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Abstract
Objective: The presence of antimitochondrial antibodies (AMAs) is strongly associated with 
primary biliary cholangitis (PBC), but serological reactivity alone may not consistently char-
acterize a distinct clinical presentation. We aimed to determine whether a combination of 
mitochondrial-specific autoimmunity (M2 seropositivity) and cholestatic burden, quantified 
by alkaline phosphatase (ALP), is associated with a physiologically coherent pure PBC phe-
notype within an AMA-positive cohort.

Materials and Methods: This retrospective cross-sectional study included 300 AMA-pos-
itive adult patients assessed at a tertiary referral institution. Clinical phenotypes were cate-
gorized as pure PBC, PBC-autoimmune hepatitis (AIH) overlap, or non-PBC based on accept-
ed diagnostic criteria. 

Results: The study included 300 AMA-positive individuals, of which 80 were diagnosed with 
pure PBC, 37 with PBC-AIH overlap, and 183 were categorized as non-PBC. Seropositivity for 
M2 and ALP levels were independently associated with the pure PBC phenotype. M2 positiv-
ity was strongly associated with pure PBC (adjusted odds ratio [aOR] 14.60, 95% confidence 
interval [CI] 1.56–136.37, p=0.019), whereas each 10 U/L increment in ALP was associated 
with 18% higher odds of pure PBC (aOR 1.18, 95% CI 1.05–1.32, p=0.005). The multivariable 
model showed good internal discrimination (area under the receiver operating characteristic 
curve [AUC] 0.86, 95% CI 0.76–0.93), achieving 69.0% sensitivity and 89.2% specificity at 
the optimal probability threshold. In sensitivity analyses involving overlap syndromes, ALP 
remained independently correlated with disease phenotype, whereas the influence of M2 
seropositivity diminished.

Conclusion: Antimitochondrial antibody positivity alone does not define a consistent clin-
ical phenotype. The integration of M2 seropositivity with ALP levels may provide a more in-
formative immune-biochemical framework for phenotypic stratification among AMA-positive 
individuals.

Keywords: Primary biliary cholangitis, antimitochondrial antibody, M2 seropositivity, alka-
line phosphatase, cholestasis, autoimmunity
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Introduction
Primary biliary cholangitis (PBC) is a chronic immune-me-
diated cholestatic liver disease marked by progressive 
destruction of small intrahepatic bile ducts, potentially 
leading to fibrosis and cirrhosis if left untreated (1,3). 
Historically considered an organ-specific autoimmune 
disorder, contemporary evidence indicates a multidi-
mensional immunopathogenic framework in which 
adaptive autoimmunity, innate immune activation, chol-
angiocyte-intrinsic stress responses, and bile acid-medi-
ated epithelial injury collectively contribute to chronic 
biliary inflammation (1–3). Genome-wide association 
studies have identified susceptibility loci within human 
leukocyte antigen (HLA) class II and immune regulatory 
pathways, reinforcing the concept of systemic immuno-
logical dysregulation as an underlying determinant of 
disease risk (1,2). The significant female predominance 
and frequent association with other autoimmune dis-
eases further suggest a common immunogenetic and 
immunoregulatory basis (1).

The serological marker of PBC is the development of 
antimitochondrial antibodies (AMAs), specifically those 
directed against the E2 subunit of the pyruvate dehydro-
genase complex (AMA-M2), which are present in around 
90–95% of individuals with confirmed disease (4,5). Mito-
chondrial-directed autoimmunity constitutes a highly dis-
tinctive humoral signature of autoimmune liver disease, 
indicating a selective breach of tolerance to highly con-
served intracellular antigens (5,6). Cholangiocyte apopto-
sis, abnormal antigen presentation, and bile acid-induced 
epithelial stress are mechanistically suggested to reveal 
immunogenic mitochondrial epitopes, thus sustaining 
autoreactive B- and T-cell responses (3,6).

Although AMA and M2 antibodies are highly specific for 
established PBC, serological reactivity alone does not reli-
ably identify disease manifestation or progression. Com-
munity-based studies have shown that AMA positivity 
occurs in approximately 0.2–0.4% of the general popula-
tion, although anti-M2 positivity is significantly rarer (7). 
Large observational and longitudinal studies have shown 
that only a small proportion of seropositive individuals 
without early cholestasis develop clinically evident PBC 
during follow-up (8–10). These findings demonstrate a 
clear distinction between autoimmune reactivity and 
clinically significant cholangiopathy, implying that addi-
tional immunological or biochemical signals are required 
to characterize clinically relevant phenotypes.

In addition to standard AMA responses, disease-spe-
cific antinuclear antibodies, such as anti-gp210 and 
anti-sp100, have been associated with distinct clinical 
subgroups and, in rare cases, more severe disease out-
comes (5,11). From a biological perspective, portal infil-
tration by autoreactive CD4+ and CD8+ T cells, T helper 
1 (Th1)– and T helper 17 (Th17)–driven immunological 
polarization, and dysregulated cytokine signaling all 
contribute to biliary epithelial damage (1,6). Recent 
studies have increasingly suggested that innate immune 
activation and cholangiocyte-specific inflammatory sig-
naling pathways are critical to the breakdown of immune 
tolerance (6). Collectively, these findings support a mul-
tidimensional immunologic hypothesis in which sero-
logical markers constitute only one aspect of disease 
biology.

However, despite progress in understanding disease 
mechanisms, a significant translational gap persists. 
In AMA-positive populations, the relationship between 
mitochondrial-specific autoimmunity and measurable 
biochemical damage in identifying clinically significant 
disease phenotypes remains unclear. In clinical practice, 
AMA-positive individuals without persistent cholestasis 
frequently constitute a diagnostic gray area, while over-
lap syndromes further obscure phenotypic distinctions 
(8,12). A systematic framework that integrates immuno-
logical specificity with the biochemical manifestation of 
biliary damage may improve phenotypic resolution. 

The objective of this study was to investigate whether 
the combination of mitochondrial-specific autoimmunity 
(M2 seropositivity) and cholestatic burden, measured by 
alkaline phosphatase (ALP) levels, can differentiate the 
pure PBC phenotype within an AMA-positive popula-
tion. We hypothesized that an integrated immune–bio-
chemical framework would be associated with improved 
phenotypic stratification compared with AMA status 
alone and would better reflect an immunologic gradient 
among AMA-positive individuals.

Materials and Methods
This retrospective cross-sectional study included consec-
utive AMA-positive adult patients identified through the 
Medical Microbiology Laboratory of Ankara Bilkent City 
Hospital between February 2019 and July 2023. Antim-
itochondrial antibody and antinuclear antibody (ANA) 
indirect immunofluorescence (IIF) intensity grades, ANA 
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staining patterns, AMA-M2 immunoblot results, and clin-
ical diagnoses were retrospectively reviewed.

All consecutive adult patients (≥18 years) with con-
firmed AMA positivity were eligible for inclusion. Antimi-
tochondrial antibody positivity was established based on 
the laboratory-specific cutoff levels determined by the 
IIF assay. Patients were required to have available data 
on M2 serostatus and baseline biochemical parameters, 
including ALP, to be included in the final analysis.

Patients with active viral hepatitis (positive hepatitis B 
virus [HBV] DNA, hepatitis C virus [HCV] RNA, or acute 
hepatitis E), decompensated cirrhosis (Child-Pugh 
class B/C, active ascites, variceal bleeding, or hepatic 
encephalopathy), active malignancy, active cholestasis 
(including biliary obstruction on ultrasonography, mag-
netic resonance cholangiopancreatography [MRCP], or 
computed tomography [CT]; choledocholithiasis; biliary 
malignancy; or primary sclerosing cholangitis) or insuf-
ficient clinical, serologic, or biochemical data for mul-
tivariable analysis were excluded. These criteria were 
applied to ensure that identified immune-biochemical 
relationships accurately represented intrinsic autoim-
mune characteristics while minimizing confounding 
from secondary cholestatic or inflammatory liver injury.

Clinical phenotypes were determined according to estab-
lished international diagnostic criteria and multidisci-
plinary specialist evaluation. Patients were categorized 
as pure PBC, PBC-autoimmune hepatitis (AIH) overlap, or 
non-PBC within the AMA-positive cohort based on clin-
ical, serologic, and biochemical findings at the time of 
assessment.

Pure PBC was defined as the presence of AMA and per-
sistent cholestatic liver biochemistry, particularly ele-
vated ALP, without significant hepatitic inflammatory 
features. The diagnosis was established according to 
internationally accepted diagnostic criteria and con-
firmed by the attending hepatologists.

The PBC-AIH overlap syndrome was defined by the 
coexistence of diagnostic features of both PBC and 
AIH. These features included elevated transaminases, 
increased immunoglobulin G (IgG) levels, and consistent 
histopathological findings when available. The diagnosis 
was established using accepted clinical criteria, includ-
ing the Paris-type criteria, and multidisciplinary special-
ist consensus. Patients who did not meet the criteria for 

either pure PBC or PBC-AIH overlap were categorized as 
non-PBC. All diagnoses were confirmed by experienced 
hepatologists and gastroenterologists during the clinical 
evaluation. 

Hospital records were reviewed to obtain data on alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), ALP, gamma-glutamyl transferase (GGT), interna-
tional normalized ratio (INR), albumin, immunoglobulin 
M (IgM), and IgG. Laboratory parameters were assessed 
either simultaneously with ANA testing or within one 
week thereafter. Furthermore, the records included clin-
ical details such as age, sex, and diagnosis.

An ANA IIF test was performed using HEp-20-10/liver 
tissues (Euroimmun AG, Lübeck, Germany). The screen-
ing technique began with a preliminary dilution of 1:100 
as recommended by the manufacturer. At the screen-
ing dilution of 1:100, fluorescence intensity was graded 
semiquantitatively as 0 (negative), 1+, 2+, 3+, or 4+, with 
4+ representing the strongest fluorescence intensity 
using a EUROSTAR III Plus fluorescent microscope (Euro-
immun AG, Lübeck, Germany) at ×40 magnification. 
The presence of antibodies against extractable nuclear 
antigens (ENA) was assessed using the EUROLINE ANA 
Profile 3 plus DFS70 (IgG) test kit manufactured by man-
ufactured by Euroimmun AG, Lübeck, Germany.

The study was conducted in compliance with the Declara-
tion of Helsinki and was authorized by the Ankara Bilkent 
City Hospital Non-Interventional Clinical Research Eth-
ics Committee on July 12, 2023, with decision number 
E2-23-4480.
 
Statistical Analysis
R version 4.3.2 (R Foundation for Statistical Computing, 
Vienna, Austria) and IBM SPSS Statistics for Windows, 
version 22.0 (IBM Corp., Armonk, NY, USA) were used 
for statistical analyses. The Shapiro-Wilk test and visual 
examination of histograms were used to determine 
whether continuous variables were normally distributed. 
Most continuous variables were presented as medians 
(interquartile range [IQR]) because they were not nor-
mally distributed. Categorical variables were expressed 
as frequencies and percentages. 

The Kruskal-Wallis test for continuous variables and 
the chi-square test or Fisher's exact test for categorical 
variables, as applicable, were used to compare the three 
clinical groups (pure PBC, overlap, and non-PBC).
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A multivariable logistic regression model was used to 
identify independent predictors of the pure PBC pheno-
type based on characteristics that were deemed clinically 
significant or showed a potential association in univari-
ate analysis. Odds ratios (ORs) with 95% confidence 
intervals (CIs) were used to present the results. Multicol-
linearity among predictor variables was assessed using 
the variance inflation factor (VIF) analysis before multi-
variable logistic regression modeling. Variables with VIF 
values below 5 were considered to have no significant 
multicollinearity.

Receiver operating characteristic (ROC) curve analysis 
based on the predicted probabilities from the adjusted 
multivariable logistic regression model was performed 
to evaluate discriminative performance. The area under 
the curve (AUC) was calculated to quantify model per-
formance. The Youden index was used to determine the 
optimal probability threshold, which was then applied to 
calculate the model's sensitivity and specificity. A two-
sided p<0.05 was considered statistically significant. 

Results
From February 2019 to July 2023, 35,195 autoimmune 
liver antibody panel tests (ANA, anti-smooth muscle anti-
body [ASMA], and liver-kidney microsomal [LKM] anti-
body) were performed at our institution. Of these tests, 
1009 were positive for antimitochondrial antibodies 
(2.9%). Additionally, 40,297 M2 immunoblot tests were 
performed, of which 1349 were positive (3.3%). The study 
included a total of 300 patients who tested positive for 
AMA and underwent M2 immunoblot testing. The mean 
age of the included patients was 57.0 (48.0–66.0) years.

Primary biliary cholangitis was diagnosed in 80 patients, 
and PBC-AIH overlap in 37 (12.3%). Among the remain-
ing 183 patients, 46 (25.1%) had rheumatologic diseases 
(ankylosing spondylitis, Behçet disease, mixed connec-
tive tissue disease, myositis, psoriatic arthritis, Sjögren 
syndrome, Raynaud phenomenon, scleroderma, systemic 
lupus erythematosus, and adult-onset Still disease); 45 
(24.6%) had neurologic diseases (Alzheimer disease, 
Bell's palsy, epilepsy, tension-type headache, migraine, 
multiple sclerosis, hemiplegia, myopathy, neuropathic 
bladder, polyneuropathy, cerebrovascular accident, 
vertigo, and optic neuritis); 30 (16.4%) had endocrine 
diseases (diabetes mellitus, hypothyroidism, hypopara-
thyroidism, multinodular goiter, pituitary adenoma, and 

chronic thyroiditis); 18 (9.8%) had gastroenterological 
diseases (cryptogenic cirrhosis, pancreatitis, hepatic 
fibrosis, Crohn disease, nonalcoholic fatty liver disease, 
pancreatic cyst, pangastritis, and hepatic hemangioma); 
12 (6.6%) had renal diseases (chronic renal failure and 
hydronephrosis); 12 (6.6%) had pulmonary diseases 
(asthma, chronic obstructive pulmonary disease, pneu-
monia, interstitial lung disease, and pulmonary arterial 
hypertension); 4 (2.2%) had cardiovascular diseases 
(hypertension, heart failure, and pericarditis); and 16 
(8.7%) had other conditions (joint pain, leukocytoclastic 
vasculitis, immune thrombocytopenic purpura, anemia, 
dyspepsia, xerosis cutis, allergy, and urticaria).

The study population comprised 300 AMA-positive 
individuals categorized into three distinct phenotypes: 
pure PBC, PBC-AIH overlap, and non-PBC AMA-positive 
patients. A distinct serologic gradient developed among 
phenotypes: pure PBC (n=80, 26.7%), PBC-AIH overlap 
(n=37, 12.3%), and non-PBC (n=183, 61.0%). Intensity 
grades of AMA IIF differed significantly among the clini-
cal phenotypes (p=0.0002), with higher grades observed 
in the cholestatic phenotypes.

M2 positivity was more frequent in pure PBC (92.5%) 
and PBC-AIH overlap (75.7%) than in non-PBC patients 
(59.0%) (p<0.001), underscoring its phenotypic specific-
ity among AMA-positive populations. Although overall 
ANA positivity rates (pure PBC, 43/80 [53.8%]; overlap, 
22/37 [59.5%]; non-PBC, 84/183 [45.9%]) did not differ 
significantly (p=0.224), semiquantitative ANA IIF inten-
sity grades differed modestly among the clinical pheno-
types (p=0.022).

Immunoglobulin profiling showed modest but statis-
tically significant increases in IgM levels in pure PBC 
patients (1.90 [1.48–2.81] g/L) compared to non-PBC 
patients (1.30 [1.00–2.10] g/L; overlap: 1.44 [1.04–2.67] 
g/L) (p=0.047), while IgG levels remained compara-
ble (p=0.276), indicating a predominance of humoral 
cholestatic immune activation over generalized hyper-
gammaglobulinemia. Liver biochemistry revealed a 
strong cholestatic burden in both pure primary biliary 
cholangitis and overlap groups. Alkaline phosphatase 
and GGT levels were markedly elevated in these pheno-
types (ALP: pure PBC 149.0 [102.5–252.8], overlap 160.0 
[126.0–261.0], non-PBC 86.0 [67.8–112.3] U/L; GGT: 
pure PBC 68.5 [30.8–200.8], overlap 87.0 [50.0–149.0], 
non-PBC 27.0 [18.0–61.0] U/L; both p<0.001), establish-
ing a clear biochemical distinction between cholestatic 
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and non-cholestatic AMA-positive patients. Transami-
nases (AST and ALT) were significantly higher in overlap 

patients (AST: pure PBC 33.5 [20.8–49.0], overlap 42.0 
[29.0–79.0], non-PBC 22.0 [17.0–29.8] U/L; ALT: pure PBC 
40.0 [21.0–52.3], overlap 45.0 [31.0–85.0], non-PBC 25.0 
[19.0–34.0] U/L; p<0.001), consistent with characteristics 
of hepatitic inflammation. Total bilirubin levels were con-
siderably elevated in overlap individuals (0.65 [0.50–0.80] 
mg/dL vs. pure PBC 0.50 [0.40–0.74] and non-PBC 0.50 
[0.40–0.66] mg/dL; p=0.029), although synthetic func-
tion measures (albumin and INR) were maintained and 
equivalent among groups, indicating a preponderance of 
early to mid-stage disease in this cohort (Table 1).

Across the entire cohort, the distribution of ANA status 
and patterns did not differ significantly among the clin-
ical phenotypes (overall p=0.098). ANA negativity was 
the most frequent category in all three groups, while 
centromere, speckled, mixed, nuclear dots, and nuclear 
envelope patterns were distributed similarly across the 
phenotypes. Overall, semiquantitative ANA IIF intensity 

Table 1. Baseline characteristics of antimitochondrial antibody-positive individuals according to clinical phenotype.

Variable Pure PBC PBC-AIH Overlap Non-PBC p-value

Age (years) 56.5 (51.0–66.0) 58.0 (52.0–66.0) 56.0 (46.0–66.0) 0.635

Sex (female), n (%) 71 (88.8%) 34 (91.9%) 156 (85.2%) 0.473

AMA IIF intensity grade (0–4+) 2.0 (1.0–3.0) 2.0 (2.0–3.0) 2.0 (1.0–2.0) 0.0002

AMA-M2 immunoblot intensity grade (0–3+) 3.0 (3.0–3.0) 3.0 (2.0–3.0) 2.0 (0.0–3.0) <0.001

ANA IIF intensity grade (0–4+) 1.0 (0.0–3.0) 2.0 (0.0–3.0) 0.0 (0.0–2.0) 0.022

IgM (g/L) 1.90 (1.48–2.81) 1.44 (1.04–2.67) 1.30 (1.00–2.10) 0.047

IgG (g/L) 13.9 (11.6–17.9) 14.2 (11.9–15.6) 12.9 (11.0–14.8) 0.276

AST (U/L) 33.5 (20.8–49.0) 42.0 (29.0–79.0) 22.0 (17.0–29.8) <0.001

ALT (U/L) 40.0 (21.0–52.3) 45.0 (31.0–85.0) 25.0 (19.0–34.0) <0.001

ALP (U/L) 149.0 (102.5–252.8) 160.0 (126.0–261.0) 86.0 (67.8–112.3) <0.001

GGT (U/L) 68.5 (30.8–200.8) 87.0 (50.0–149.0) 27.0 (18.0–61.0) <0.001

Total bilirubin (mg/dL) 0.50 (0.40–0.74) 0.65 (0.50–0.80) 0.50 (0.40–0.66) 0.029

Albumin (g/L) 43.4 (39.9–45.1) 43.8 (40.2–45.1) 44.0 (41.0–45.7) 0.357

INR 1.00 (0.98–1.06) 1.00 (0.91–1.01) 1.00 (0.95–1.00) 0.147

M2 positivity, n (%) 74 (92.5%) 28 (75.7%) 108 (59.0%) <0.001

ANA positivity, n (%) 43 (53.8%) 22 (59.5%) 84 (45.9%) 0.224

Data are presented as median (interquartile range [IQR]) for continuous variables and number (percentage) for categorical variables. AMA and ANA IIF intensity 
grades were assessed semiquantitatively from 0 (negative) to 4+ (strongest fluorescence intensity), whereas AMA-M2 immunoblot intensity was graded from 
0 (negative) to 3+ (strongest band intensity).

ALP: Alkaline phosphatase, ALT: Alanine aminotransferase, AMA: Antimitochondrial antibody, ANA: Antinuclear antibody, AST: Aspartate aminotransferase, 
GGT: Gamma-glutamyl transferase, Ig: Immunoglobulin, INR: International normalized ratio, PBC: Primary biliary cholangitis. AIH: Autoimmune hepatitis.

Table 2. Distribution of antinuclear antibody (ANA) patterns ac-
cording to clinical phenotype.

ANA pattern
Pure PBC 

n (%)
PBC-AIH Overlap

n (%)
Non-PBC

n (%)

Centromere 12 (15.0) 2 (5.4) 10 (5.5)

Speckled 7 (8.8) 5 (13.5) 21 (11.5)

Mixed 4 (5.0) 5 (13.5) 22 (12.0)

Negative 37 (46.2) 15 (40.5) 99 (54.1)

Nuclear dots 9 (11.2) 4 (10.8) 9 (4.9)

Nuclear envelope 11 (13.8) 6 (16.2) 22 (12.0)

Note: Overall χ² test, p=0.098
ANA: Antinuclear antibody, PBC: Primary biliary cholangitis, AIH: Autoim-
mune hepatitis.
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grades differed modestly among the phenotypes, whereas 
the distribution of qualitative ANA patterns did not dif-
fer significantly among the groups (Table 2). Collectively, 
these findings indicate that semiquantitative ANA IIF 
intensity grades differed modestly among the clinical 
phenotypes, whereas the distribution of qualitative ANA 
patterns did not differ significantly among the pure PBC, 
PBC-AIH overlap, and non-PBC groups (Table 2). Variance 
inflation factor analysis showed no evidence of problem-
atic multicollinearity among the variables included in 
the multivariable logistic regression model (all VIF val-
ues <5; Supplementary Table S1).

In the primary multivariable analysis excluding overlap 
cases, both M2 seropositivity and cholestatic burden 
were independently associated with the pure PBC phe-
notype in AMA-positive individuals. M2 positivity was 
strongly associated with pure PBC (adjusted OR [aOR] 
14.60, 95% CI 1.56–136.37, p=0.019). The confidence 
interval for M2 seropositivity was wide. Alkaline phos-
phatase levels, quantified in 10 U/L increments, demon-
strated an independent association, wherein each 10 U/L 
increase in ALP was associated with 18% higher odds of 
pure PBC (aOR 1.18, 95% CI 1.05–1.32, p=0.005). In con-
trast, IgM levels, AMA IIF intensity grade, age, and sex 
were not independently associated with pure PBC after 
adjustment (Table 3).

A sensitivity analysis was conducted to evaluate the 
robustness of these findings by defining the outcome as 
the PBC spectrum (pure PBC + PBC-AIH overlap) com-
pared to non-PBC AMA-positive patients. In this com-
prehensive clinical definition, ALP was independently 
correlated with disease phenotype (aOR 1.16 per 10 U/L, 
95% CI 1.06–1.27, p=0.002). Nonetheless, the effect 

size of M2 positivity diminished and became statistically 
nonsignificant (aOR 2.81, 95% CI 0.82–9.63, p=0.101), 
suggesting that the association of M2 seropositivity may 
be more specific to the pure PBC phenotype than to the 
broader PBC spectrum. These findings collectively sug-
gest that among AMA-positive individuals, cholestatic 
biochemical burden is a consistent and broad correlate 

Table 3B. Sensitivity analysis: multivariable logistic regression 
model for the PBC spectrum (pure PBC + PBC-AIH overlap) versus 
non-PBC.Table 3A. Multivariable logistic regression model for pure  

primary biliary cholangitis (PBC) versus non-PBC.

Table 3. Multivariable logistic regression analyses.

Variable aOR 95% CI p-value

M2 positivity 14.60 1.56–136.37 0.019

ALP (per 10 U/L) 1.18 1.05–1.32 0.005

 IgM (g/L) 0.88 0.48–1.60 0.678

AMA IIF intensity grade (0–4+) 1.05 0.53–2.09 0.894

Age 0.99 0.95–1.04 0.801

Sex (female) 0.46 0.05–4.16 0.491

Variable aOR 95% CI p-value

M2 positivity 2.81 0.82–9.63 0.101

ALP (per 10 U/L) 1.16 1.06–1.27 0.002

 IgM (g/L) 0.98 0.90–1.06 0.573

AMA IIF intensity grade (0–4+) 1.26 0.69–2.31 0.454

Age 1.01 0.97–1.05 0.802

Sex (female) 0.81 0.11–6.07 0.840

aOR: adjusted odds ratio, ALP: Alkaline phosphatase, AMA: Antimitochondrial 
antibody, CI: Confidence interval, IgM: Immunoglobulin M, PBC: Primary 
biliary cholangitis, AIH: Autoimmune hepatitis.

Figure 1. Receiver operating characteristic (ROC) curve of the 
multivariable model discriminating pure primary biliary cholangitis 
(PBC) from non-PBC within an AMA-positive cohort.

https://turkishimmunology.org/wp-content/uploads/2026/08/TJI-14-2-1093_SUPPLEMENTARY-1.pdf
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of disease phenotype, while M2 seropositivity is a more 
precise indicator of pure PBC (Table 3).

The discriminative performance of the primary multivari-
able model (pure PBC versus non-PBC, excluding over-
lap) was evaluated by receiver operating characteristic 
analysis. The model achieved an AUC of 0.86 (95% CI 
0.76–0.93), with a sensitivity of 69.0% and a specificity 
of 89.2% at the optimal probability threshold (Figure 1).

Discussion
Our findings suggest that AMA positivity represents an 
immunologically heterogeneous state rather than a dis-
tinct clinical phenotype. Large real-world studies have 
shown that many AMA-positive individuals do not fulfill 
criteria for established PBC at baseline, indicating that 
serologic autoreactivity and overt cholangiopathy may 
dissociate in routine practice (8,10). In our cohort, AMA 
positivity alone did not characterize a uniform clinical 
phenotype. Instead, M2 seropositivity and ALP-defined 
cholestatic burden were associated with the pure PBC 
phenotype, with good internal discrimination. This inte-
grated immune-biochemical relationship is visually sum-
marized in our conceptual framework (Figure 2).

This finding should be interpreted cautiously. Longitudi-
nal data show that many individuals with incidental AMA 
positivity, particularly those without baseline cholesta-
sis, have a relatively low medium-term risk of progres-
sion to overt PBC (10,13). Therefore, the “pure PBC” 
phenotype observed cross-sectionally is not a fixed clin-
ical entity but reflects the clinical status at evaluation. 
Conversely, cohorts enriched for AMA-M2 positivity may 
show higher rates of subsequent PBC features, suggest-
ing that risk is heterogeneous and depends on baseline 
biochemical injury and ascertainment context (3). 

Our hospital-based AMA and M2 prevalence rates should 
also be interpreted as referral-enriched estimates. Pop-
ulation-based studies report AMA positivity in approxi-
mately 0.2–0.4% of the general population, significantly 
lower than rates observed in hepatology referral cohorts 
(8,13). In a tertiary-care setting, pretest probability and 
case-mix distribution enrich the cohort for cholestatic 
and overlap phenotypes (14). Therefore, these esti-
mates should not be directly generalized to unselected 
populations.

The association between M2 seropositivity and pure 
PBC is biologically plausible but should not be overin-
terpreted. Antimitochondrial antibodies, particularly 
the M2 subtype, target mitochondrial antigens, such 
as the E2 subunit of the pyruvate dehydrogenase com-
plex (PDC-E2), and are closely linked to the humoral 
immune profile of PBC (15–18). Biliary epithelial stress 
and innate immune activation may enhance antigen 
presentation and sustain biliary-focused inflammation 
(6,19). However, our findings demonstrate an association 
rather than a causal immunopathogenic relationship. 
Furthermore, while our multivariable model confirmed 
M2 seropositivity as a strong predictor of the pure PBC 
phenotype, the wide confidence interval suggests that 
the exact magnitude of this association remains uncer-
tain. This is likely attributable to the limited number of 
M2-negative cases within our specific pure PBC cohort, 
highlighting the need for larger, multicenter studies to 
more precisely define the effect size.

Although diagnostic-accuracy studies support their 
performance in established PBC (4,20,21), PBC-specific 
autoantibodies may also be detected in individuals with-
out persistent cholestasis or in alternative conditions 
(22,23). This explains why M2 seropositivity alone was 
insufficient to characterize the broader PBC spectrum. 
In contrast, ALP remained independently associated 
with phenotype across models, functioning as a stable 
marker of cholestatic injury. This aligns with guidelines 
and outcome studies linking persistent ALP elevation to 
poorer transplant-free survival (3,24–27). Additionally, 
qualitative ANA pattern distribution did not differ signifi-
cantly among clinical phenotypes (p=0.098), indicating 
that ANA patterns alone are insufficient to discriminate 
these groups in our cohort.

Overlap syndromes represent an important source of 
clinical heterogeneity. Criteria-based definitions, includ-
ing Paris-type frameworks, are useful but may not cap-
ture the full spectrum of inflammatory cholangiopathy 
(28). Contemporary outcome data suggest that some 
clinically treated AIH-PBC variant patients respond to 
combination therapy without satisfying strict criteria 
(12). In our sensitivity analysis, the association of M2 was 
attenuated when overlap cases were included, whereas 
ALP remained significant. These findings suggest that 
M2 seropositivity is more closely associated with clas-
sical pure PBC, while PBC-AIH overlap syndromes repre-
sent a broader, heterogeneous inflammatory state.
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From a clinical perspective, the model should be viewed 
as exploratory. Although the model showed good inter-
nal discrimination, its generalizability is limited without 
an external validation cohort. The reported AUC and 
probability thresholds are internally derived and may be 
influenced by local assay platforms or patient case-mix. 
Independent, multicenter validation is required before 
routine clinical implementation.

Individuals who are AMA-positive display profound 
clinical heterogeneity, ranging from asymptomatic 

seropositivity to evolving cholestasis or overlap syn-
dromes. Accordingly, the observed immune–biochemical 
profile should be regarded as a cross-sectional repre-
sentation of disease status, which may be influenced by 
temporal changes in liver biochemistry, immune activity, 
treatment exposure, and other clinical factors. 

This study has several limitations. First, our single-cen-
ter, retrospective design in a tertiary setting introduces 
selection bias, likely enriching the cohort with complex 
or overlapping phenotypes that do not fully reflect 

Figure 2. Conceptual framework of immune-biochemical stratification in AMA-positive individuals.
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community-based AMA-positive populations. Second, 
lacking an external validation cohort, our prediction 
model remains exploratory. Its diagnostic metrics and 
probability thresholds require independent, multicenter 
validation before routine clinical application. Third, 
small sample sizes in certain subgroups, particularly ANA 
patterns, may have reduced statistical power. Conse-
quently, the prevalence estimates, observed effect sizes, 
and model performance derived from our cohort should 
not be broadly generalized. For instance, the wide con-
fidence interval observed for M2 seropositivity suggests 
limited precision and should be interpreted cautiously.

Finally, because of the cross-sectional design, our find-
ings should be interpreted as associations rather than 
evidence of causality or disease progression. Prospective 
longitudinal studies are needed to determine whether 
AMA-positive individuals maintain their phenotype over 

time or transition between non-PBC, PBC-AIH overlap, 
and pure PBC states.

Conclusion
In conclusion, AMA positivity alone was insufficient to 
define a uniform clinical phenotype in this cohort. Among 
AMA-positive individuals, the pure PBC phenotype was 
more closely associated with the combined presence of 
M2 seropositivity and elevated ALP levels, integrating 
mitochondrial-specific autoimmunity with objective bio-
chemical evidence of cholestatic injury. Compared with 
AMA status alone, this immune-biochemical framework 
may improve phenotypic stratification. However, pro-
spective longitudinal studies and external validation are 
required before this model can be adopted in routine clin-
ical practice.
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