

cell reserve or atypical 

phenotype

Autoimmune diabetes 

possible; alternative causes 

should be considered

Reassess classification, 

including monogenic diabetes 

when appropriate

There is currently no evidence-based immune-directed treatment for the autoim‐

mune phenotype of GDM, and no antibody-specific glycemic targets have been vali‐

dated. Management should therefore follow established diabetes-in-pregnancy princi‐

ples, including medical nutrition therapy, glucose monitoring and pharmacological

treatment, usually insulin, when glycemic targets are not achieved [1,4–6]. Insulin may

be required earlier in women with limited β-cell reserve, but insulin requirement reflects

insufficient endogenous secretion and/or insulin resistance and is not in itself proof of

autoimmunity. The immediate value of recognizing convincing autoimmunity lies in

more accurate classification, anticipation of insulin deficiency and a lower risk that

evolving T1D, particularly with ketosis or marked hyperglycemia, is managed as routine

GDM [41].

Associated thyroid autoimmunity is relevant to the assessment of women with

GDM, but evidence concerning its relationship with islet autoimmunity requires careful

interpretation. In a study evaluating thyroid and GAD65 antibodies, thyroid autoimmu‐

nity did not differ significantly between women with GDM and controls during preg‐

nancy, whereas a higher prevalence was observed in a separate group of women with

previous GDM. However, only one participant had concurrent GAD65- and TPO-anti‐

body positivity, limiting conclusions about clustering of thyroid and islet autoimmunity

[42].

These findings distinguish two questions: whether thyroid autoimmunity is associ‐

ated with GDM overall, and whether it specifically accompanies autoimmune β-cell dys‐

function. Evidence addressing the former should not be taken as proof of the latter.

Similarly, shared HLA susceptibility is a possible explanation for autoimmune cluster‐

ing, but its contribution to the coexistence of thyroid and islet autoimmunity in GDM re‐

mains unconfirmed. Clinically, a history of autoimmune thyroid disease may contribute

to the broader assessment when autoimmune diabetes is suspected, but should be inter‐

preted together with islet-autoantibody profiles, β-cell function and the clinical course.

Thyroid-function testing and thyroid-autoantibody assessment should follow current

guidance for pregnancy and the postpartum period [43].
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7.5. Postpartum Follow-Up

7.6. Implications for the Offspring

8. Limitations and Future Directions

8.1. Limitations of the Available Evidence

Postpartum follow-up is essential for all women with GDM, and particularly for

those with the autoimmune phenotype because of their risk of progression to autoim‐

mune diabetes. Unlike classical GDM, in which the main long-term risk is type 2 dia‐

betes, the autoimmune phenotype may be followed by gradual or rapid loss of β-cell

function, which can emerge years after the index pregnancy [9,14]. A 75-g OGTT is rec‐

ommended in the early postpartum period (commonly 4–12 weeks after delivery), com‐

plemented where appropriate by HbA1c, C-peptide and repeat islet-autoantibody test‐

ing [1,5,6]. Because antibody status can change after delivery [17,35], a single gestational

measurement should not be treated as a permanent phenotype. In women with persis‐

tent GADA, especially in the presence of more than one autoantibody or declining C-

peptide, periodic (for example, annual) monitoring of glycemic status and β-cell function

appears advisable, although intervals have not been validated specifically after GDM.

Consensus guidance for monitoring adults with confirmed islet autoantibodies provides

a useful reference [44]. Such follow-up may help identify progressive insulin deficiency,

but the clinical benefit of additional antibody- and C-peptide-based surveillance has not

been demonstrated specifically after GDM. The intensity of follow-up should be individ‐

ualized, taking into account antibody persistence, β-cell function and glycemic status.

Risk communication should distinguish relative risk from an individual woman’s abso‐

lute risk.

Particular care is required in the interpretation of autoantibodies detected in a new‐

born. GADA, IA-2A, ICA and insulin antibodies of maternal origin can cross the pla‐

centa and be detected in cord blood or during the first months of life; they usually disap‐

pear within the first 6–9 months. A positive result immediately after birth therefore does

not demonstrate an autoimmune process in the child, whereas persistent or newly ap‐

pearing autoantibodies after clearance of maternal immunoglobulins are more likely to

reflect active autoimmunity. Testing for islet autoantibodies in cord blood or immedi‐

ately after birth is not a suitable method for assessing long-term T1D risk [22]. Risk esti‐

mates derived from families affected by established T1D should not be directly applied

to children of women with islet-autoantibody-positive GDM. Maternal autoantibody

positivity alone does not establish an equivalent maternal disease phenotype or a corre‐

sponding risk in the offspring. Reliable absolute risk estimates specific to this population

remain unavailable, and counselling should explicitly acknowledge this uncertainty.

Routine testing of all children born to mothers with autoimmune GDM cannot cur‐

rently be recommended on the basis of the maternal diagnosis alone. Screening may be

considered when the mother subsequently develops confirmed T1D, when other first-

degree relatives have T1D, in the presence of multiple familial autoimmunities, or within

structured screening programs; any positive result should be confirmed in a standard‐

ized laboratory and followed by specialized surveillance [22,40].

The evidence concerning islet autoimmunity in GDM has several limitations.

Persistent islet autoimmunity is relatively uncommon, and even large studies may in‐

clude only small antibody-positive subgroups. Consequently, estimates of clinical differ‐

ences and subsequent diabetes risk may be imprecise. Study populations also differ in

ethnicity, maternal age, BMI, GDM diagnostic criteria, timing of diagnosis, autoantibody

panels, and follow-up duration. These differences limit comparability and are responsi‐
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8.3. Prioritized Research Directions

ble for the heterogeneity found in pooled analyzes [17]. Another problem is variation

among laboratories. Assay platforms, positivity thresholds, and procedures for confirm‐

ing low-positive results are not uniform. Although international standardization has im‐

proved autoantibody measurement, results are not fully interchangeable across studies

[11,36]. A single low-positive result, persistent positivity, and multiple autoantibodies

should therefore not be treated as equivalent findings. Most available studies are obser‐

vational and establish associations rather than causal relationships. Follow-up periods

vary, and relatively few studies provide detailed metabolic and immunological measure‐

ments extending beyond 10 years. Moreover, limited sampling before conception makes

it difficult to establish whether autoimmunity precedes pregnancy, becomes detectable

during gestation, or changes after delivery. These limitations constrain interpretation of

pregnancy as a revelatory or modifying influence.

A further difficulty is the absence of a widely accepted definition of autoimmune

GDM. Isolated seropositivity, autoimmunity accompanied by impaired β-cell function,

and autoimmune diabetes first recognized during pregnancy may be grouped together

despite their different implications. Much of the proposed cellular pathophysiology is

extrapolated from T1D rather than demonstrated directly in women with GDM.

Emerging genetic, immune, and molecular biomarkers remain exploratory and have not

been validated for this specific phenotype [37–39].

The present review also has methodological limitations. Database searching was re‐

stricted to PubMed/MEDLINE; Embase and Scopus were not searched. Relevant studies

indexed in other databases may therefore have been missed. Reference-list screening and

targeted searches supplemented the main search but did not ensure comprehensive

coverage.

Publication selection and interpretation were narrative and may have introduced se‐

lection bias. The review does not provide a formal study-level assessment of method‐

ological quality or risk of bias. The distinction between direct GDM evidence, extrapo‐

lated mechanisms, and exploratory findings in Table 1 improves transparency but

should not be interpreted as a substitute for formal quality appraisal. The proposed clin‐

ical framework should consequently be regarded as an approach requiring validation.

Research priorities should be ordered according to feasibility and the questions they

can resolve. An immediate, relatively tractable priority is harmonization of working defi‐

nitions, laboratory methods, and reporting. Studies should distinguish isolated autoanti‐

body positivity from persistent or multiple autoantibodies accompanied by impaired β-

cell function. Reporting should specify assay platforms, positivity thresholds, antibody

levels, gestational age at sampling, and the timing of insulin initiation. Harmonization

and reanalysis of existing cohorts may help establish comparable phenotypes before

more complex predictive approaches are developed.

A second priority, more demanding but central to the stress-test framework, is

prospective recruitment before conception or in early pregnancy. Serial measurements of

autoantibodies, stimulated C-peptide, and insulin sensitivity, followed through preg‐

nancy and postpartum, could clarify the temporal relationship between autoimmunity

and gestational hyperglycemia. Preconception cohorts are particularly informative be‐

cause they can document abnormalities before pregnancy-related metabolic and im‐

munological changes occur. Appropriately selected nonpregnant comparison groups

would strengthen efforts to distinguish metabolic unmasking from modification of the
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autoimmune process.

A third priority is clinical validation. Prospective multicenter studies should deter‐

mine whether selective autoantibody testing and assessment of β-cell function improve

classification, postpartum surveillance, and clinically meaningful outcomes beyond stan‐

dard GDM care. Follow-up should distinguish progression to T1D, development of T2D,

persistent dysglycemia, and recovery of glucose tolerance. The benefits, burdens, and

cost-effectiveness of additional testing should be evaluated before wider

implementation.

Finally, genetic scores, immune-cell profiling, circulating microRNAs,

metabolomics, proteomics, and machine-learning approaches should be positioned as

later-stage exploratory strategies [37–39]. Their evaluation requires sufficiently defined

phenotypes, adequate numbers of antibody-positive participants, and independent vali‐

dation. Priority should be given to demonstrating added value beyond clinical features,

antibody profiles, and β-cell function. International collaboration and standardized

prospective registries would support progress across these stages.

GDM includes different biological phenotypes in which insulin resistance and im‐

paired insulin secretion contribute to varying degrees. In some women, islet autoanti‐

bodies are accompanied by reduced β-cell reserve and an increased risk of subsequent

autoimmune diabetes. Pregnancy may act as a physiological metabolic stress test that re‐

veals previously compensated β-cell dysfunction. However, the timing of autoimmune

onset and the influence of pregnancy on its progression remain uncertain. Mechanisms

described in T1D offer a possible explanation, but most require direct confirmation in

women with GDM.

Autoantibody positivity alone should not be equated with a distinct form of GDM.

The strongest evidence of clinically meaningful autoimmune β-cell dysfunction comes

from the convergence of persistent or multiple autoantibodies, reduced endogenous in‐

sulin secretion and a compatible postpartum course. Universal autoantibody screening,

antibody-specific glycemic targets and immune-directed treatment are not supported by

current evidence, whereas selective evaluation is reasonable when the phenotype sug‐

gests insulin deficiency.

Precision-medicine tools may eventually allow classification based on mechanisms

rather than glycemic thresholds alone, but they require extensive validation.

Standardized laboratory protocols and large multicenter prospective studies will be es‐

sential to establish whether phenotype-based diagnosis and follow-up improve maternal

and long-term metabolic outcomes.
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The following abbreviations are used in this manuscript:

GDM Gestational diabetes mellitus

T1D Type 1 diabetes

T2D Type 2 diabetes

GADA Glutamic acid decarboxylase autoantibodies

GAD65 Glutamic acid decarboxylase 65

IA-2A
Insulinoma-associated antigen-2 

autoantibodies

ZnT8A Zinc transporter 8 autoantibodies

CA Islet cell antibodies

IAA Insulin autoantibodies

HLA Human leukocyte antigen

OGTT Oral glucose tolerance test

BMI Body mass index

Th17 T helper 17 cells

Treg Regulatory T cells

IL-17 Interleukin-17
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