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Abstract 
Background: Anti-mitochondrial antibodies (AMA) and the M2 subtype are considered serological hallmarks in the diagnosis of 
primary biliary cholangitis (PBC). However, these autoantibodies may be undetectable in some patients. This meta-analysis aimed 
to evaluate the diagnostic accuracy of serum AMA and M2 for PBC.

Methods: We systematically searched PubMed, Embase, Web of Science, and the Cochrane Library for relevant studies. 
Pooled sensitivity, specificity, positive likelihood ratio (LR+), negative likelihood ratio (LR−), and diagnostic odds ratio (DOR) were 
calculated using a random-effects model. We also constructed hierarchical summary receiver operating characteristic curves and 
calculated the area under the curve values.

Results: Our meta-analysis included 28 studies, of which 24 examined the diagnostic accuracy of AMA for PBC. Pooled 
sensitivity and specificity of AMA were 84% (95% confidence intervals [CI] 77–90%) and 98% (96–99%), respectively. Pooled LR+, 
LR−, and DOR were 42.2 (22.1–80.5), 0.16 (0.11–0.24), and 262 (114–601), respectively. Sixteen studies explored the diagnostic 
value of the M2 subtype, demonstrating pooled sensitivity and specificity of 89% (81–94%) and 96% (93–98%), respectively. 
Pooled LR+, LR−, and DOR were 20.3 (8.0–51.1), 0.12 (0.05–0.26), and 169 (41–706), respectively. The hierarchical summary 
receiver operating characteristic curves for both of serum AMA and M2 subtype lie closer to the upper left corner of the plot with 
area under the curve values of 0.98 (95% CI = 0.96–0.99) and 0.98 (95% CI = 0.96–0.99) respectively.

Conclusion: This meta-analysis provides evidence affirming the utility of AMA and M2 as sensitive and specific serological 
hallmarks that can facilitate early screening and diagnosis of PBC.

Abbreviations: AMA = anti-mitochondrial antibody, ALP = alkaline phosphatase, AUC = area under the curve, CI = confidence 
intervals, DOR = diagnostic odds ratios, ELISA = enzyme-linked immunosorbent assay, FN = false negatives, FP = false positives, 
HSROC = hierarchical summary receiver operating characteristic, IIF = indirect immunofluorescence, LR− = negative likelihood 
ratios, LR+ = positive likelihood ratios, PBC = primary biliary cholangitis, PDC-E2 = E2 subunit of the pyruvate dehydrogenase 
complex, TN = true negatives, TP = true positives.
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1. Introduction
Primary biliary cholangitis (PBC) is an autoimmune cholestatic 
liver disease characterized by destruction of the small intrahe-
patic bile ducts, resulting in progressive cholestasis, fibrosis, cir-
rhosis and liver failure if left untreated.[1,2] The global prevalence 
of PBC is estimated to be between 40 to 400 cases per million 
population, with a female predominance.[3]

The etiology of PBC remains poorly understood but is 
believed to involve a combination of genetic susceptibil-
ity, environmental triggers, and breakdown of immune 

tolerance.[4] The hallmark of PBC is the loss of immune tol-
erance to mitochondrial and nuclear antigens, leading to 
immune-mediated bile duct damage driven by autoreactive T 
and B cells.[5] PBC is associated with specific human leuko-
cyte antigen alleles, suggesting a genetic component, as well 
as viral triggers and molecular mimicry between microbial 
and self-proteins.[6] Abnormal apoptosis and defective clear-
ance of apoptotic debris may expose intracellular autoanti-
gens to the immune system.[7] B cells are stimulated to produce 
high-titer autoantibodies such as anti-mitochondrial antibody 
(AMA) and antinuclear antibody, while autoreactive T cells 
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accumulate in the liver, perpetuating inflammation and bile 
duct injury.[8]

The presence of AMA was first identified in the 1960s, and 
their association with PBC was initially characterized during 
that seminal period.[9,10] AMA are present in up to 95% of PBC 
patients and target components of the 2-oxoacid dehydrogenase 
complexes, particularly the E2 subunit of the pyruvate dehy-
drogenase complex (PDC-E2).[11] AMA recognizes the inner 
lipoyl domain of PDC-E2 and is highly disease-specific, making 
it a key serological marker for PBC diagnosis.[12] The predomi-
nant AMA subtype is anti-M2, directed against PDC-E2. AMA 
can be detected years before PBC diagnosis and may predict 
disease development in asymptomatic individuals.[13,14] Other 
autoantibodies found in PBC patients include anti-sp100 and 
anti-gp210, directed against nuclear body and nuclear enve-
lope proteins respectively.[15,16] Anti-gp210 and/or anti-sp100 
antibodies were highly specifically in the diagnosis of PBC.[17] 
Besides, they were reported to be associated with a more rapid 
progression to cirrhosis and liver failure, which may aid in pre-
dicting disease progression, although their exact pathophysio-
logical roles remain unclear.[15]

PBC is characterized by an elevated serum alkaline phospha-
tase (ALP), reflecting cholestasis and injury to small bile duct 
epithelial cells (cholangiocytes).[18–20] In healthy individuals, ALP 
is produced by cells in the liver, bone, intestine, placenta, and 
kidneys.[21] In cholestatic liver disease, damaged cholangiocytes 
release increased amounts of ALP into the circulation. ALP lev-
els often correlate with disease severity and can help monitor 
PBC progression and response to treatment.[22] Other commonly 
elevated liver enzymes in PBC include aspartate aminotransfer-
ase, alanine aminotransferase and gamma-glutamyl transfer-
ase.[23,24] However, ALP tends to be disproportionately elevated 
compared to other enzymes. Serum cholesterol is also frequently 
increased, while hyperbilirubinemia may occur in later stages 
due to reduced bile flow.[25,26] The European Association for the 
Study of the Liver guidelines[27] recommend annual lab monitor-
ing with liver biochemistry including ALP, bilirubin, aspartate 
aminotransferase, alanine aminotransferase, and gamma-glu-
tamyl transferase. Worsening biochemical markers over time, 
particularly ALP, indicate disease progression and need for ther-
apeutic intervention.[28–30]

Accordingly, diagnosis of PBC is based on a combination 
of the above-mentioned clinical features, biochemical abnor-
malities, detectable autoantibodies, and histologic changes. 
International guidelines such as those from the American 
Association for the Study of Liver Diseases [31] recommend that 
2 of the following criteria are met for diagnosis: Biochemical 
evidence of cholestasis based on elevated ALP; Presence of 
AMA or other PBC-specific autoantibodies such as anti-sp100 
or anti-gp210; Histologic evidence of nonsuppurative destruc-
tive cholangitis and interlobular bile duct destruction. Patients 
who are AMA-negative pose a greater diagnostic challenge and 
often require liver biopsy. Early and accurate diagnosis of PBC 
is important to prevent complications and improve long-term 
outcomes.

In short, the diagnostic significance of serum markers of 
AMA remains enigmatic and is not well established. We con-
ducted this meta-analysis to evaluate the performance of serum 
AMA and M2 subtype in the diagnosis of PBC.

2. Methods
This meta-analysis was accomplished following the recommen-
dations of Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines.[32] The authors declare 
that all supporting data are available within the article. Ethics 
approval and patient consent were not required since all anal-
yses were based on previously published studies. We registered 
our meta-analysis in PROSPERO (CRD42020189155).

2.1. Data sources and search strategy

We systematically searched PubMed, Embase, Web of Science, 
and the Cochrane Library from database inception through 
May 5, 2023 to identify relevant studies. Two investigators 
(XQL and ZWJ) independently performed the literature 
search using a combination of controlled vocabulary terms 
(e.g., Medical Subject Headings) and free-text keywords. 
The search strategy focused on the following key concepts: 
“anti-mitochondrial antibody”, “ama”, “m2”, “autoanti-
body”, “antibody”, “primary biliary cholangitis”, “primary 
biliary cirrhosis”, “pbc”, and “autoimmune liver disease”. We 
presented the specific search strings utilized for each database 
(Table S1, Supplemental Digital Content, http://links.lww.com/
MD/K671). We limited the searches to human studies published 
in English language. Conference abstracts and other gray lit-
erature were excluded. To identify additional relevant articles, 
we manually searched the reference lists of all included stud-
ies, reviews, meta-analyses, and other pertinent publications. 
The final list of articles to screen was generated by merging 
citations from both the electronic and manual searches after 
removing duplicates. Two reviewers independently screened 
the titles and abstracts of retrieved records for relevance. The 
full-text version of any article deemed potentially eligible was 
obtained and further assessed for inclusion based on the pre-
defined criteria. Any discrepancies regarding study selection 
were resolved by discussion and consensus with a third inves-
tigator acting as arbiter.

2.2. Inclusion and exclusion criteria

We included studies that met the following predefined eligibility 
criteria:

 (1) Participants had a diagnosis of PBC established using 
accepted international criteria, such as the guidelines 
from European Association for the Study of the Liver[27] or 
American Association for the Study of Liver Diseases,[31] 
or through clinical diagnosis based on the combination 
of histological findings, biochemical liver function tests, 
imaging, and clinical features.

 (2) The diagnostic accuracy of serum AMA and/or M2 sub-
type was evaluated.

 (3) Sensitivity and specificity of AMA or M2 for diagnosing 
PBC were reported, or sufficient data (such as true posi-
tives [TP], false positives [FP], false negatives [FN], and 
true negatives [TN]) were presented to allow us to indi-
rectly calculate sensitivity and specificity.

 (4) Sample size was at least 20 PBC cases. For multiple pub-
lications using the same case series, the study with the 
largest sample or most recent data was selected.

 (5) Published in English language.

We excluded studies that met the following criteria:

 (1) Did not have adequate clinical data to confirm a PBC 
diagnosis.

 (2) Had overlapping datasets with other included studies.
 (3) Did not report sufficient information to allow calculation 

of diagnostic accuracy.
 (4) Had a sample size < 20 PBC patients.
 (5) Were publications types such as letters, editorials, reviews, 

case reports, conference abstracts, or nonhuman studies.

2.3. Data extraction and quality assessment

The reference management software EndNote X8 (Thomson 
Reuters, New York, NY) was used to manage records retrieved 
from electronic searches. The full-text versions of all publi-
cations that potentially qualified for the meta-analysis were 
scanned in detail by 2 independent investigators according to 
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the predefined inclusion and exclusion criteria. The decision 
to include a study was made by consensus, and discrepancies 
between the 2 investigators at any stage of the study selection 
process were arbitrated by a third reviewer and resolved upon 
consensus. The following data were included: the first author, 
publication year, study location, number of patients, ethnicity, 
age, diagnostic criteria for PBC, antibody type, detection meth-
ods, and quality assessment score. The test results were extracted 
including TP, FP, FN, and TN. We evaluated critically the risk of 
bias and applicability based on the revised Quality Assessment 
of Diagnostic Accuracy Studies tool with 4 key domains includ-
ing patient selection, index text, reference standard, and flow 
and timing.[33]

2.4. Statistical analysis

All statistical analyses were performed using StataSE version 
17.0 (StataCorp, College Station, TX). The diagnostic accuracy 
of serum AMA and M2 for PBC was evaluated by generating 
forest plots of pooled sensitivity, specificity, positive likelihood 
ratio (LR+), negative likelihood ratio (LR−), and diagnostic 
odds ratio (DOR) with corresponding 95% confidence inter-
vals (CIs). We also constructed hierarchical summary receiver 
operating characteristic (HSROC) curves to assess overall 
diagnostic performance. HSROC curves and corresponding 
area under the curve (AUC) demonstrate the inverse relation-
ship between sensitivity and specificity by plotting the trade-off 
between these measures. Pooled estimates were calculated using 
a bivariate random-effects model based on the DerSimonian-
Laird method. Heterogeneity was evaluated using the I2 statistic, 

with values ≤ 25%, ≤50% and ≤ 75% indicating low, moderate 
and high inconsistency between studies, respectively. To explore 
potential sources of heterogeneity, we performed subgroup anal-
yses and random-effects meta-regression based on study-level 
covariates including sample size, geographical location, publica-
tion year, and test method. Sensitivity analyses were conducted 
by excluding individual studies to evaluate their influence on 
overall results. Publication bias was assessed through Deeks’ 
asymmetry test and Egger regression test.[34] All statistical tests 
were 2-sided and P < .05 was considered statistically significant.

3. Results

3.1. Characteristics of the included studies

A comprehensive search in the mentioned databases yielded a 
total of 4483 studies. After removing duplicates, 3050 studies 
remained. Subsequently, 1585 records were excluded as they 
were not relevant to our study, leaving us with 1465 articles. 
Further refinement led to the exclusion of 775 records, catego-
rized as follows: 169 conference abstracts, 223 case reports, 22 
duplications with the same samples, and 361 other studies. After 
thorough evaluation of the full-text, 690 records were consid-
ered eligible for our meta-analysis. Eventually, 28 articles were 
selected to be included in the current study, and there were no 
disagreements between the 2 investigators. For a visual repre-
sentation of the study selection process, please refer to Figure 1.

Regarding the baseline age in the selected studies, partici-
pants ages ranged from 22 to 88 years. The presence of AMA 
was detected in 24 studies using various methods, including 
indirect immunofluorescence (IIF) in 20 studies, enzyme-linked 
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immunosorbent assay (ELISA) in 3 studies, and in 1 study, the 
method was not reported. On the other hand, the sensitivity and 
specificity of the M2 subtype were reported in 16 articles, using 
ELISA in 12 studies, ELISA and Western blot in 1 study each, 
and the methods were not reported in 2 studies. These studies 
were conducted across different countries, with representation 
from America (2 studies), China (8 studies), France (2 studies), 
Greece (1 study), Italy (4 studies), Japan (4 studies), and 1 multi-
center study. Additionally, there was 1 study each from Canada, 
Korea, Spain, Tunisia, Colombia, and the UK.

To assess the quality of the included studies, Quality 
Assessment of Diagnostic Accuracy Studies scores were 
employed, with the studies ranging from 5 to 8, indicating a 
moderately high quality overall. The main characteristics of the 
selected studies can be found in Table 1.

3.2. Overall diagnostic accuracy

Out of the 28 studies that met the inclusion criteria, 24 of them 
identified the presence of AMA in both PBC patients and con-
trols. The pooled sensitivity and specificity were calculated to be 
84% (95% CI = 77%–90%) and 98% (95% CI = 96%–99%), 
respectively. However, the Q tests for pooled sensitivity and 
specificity indicated significant heterogeneity among the studies, 
with I2 values of 92.26 (95% CI = 90.07–94.46) for sensitiv-
ity and 94.55 (95% CI = 93.16–95.94) for specificity (P = .00) 
(Fig.  2A). The pooled LR+, LR-, and DOR were 42.2 (95% 
CI = 22.1–80.5), 0.16 (95% CI = 0.11–0.24), and 262 (95% 
CI = 114–601), respectively. We displayed a detailed overview 
of the raw data, including TP, FP, FN, and TN, as well as the 
diagnostic accuracy of serum AMA for each individual study 
(Table S2, Supplemental Digital Content, http://links.lww.com/
MD/K672).

Regarding the detection of M2, a total of 16 articles reported 
on this subtype. The meta-analysis demonstrated a pooled 
sensitivity and specificity of 89% (95% CI = 76%–95%) 
and 96% (95% CI = 90%–98%), respectively. Similar to the 
AMA analysis, significant heterogeneity was found among the 
studies, as evidenced by Q tests with I2 values of 98.29 (95% 
CI = 97.92–98.67) for sensitivity and 94.39 (95% CI = 92.60–
96.17) for specificity (P = .00) (Fig. 2B). The pooled LR+, LR-, 
and DOR were calculated to be 20.3 (95% CI = 8.0–51.1), 
0.12 (95% CI = 0.05–0.26), and 169 (95% CI = 41–706), 
respectively. The detailed data and diagnostic performance 
of serum M2 subtype for each study were also demonstrated 
(Table S3, Supplemental Digital Content, http://links.lww.com/
MD/K673).

Furthermore, the diagnostic accuracy of individual studies 
was visually represented in a HSROC plot. In the HSROC curve, 
the pooled sensitivity and specificity were indicated by the sum-
mary operating point, while the 95% CI of both pooled and 
individual sensitivity and specificity were circled by the 95% 
Confidence Contour and the Prediction Contour. The HSROC 
curve for quantitative AMA and M2 demonstrated high accu-
racy, with the AUC being 0.98 (95% CI = 0.96–0.99) for both 
AMA and M2, suggesting excellent diagnostic performance for 
PBC (Fig. 3).

3.3. Heterogeneity analysis and publication bias

To investigate the potential sources of heterogeneity in our 
study, we conducted meta-regression analysis since the I2 values 
of the pooled sensitivity and specificity exceeded 50%. Various 
subgroups were defined based on sample size (< or more than 
200), ethnicity (African, Asian, Caucasian, or multicenter), 
study period (published before or after 2010), and the detection 

Table 1

Main characteristics of included studies.

Author Year Age Study location Criteria Antibody Methods QUADAS-2 

Assassi[1] 2009 62.7 ± 7.81 America Clinical features* AMA/M2 IIF/ELISA 6
Bandin[2] 1996 NR France NR AMA IIF 8
Bargou[3] 2008 58.9 ± 13.4 Tunisia NR AMA/M2 IIF/ELISA 7
Cavazzana[4] 2011 48 ± 11.7 Italy EASL AMA IIF 8
Chung[5] 2016 53 (32–72) UK NR AMA ELISA 6
Dighiero[6] 1987 NR France NR AMA/M2 IIF/ELISA 5
Gabeta[7] 2007 62 (19–87) Greece Clinical features* AMA/M2 IIF/ELISA 8
Guatibonza-García[8] 2021 56.9 ± 10.2 Colombia Biopsy AMA IIF 5
Han[9] 2017 56.9 (28–85) Korea AASLD 2009 AMA/M2 IIF/ELISA 8
Hu[10] 2011 54.0 (46–60.3) China AASLD 2000 AMA/M2 IIF/ELISA 6
Imura-Kumada[11] 2012 56.7 ± 8.4 Japan NR M2 ELISA 7
Jong-Hon[12] 2001 NR Japan NR AMA IIF 6
Lee[13] 1983 NR America Clinical features* AMA IIF 5
Liu and Liu[14] 2010 55 ± 15 China EASL AMA IIF 7
Liu and Norman[15] 2010 NR Multicenter† EASL AMA IIF 6
Lu[16] 2017 52.94 ± 1.49 China AASLD 2009 M2 NR 7
Milkiewicz[17] 2009 48 ± 2 Canada Clinical features* M2 ELISA 6
Muratori[18] 2004 58.1 ± 14 Italy Clinical features* AMA/M2 IIF/ELISA/WB 7
Nagai[19] 1983 NR Japan Clinical features* AMA/M2 IIF/ELISA 5
Oertelt[20] 2007 67 (35–82) Italy Clinical features* AMA ELISA 7
Romero-Gómez[21] 2004 55.4 ± 12.5 Spain Clinical features* AMA IIF 8
Sakugawa[22] 2003 22–88 Japan Clinical features* AMA IIF 8
Sun[23] 2019 32–76 China AASLD 2009 AMA/M2 IIF/WB 7
Tang[24] 2017 45 (19–61) China AASLD 2009 M2 ELISA 8
Villalta[25] 2015 41.1 (2–87) Italy AASLD 2009 AMA/M2 IIF/Line blot 7
Wang[26] 2015 52 (44–77) China AASLD 2009 AMA/M2 ELISA/ELISA 7
Yang J[27] 2016 56.89 ± 9.87 China EASL AMA/M2 NR/NR 8
Yang Z[28] 2012 56 ± 12 China AASLD 2009 AMA IIF 7

AASLD = the American Association for the Study of Liver Diseases, AMA/M2 = anti-mitochondrial antibody/M2 subtype, AU = arbitrary units, EASL = European Association for the Study of the Liver, ELISA 
= enzyme-linked immunosorbent assay, IIF, indirect immunofluorescence, NR = not reported, WB = Western blot.
* Including histological findings, biochemical liver function tests, imaging, or clinical features.
† Including United States, Canada, United Kingdom, Greece, Italy, Japan.

http://links.lww.com/MD/K672
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assay used for AMA (IIF or non-IIF) and M2 (ELISA or non-
ELISA). The results of the meta-regression revealed that sample 
size (P < .001) and study period (P < .001) were potential con-
tributors to heterogeneity for the pooled sensitivity and spec-
ificity in AMA, as depicted in Figure  4A. As for M2, sample 
size (P < .001) and detection assay (P < .001) were identified as 
potential sources of heterogeneity for the pooled sensitivity, as 
shown in Figure 4B. However, it is important to interpret these 
findings with caution.

To further assess the impact of individual studies on the 
heterogeneity in our meta-analysis, we conducted a sensitivity 
analysis by iteratively removing each study. The results indi-
cated that the omission of single-study estimates had mini-
mal influence on the overall diagnostic accuracy (Figure S1, 
Supplemental Digital Content, http://links.lww.com/MD/K674). 
Additionally, we examined publication bias using Deeks’ funnel 
plot asymmetry test. The results indicated no apparent publica-
tion bias (Figure S2, Supplemental Digital Content, http://links.
lww.com/MD/K675). Furthermore, the Egger test suggested that 

our meta-analysis for AMA demonstrated stability and consis-
tency (β = 1.07, 95% CI = −0.584 to 2.723, P = .193). However, 
for M2, there was significant publication bias (β = 3.342, 95% 
CI = 1.998–4.686, P < .05).

4. Discussion
This meta-analysis of 28 studies assessed the sensitivity and 
specificity of AMA and M2 for the diagnosis of PBC. The 
pooled results demonstrated that these antibodies have a favor-
able accuracy for PBC diagnosis, with pooled sensitivity and 
specificity of 85%, 98%, and 89%, 96%, respectively. The cor-
responding AUCs were 0.98 for both AMA and M2, suggesting 
excellent diagnostic performance for PBC. The pooled LR + and 
LR- for AMA were 46.2 and 0.15, indicating that a positive 
AMA result was nearly 46 times more likely in a person with 
PBC compared to a person without the disease, and a negative 
AMA result reduced the probability of diagnosing PBC to 15%. 
Similarly, there was slightly inferior diagnostic performance 

Figure 2. Forest plots of pooled sensitivity and specificity. (A) Pooled sensitivity (left) and specificity (right) of AMA with 95% confidence intervals (95% CIs), (B) 
pooled sensitivity (left) and specificity (right) of M2 subtype with 95% CIs. AMA = anti-mitochondrial antibody.

Figure 3. The hierarchical summary receiver operating characteristic (HSROC) curve in PBC diagnosis. (A) AMA, (B) M2 subtype. AMA = anti-mitochondrial 
antibody, PBC = primary biliary cholangitis.

http://links.lww.com/MD/K674
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for M2 subtype, with pooled LR + and LR− of 20.3 and 0.12, 
respectively. These results, combined with the pooled sensitivity 
and specificity, can be used to distinguish PBC from other liver 
diseases or healthy controls. These findings were consistent with 
the previous studies that there were significant higher positivity 
of serum AMA and M2 identified in cases with PBC compared 
with the controls.[35]

Despite the encouraging results, there was considerable vari-
ation in sensitivity (43.8%–100% for AMA detection, 52.0%–
100% for M2 determination) and specificity (83.3%–100% 
for AMA detection, 76.5%–100% for M2 detection) across 
individual studies.[36–59] Heterogeneity is a potential problem in 
meta-analysis that can affect the validity of results in a system-
atic review and needs to be quantified.[60] Thus, we performed 
meta-regression based on the classification of sample size, eth-
nicity, study period, and detection assay for AMA and M2. The 
results showed that for the detection of both AMA and M2 
subtype, there was significantly lower sensitivity in studies with 
small sample sizes compared with studies with large sample 
sizes. Similarly, specificity for diagnosing PBC was influenced 
by publication year in the detection of AMA and detection 
method in M2 examination. We suspect that this is likely due 
to variable sensitivity and specificity in different detection meth-
ods and the instability of results from small sample size studies. 
Additionally, we conducted sensitivity analysis by sequentially 
excluding individual studies. We also performed Deeks funnel 
plot asymmetry test and Egger test to explore outliers and pub-
lication bias, with the results confirming the relative robustness 
of our meta-analysis.

The pathogenesis of PBC is complex and involves a combi-
nation of genetic, environmental, and immunological factors.[1] 
The hallmark of the disease is the loss of immune tolerance to 
mitochondrial and nuclear antigens, leading to immune-medi-
ated damage to the bile ducts.[61] While the exact mechanisms 
underlying the production of AMA and M2 subtype are not 
fully understood, it is believed that abnormal apoptosis and 

defective clearance of apoptotic debris may expose intracel-
lular autoantigens to the immune system, leading to the pro-
duction of autoantibodies.[62] AMA targets components of the 
2-oxoacid dehydrogenase complexes, particularly PDC-E2, 
which is highly specific to PBC.[63] Similarly, the M2 subtype 
is directed against PDC-E2 and is the most PBC-specific AMA 
subtype.[63] The diagnostic value of AMA and M2 lies in their 
high sensitivity and specificity for PBC, making them valuable 
tools for screening and ruling out other liver diseases. On the 
other hand, despite these advancements, the diagnosis of PBC 
can still be challenging due to the overlap of these markers 
in other liver diseases.[64] For example, the presence of these 
autoantibodies is not pathognomonic for PBC, they have been 
reported in various other liver conditions, including chronic 
active hepatitis and cryptogenic cirrhosis, which may lead to 
false positives in PBC diagnosis.[65,66] To ensure accurate diag-
nosis, international guidelines recommend the use of specific 
diagnostic criteria, including biochemical evidence of cholesta-
sis based on elevated ALP levels and the presence of AMA or 
other PBC-specific autoantibodies.[27,31] Additionally, histologic 
evidence of nonsuppurative destructive cholangitis and inter-
lobular bile duct destruction is often required to confirm the 
diagnosis, especially in AMA-negative cases.[67] However, these 
guidelines also acknowledge the limitations of AMA and M2 
subtype, and the need for careful interpretation in certain clin-
ical contexts.[27,31]

Several knowledge gaps remain regarding the optimal use of 
AMA and M2 testing for PBC diagnosis and disease monitor-
ing, especially the clinical features and optimal management of 
these patients require further elucidation.[68] Long-term studies 
are needed to determine whether changing autoantibody levels 
predict treatment response and prognosis.[69] Future guidelines 
would benefit from head-to-head comparisons of testing modal-
ities to standardize protocols and reference ranges. Additional 
research should also clarify the mechanisms of autoantibody 
production in PBC and their potential utility as biomarkers 

Figure 4. The meta-regression analysis. (A) AMA, (B) M2 subtype. AMA = anti-mitochondrial antibody.
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for early diagnosis or screening asymptomatic individuals.[70] 
Regarding the detection methods for AMA and M2, the vari-
ability across studies highlights the need for standardized, evi-
dence-based guidelines to enable accurate and consistent PBC 
diagnosis worldwide.

Some limitations should be considered when interpreting 
the findings. First, restricting our search to only 4 databases 
and English articles may have excluded relevant studies and 
introduced language bias. Second, variability in the diagnostic 
criteria used as reference standards could have led to misclassi-
fication, especially for borderline cases relative to current guide-
lines. Third, the use of different detection methods for AMA and 
M2 across studies likely contributed to heterogeneity in results. 
Head-to-head comparisons of testing modalities are needed 
to identify optimal approaches. Fourth, most included studies 
comprised Asian and Caucasian populations, limiting general-
izability to other ethnicities that should be evaluated in future 
research. Finally, evidence of publication bias suggests selective 
reporting may have inflated accuracy estimates in some studies. 
However, we conducted a comprehensive literature search and 
applied predefined strict inclusion criteria to ensure all partici-
pants had definitively diagnosed PBC per accepted guidelines or 
typical presentation. We also used multiple independent review-
ers for study selection, data extraction, and quality assessment 
with validated tools to minimize risk of bias. Thus, the reliabil-
ity and objectivity of the results are reasonably assured.

In summary, this comprehensive meta-analysis found that 
AMA and M2 antibodies demonstrate high diagnostic accu-
racy for PBC. However, clinicians should interpret serological 
results in the full clinical context, considering clinical features, 
other antibodies, and histological findings. Further research is 
required to establish standardized testing guidelines, elucidate 
the variability of autoantibody levels over disease course, and 
identify potential novel biomarkers.
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