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A B S T R A C T

Introduction and Objectives: The long-term clinical significance of anti-mitochondrial antibody (AMA)-posi-

tive patients with normal liver enzymes remains unclear. Despite increasing detection of AMA positivity in

asymptomatic individuals, clinicians lack evidence-based protocols for long-term surveillance, and guide-

lines offer no clear recommendations. This study, the largest of its kind, investigates the natural history, prog-

nostic implications, and risk factors for disease progression in this population.

Materials and Methods: We conducted a retrospective cohort study using a national healthcare database to

identify adults (aged 18 years or older) with a positive AMA and normal alkaline phosphatase (ALP) levels

between 2002 and 2023. Demographics, laboratory data, and liver-related outcomes were assessed. Multi-

variate logistic and Cox regression models were used to evaluate predictors of primary biliary cholangitis

(PBC), cirrhosis, and hepatic complications.

Results: Among 1018 patients (median follow-up 6.3 years (IQR 2.5−11.5), 76 (7.5 %) developed PBC and 30

(2.9 %) progressed to cirrhosis. Liver-related complications were infrequent: esophageal varices (1.1 %), asci-

tes (1.8 %), hepatocellular carcinoma (0.2 %), and liver transplantation (0.1 %). Higher AMA titers were

strongly associated with increased risk of PBC, cirrhosis, and complications, showing a clear titer-dependent

gradient. Longitudinal analysis also demonstrated titer-associated increases in ALP and bilirubin over time.

Conclusions: AMA-positive individuals with normal liver enzymes typically experience a benign clinical

course. However, high AMA titers identify a subgroup at increased risk for progression to PBC and advanced

liver disease. These findings underscore the importance of risk-stratified surveillance strategies in clinical

practice, guiding healthcare professionals in the management of their patients.

© 2025 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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11. Introduction

2Primary biliary cholangitis (PBC) is a chronic autoimmune liver

3disease characterized by progressive destruction of small intrahepatic

4bile ducts, leading to cholestasis, fibrosis, and potentially cirrhosis or

5liver failure. It predominantly affects middle-aged women and is the

6most common chronic cholestatic liver disease in adults, with an esti-

7mated prevalence ranging from 1.9 to 40.2 per 100,000 individuals [1

8−4]. While many patients are asymptomatic at diagnosis, some

9develop complications such as portal hypertension, hepatic decom-

10pensation, or hepatocellular carcinoma [5,6].

11Anti-mitochondrial antibodies (AMA), specifically directed against

12the E2 component of the pyruvate dehydrogenase complex (PDC-E2),

13are the hallmark serologic marker of primary biliary cholangitis

14(PBC), present in 90−95 % of affected individuals [7−10]. AMA
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15 positivity alone, however, is not synonymous with PBC. PBC is diag-

16 nosed based on the presence of at least two of the following features:

17 a persistent elevation of serum alkaline phosphatase (ALP) for at least

18 six months, anti-mitochondrial antibody (AMA) positivity at a titer of

19 ≥1:40 or AMA-M2 reactivity by ELISA, and liver histology consistent

20 with non-suppurative destructive cholangitis involving the interlob-

21 ular bile ducts [11,12].

22 With the increasing use of broad autoantibody screening, AMA

23 positivity is being detected in individuals without liver enzyme

24 abnormalities. AMA are detectable in 0.5 % to 3.8 % of the general

25 population, with high-titer positivity reported in approximately 1 %.

26 Prevalence is notably higher among individuals with autoimmune or

27 rheumatologic diseases, particularly systemic sclerosis, Sj€ogren’s syn-

28 drome, and lupus, as well as among first-degree relatives of patients

29 with primary biliary cholangitis, where rates may exceed 10 %

30 [13,14]. Some AMA-positive individuals with normal liver biochemis-

31 try have been shown to harbor histological features consistent with

32 early PBC, raising concern for subclinical disease and future risk of

33 progression. However, the natural history, clinical significance, and

34 long-term prognosis of this group remain poorly defined [15].

35 Small studies have suggested that AMA-positive individuals with

36 normal ALP may represent a heterogeneous population. A minority

37 may progress to PBC, especially those with higher AMA titers or ele-

38 vated IgM levels [16], while the majority remain clinically stable.

39 Reported rates of PBC development in this population vary widely,

40 from as low as 0.5 % over five years to as high as 76 % over longer fol-

41 low-up in highly selected cohorts [17]. Nevertheless, most prior stud-

42 ies have been limited by small sample sizes, short follow-up

43 durations, or inconsistent risk stratification [18].

44 Current guidelines provide limited recommendations for the

45 management or surveillance of AMA-positive individuals with nor-

46 mal liver enzymes [19]. Despite increasing detection of AMA positiv-

47 ity in asymptomatic individuals, clinicians lack evidence-based

48 protocols for long-term management, leading to potential under- or

49 over-surveillance. The present study addresses this gap by evaluating

50 the clinical course of AMA-positive patients with normal liver

51 enzymes over 20 years in a large national healthcare database. We

52 hypothesized that most AMA-positive patients with normal liver

53 enzymes have a benign course, but higher AMA titers identify a sub-

54 group at increased risk for progression. We aimed to assess the inci-

55 dence of PBC and advanced liver disease and identify predictors that

56 could inform risk-stratified monitoring and clinical decision-making.

57 2. Materials and methods

58 2.1. Ethical approval

59 The study was approved by the Institutional Review Board of Cla-

60 lit Health Services, which granted a waiver of written informed con-

61 sent owing to the retrospective, noninterventional design and use of

62 anonymized, encoded data.

63 2.2. Data source

64 This retrospective cohort study utilized the comprehensive elec-

65 tronic medical record (EMR) database of Clalit Health Services (CHS),

66 Israel’s largest Health Maintenance Organization (HMO), which

67 serves approximately 4.8 million members. CHS operates a nation-

68 wide network of 14 hospitals and approximately 1500 outpatient

69 clinics, laboratories, imaging centers, and pharmacies. The EMR sys-

70 tem aggregates data from primary care physicians, specialty clinics,

71 hospital admissions, laboratory results, and pharmacy transactions.

72 Chronic disease diagnoses were recorded using validated algorithms

73 based on the International Classification of Diseases, Ninth Revision

74 (ICD-9).

752.3. Study design and population

76The study included adult patients (aged 18 years or older) with a

77positive anti-mitochondrial antibody (AMA) test and normal alkaline

78phosphatase (ALP) levels between 2002 and 2023. Normal ALP was

79defined as below 130 IU/L (based on institutional laboratory stand-

80ards) within three months of the first positive AMA result. To ensure

81cross-laboratory consistency, a unified ALP upper limit of 130 U/L

82was applied across sexes. Recognizing the lower reference range typi-

83cally observed in women, yearly mean ALP values were additionally

84calculated for female patients with multiple measurements to miti-

85gate transient fluctuation bias. This approach is now acknowledged

86as a limitation with possible minimal misclassification in women.

87The date of the first recorded positive AMA test, from any source,

88was established as the index date for each patient. To ensure accurate

89longitudinal analysis, only patients with complete follow-up data

90were included, defined as having at least one additional ALP mea-

91surement and clinical encounter (visit, lab result, or diagnosis code)

92following the index date. The end of follow-up was defined as the

93date of the last available ALP measurement in the EMR system.

94PBC was diagnosed according to international guidelines, requir-

95ing at least two of the following criteria: (1) ALP >1.5£ULN persist-

96ing for >6 months, (2) AMA positivity, and (3) compatible liver

97histology when available. Cirrhosis was defined based on one or

98more of the following: (1) imaging findings consistent with cirrhosis

99or portal hypertension, (2) liver stiffness >16.9 kPa by elastography,

100(3) histological confirmation when available, or (4) clinical complica-

101tions such as ascites, variceal bleeding, or hepatic encephalopathy.

1022.4. Exclusion criteria

103Included patients younger than 18 years, those with negative

104AMA test results, those with ALP levels greater than 130 IU/L follow-

105ing AMA positivity, and those with a preexisting diagnosis of primary

106biliary cholangitis (PBC) at or before the index date. In addition,

107patients with preexisting diagnoses of liver disease due to hepatitis B

108virus (HBV) infection, hepatitis C virus (HCV) infection, HIV infection,

109excessive alcohol consumption, hemochromatosis, Wilson’s disease,

110a1-antitrypsin deficiency, celiac disease, uncontrolled hyperthyroid-

111ism, autoimmune hepatitis, or cirrhosis and its complications before

112the index date were excluded.

1132.5. Outcomes

114The primary outcome was the development of primary biliary

115cholangitis (PBC) or cirrhosis during the follow-up period. The pri-

116mary outcome was defined as the development of primary biliary

117cholangitis (PBC) or cirrhosis, as determined by standardized diag-

118nostic criteria and confirmed by review of electronic medical

119records. Secondary outcomes included the incidence of liver-related

120complications, specifically hepatocellular carcinoma (HCC), ascites,

121hepatic encephalopathy, esophageal varices, spontaneous bacterial

122peritonitis (SBP), portal vein thrombosis (PVT), hepatorenal syn-

123drome, and liver transplantation (LT).

1242.6. Data collection

125Data extracted from the CHS database included demographic

126information (age and gender), baseline and follow-up laboratory

127parameters (alanine aminotransferase [ALT], aspartate aminotrans-

128ferase [AST], gamma-glutamyltransferase [GGT], alkaline phospha-

129tase [ALP], albumin, bilirubin, creatinine, urea, international

130normalized ratio [INR], prothrombin time [PT], partial thromboplas-

131tin time [PTT], hemoglobin, white blood cell [WBC] count and platelet

132count), initial and follow-up AMA titers, and the occurrence of prede-

133fined liver-related complications.
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134 2.7. Statistical analysis

135 Descriptive statistics were used to summarize the study popula-

136 tion’s demographic and clinical characteristics and calculate the inci-

137 dence of liver-related complications. Comparative analyses were

138 conducted using chi-square tests for categorical variables and inde-

139 pendent t-tests for continuous variables to assess differences

140 between patients who developed significant liver disease and those

141 who did not. Multivariate logistic regression analysis was performed

142 to adjust for potential confounders, including age and gender, and to

143 evaluate the independent association between AMA positivity with

144 normal ALP and the development of liver disease. Additionally, sur-

145 vival analyses using Kaplan-Meier curves and Cox proportional haz-

146 ards models were undertaken to assess time-to-event outcomes for

147 liver-related complications, adjusting for relevant covariates. The sta-

148 tistical analyses were performed using SAS Enterprise Guide 8.3 soft-

149 ware (SAS Institute Inc., Cary, NC, USA). P-value<0.05 was considered

150 statistically significant.

151 3. Results

152 3.1. Patient characteristics and AMA titer distribution

153 Between 2022 and 2023, 1018 patients with positive AMA and

154 normal liver enzymes were identified at Clalit Medical Centers,

155 excluding those with concomitant liver disease. Of the 1018 patients,

156 459 (45.1 %) underwent titer testing. The AMA titer distribution and

157 stratification across demographic subgroups are detailed in Table 2:

158 288 patients (28.3 %) had a titer of 1:40; 148 (14.5 %) had 1:80; 77

159 (7.6 %) had 1:160; 44 (4.3 %) had 1:320; and 2 (0.2 %) had titers above

160 1:320. Notably, the small sample size of only two patients in the

161 >1:320 group limits the statistical reliability of the findings in this

162 subgroup.

163 The median follow-up period after AMA positivity was 6.3 years (1

164 −22.7 years). The median age at diagnosis was 57 years (range, 18

165 −93), with 85.3 % of patients being female. Only 30 patients (2.9 %)

166 progressed to cirrhosis, with a mean time to development of 7.5 years

167 (median: 6.3 years) (Table 1).

168 3.2. Liver disease progression and complications

169 During the follow-up period, liver disease complications were

170 observed in a minority of patients. Among the 571 AMA-positive

171 patients with normal liver enzymes at baseline, 12 (2.1 %) developed

172 cirrhosis-related complications, and LT was required in a single

173 patient (0.1 %) over the follow-up period (Table 2). The incidence of

174 the composite outcome slightly increased with age groups, ranging

175 from 1.4 % to 4.5 %, except in the oldest age group (>80 years), where

176 the incidence reached 50 %. However, this subgroup included only

177 two patients.

178 The average time to event was 7.1 years (SD 5.1), with a median of

179 6.1 years (IQR 2.0−10.8).

180 In the overall cohort (N = 559), the median follow-up time was

181 5.7 years (SD, 5.1), with a median of 3.8 years (IQR, 1.5−8.6). Longer

182 follow-up durations were observed in the older age groups, with a

183 mean time of 11.9 years in patients aged 70−79 and 11.1 years in

184 those aged 80 and above.

185 3.3. PBC diagnosis and association with AMA titers

186 During follow-up, 76 patients (7.5 %) were diagnosed with PBC,

187 with a mean time to diagnosis of 7.4 years (median: 6.2 years).

188 Among those who underwent titer testing, higher AMA titers were

189 strongly associated with an increased risk of PBC development.

Table 1

Demographic characteristics of the study population. Demo-

graphic distribution of the study cohort, including age at diagnosis,

gender and socioeconomic status (SES). Age is reported as mean,

standard deviation (SD), quartiles (Q1, median, Q3) and range (mini-

mum−maximum). Gender is shown as male and female. SES is classi-

fied as high, medium, low, or unspecified. Data are presented as

absolute numbers (N) and percentages (%).

Characteristic N (%)

Age at diagnosis (Mean) 56.0§ 15.5 [18−93]

Age group: 18−30 69 (6.8 %)

Age group: 30−40 119 (11.7 %)

Age group: 40−50 150 (14.7 %)

Age group: 50−60 248 (24.4 %)

Age group: 60−70 241 (23.7 %)

Age group: ≥70 191 (18.8 %)

Gender: Female 868 (85.3 %)

Gender: Male 150 (14.7 %)

SES: High 419 (41.2 %)

SES: Medium 293 (28.8 %)

SES: Low 247 (24.3 %)

SES: Unspecified 59 (5.8 %)

Median follow-up (years, IQR) 6.3 (2.5−11.5)

Cirrhosis (incident cases) 30 (2.9 %)

Primary biliary cholangitis (PBC) 76 (7.5 %)

Esophageal varices 11 (1.1 %)

Ascites 18 (1.8 %)

Hepatorenal syndrome 2 (0.2 %)

Portal vein thrombosis 2 (0.2 %)

Bacterial peritonitis 3 (0.3 %)

Malignant neoplasm 2 (0.2 %)

Liver transplantation 1 (0.1 %)

Composite endpoint* 27 (2.7 %)

Table 2

Demographic characteristics stratified by anti-mitochondrial antibody (AMA)

titer categories. Demographic variables of the study population stratified by AMA

titer. Age at diagnosis is summarized by mean, SD, interquartile range (Q1, median,

Q3) and range. Age group distribution is presented in six categories (18−30, 30−40,

40−50, 50−60, 60−70, and ≥70 years). Gender and SES (high, medium, low, unspeci-

fied) are provided as N and %.

Parameter 1:40 1:80 1:160 1:320 >1:320

Total Patients (N) 288 148 77 44 2

Age at Diagnosis (Mean) 56.8 56.5 58.0 53.9 58.9

Age at Diagnosis (Std) 15.3 16.1 13.6 15.1 15.4

Age group: 18−30 (%) 5.5 7.3 2.7 5.2 4.5

Age group: 30−40 (%) 11.6 11.5 9.5 19.5 6.8

Age group: 40−50 (%) 14.7 13.9 15.5 13.0 18.2

Age group: 50−60 (%) 24.2 21.9 29.7 24.7 20.5

Age group: 60−70 (%) 23.8 25.7 20.9 22.1 25.0

Age group: ≥70 (%) 20.2 19.8 21.6 15.6 25.0

Gender: Female (%) 89.1 87.8 91.9 88.3 88.6

Gender: Male (%) 10.9 12.2 8.1 11.7 11.4

SES: Low (%) 3.0 2.4 4.7 1.3 4.5

SES: Medium (%) 29.3 32.6 27.7 24.7 20.5

SES: High (%) 52.4 48.3 55.4 57.1 61.4

Mean Years since AMA positivity 7 5.7 7.9 7.6 11.3

Standard Deviation (Years) 5.5 5 4.9 5.3 7.3

Cirrhosis Follow-up (%) 2.7 0.7 2 5.2 11.4

Esophageal Varices Follow-up (%) 0.7 0 0.7 1.3 4.5

Ascites Follow-up (Ascites%) 1.6 0.7 0.7 3.9 4.5

HRS Follow-up (%) 0.2 0.0 0.0 0.0 2.3

Liver Transplant Follow-up (%) 0.2 0.0 0.0 0.0 2.3

Malignant Neoplasm Follow-up (%) 0.2 0.0 0.0 0.0 0

PV Thrombosis Follow-up

(Thrombosis%)

0.4 0.7 0.0 0.0 0.0

SBP Follow-up (Bacterial Peri-

tonitis%)

0.2 0.0 0.7 1.3 2.3

PBC Follow-up (PBC%) 8.4 5.6 9.5 11.7 18.2

Composite (Composite%) 2.1 1.4 1.4 3.9 4.5
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190 (Fig. 1) displays the cumulative incidence of PBC stratified by AMA

191 titer groups, highlighting a significantly increased risk among

192 patients with higher titers. The PBC by AMA titer level was as follows:

193 5.6 % at 1:40, 9.5 % at 1:80, 11.7 % at 1:160, and 18.2 % at 1:320. Nota-

194 bly, neither developed PBC among the two patients with titers

195 greater than 1:320. However, given the minimal sample size, no

196 meaningful conclusions regarding risk in this subgroup can be drawn.

197 The mean time to PBC diagnosis also varied by AMA titer, ranging

198 from 5.5 years in those with titers of 1:40 to 11.6 years in those with

199 titers of 1:320.

200 These findings reinforce that while most AMA-positive patients

201 with normal liver enzymes remain stable over time, individuals with

202 higher titers exhibit a greater risk of PBC development. None of the

203 analyzed variables, including age, gender, socioeconomic status

204 (SES), and titers, are significantly associated with PBC in the time-to-

205 event analysis (Fine and Gray’s model). The univariate raw analysis

206 identified SES (P = 0.0096) and titers (p = 0.0381) as potentially signif-

207 icant, but this was not confirmed in the time-dependent analysis.

208 3.4. AMA titers and cirrhosis complications

209 The study’s findings on the relationship between AMA titers and

210 the progression of liver disease are significant. Higher AMA titers

211 were found to be associated with an increased incidence of cirrhosis-

212 related complications. The severity and frequency of hepatic compli-

213 cations increased in parallel with rising titer levels. (Fig. 2)

214 (Fig. 3), which features Kaplan-Meier curves, further illustrates

215 the progression to cirrhosis in patients with high titers compared to

216 those with lower titers. Among the 559 patients (45.1 %) who under-

217 went titer testing, liver-related complications varied according to

218 AMA titer levels. The prevalence of cirrhosis increased with increas-

219 ing titers, affecting 0.7 % of patients with a titer of 1:40, 2.0 % at 1:80,

2205.2 % at 1:160, 11.4 % at 1:320, and 50.0 % in the group with a titer of

221greater than 1:320.

222A similar trend was observed for esophageal varices, which were

223absent in patients with a titer of 1:40 but present in 0.7 % of those at

2241:80, 1.3 % at 1:160, and 4.5 % at 1:320. The occurrence of ascites also

225increased with higher titers, affecting 0.7 % of patients with a titer of

2261:40, 0.7 % at 1:80, 3.9 % at 1:160, 4.5 % at 1:320, and 50.0 % in the

227>1:320 category. (Fig. 4)

228In the multivariate analysis, the association between AMA titers

229and liver-related complications remained significant after adjusting

230for age, gender, and SES.

2313.5. ALP trends and long-term survival analysis

232Analysis of longitudinal ALP trends following AMA positivity demon-

233strated a gradual increase in mean ALP levels over time. Notably, higher

234AMA titers were associated with a more significant rise in ALP levels

235(Fig. 5). Patients with lower AMA titers (1:40 and 1:80) exhibited rela-

236tively stable ALP levels with minimal progression over time, while

237patients with higher AMA titers (1:160 and 1:320) exhibited higher

238baseline ALP levels and a more pronounced increase over time than

239those with lower titers. This pattern suggests a potential relationship

240between AMA titers and biochemical disease progression, with higher

241titers correlating with a greater likelihood of ALP elevation.

2423.6. Bilirubin trends and long-term survival analysis

243(Fig. 6) illustrates the longitudinal trend of bilirubin levels

244in anti-mitochondrial antibody (AMA)-positive patients over a

245follow-up period of up to 15 years, stratified by AMA titer lev-

246els at baseline. Patients with lower AMA titers (1:40 and 1:80)

247had relatively stable bilirubin levels over time, with minimal

248fluctuation. Patients with higher AMA titers (1:160 and 1:320)

Fig. 1. Kaplan-Meier estimates of the probability of remaining free of primary biliary cholangitis (PBC) among AMA-positive patients with normal liver enzymes. Kaplan-

Meier survival curve illustrating the cumulative probability of remaining free of PBC in AMA-positive patients with normal liver enzymes over a 25-year follow-up period. The solid

blue line denotes survival probability; censored observations are indicated by plus signs (+). The shaded region represents the 95 % confidence interval. Clarification: Analysis

includes AMA-positive patients with normal liver enzymes at baseline; incident PBC during follow-up was adjudicated per the criteria detailed inQ4 X XMethods.
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249 exhibited a more pronounced increase in bilirubin levels over

250 time, suggesting a potential for subclinical progression. The

251 1:320 group demonstrated the most significant increase, peak-

252 ing around years 8−10, followed by a decline, while the 1:160

253group showed a steady upward trajectory. These findings indi-

254cate that higher AMA titers at baseline may be associated with

255a greater risk of bilirubin elevation over time, potentially

256reflecting progressive liver dysfunction.

Fig. 2. Kaplan-Meier estimates of cirrhosis incidence by AMA titer group. Kaplan-Meier curves showing the probability of remaining free of cirrhosis, stratified by AMA titer

groups: 1:40 (blue); 1:80 (red); 1:160 (teal); 1:320 (brown); >1:320 (purple). Censored data are marked by plus signs (+). Shaded regions indicate 95 % confidence intervals. Log-

rank test p-value=0.0004.

Fig. 3. Kaplan-Meier estimates of the probability of remaining free of cirrhosis among AMA-positive patients with normal liver enzymes. Kaplan-Meier survival analysis

showing the probability of remaining free of cirrhosis over a 25-year follow-up period. The solid blue line denotes survival probability; censored cases are indicated by plus signs

(+). The shaded area represents the 95 % confidence interval.
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257 4. Discussion

258 This large, retrospective cohort study demonstrates that AMA-posi-

259 tive patients with normal liver enzymes have a low risk of progression

260to PBC or cirrhosis. Still, higher AMA titers are associated with

261increased risk. Our findings strongly support two key conclusions.

262First, AMA-positive patients with normal liver enzymes generally have

263a low risk of developing PBC or cirrhosis. Over a median follow-up of

Fig. 4. Longitudinal changes in composite cirrhosis complications in AMA-positive patients by baseline antibody titer. Longitudinal trends in composite cirrhosis complica-

tions among AMA-positive patients over a 15-year follow-up period, stratified by baseline titer (1:40, 1:80, 1:160, 1:320). Solid lines denote group means; shaded areas indicate

95 % confidence intervals.

Fig. 5. Longitudinal trends of alkaline phosphatase (ALP) levels in AMA-positive patients by baseline antibody titer. Longitudinal analysis of ALP levels over a 15-year follow-

up period, stratified by baseline AMA titer (1:40, 1:80, 1:160, 1:320). Solid lines denote mean ALP values for each group; shaded areas indicate 95 % confidence intervals. Note: The

1:320 subgroup was small; results for high titers are presented descriptively without inferring heterogeneity and should be interpreted cautiously.
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264 6.3 years, only 7.5 % developed PBC and 2.9 % progressed to cirrhosis.

265 Second, higher AMA titers were found to be a strong predictor of dis-

266 ease progression. Patients with higher AMA titers had a significantly

267 higher risk of developing PBC and cirrhosis. The incidence of cirrhosis

268 and other liver-related complications increased proportionally with

269 AMA titers, emphasizing the prognostic value of AMA levels.

270 These results support a risk-adapted approach to surveillance,

271 reserving intensive monitoring for patients with high AMA titers,

272 while reassuring the majority with low titers and normal enzymes.

273 Dahlqvist et al. conducted a large-scale characterization study that

274 examined AMA-positive patients without established PBC diagnoses.

275 They found that some of these individuals exhibited biochemical and

276 histological features suggestive of early-stage PBC, with a subset

277 eventually progressing to a confirmed diagnosis of PBC [20]. How-

278 ever, their study was limited by a relatively short follow-up duration

279 and a lack of systematic risk stratification.

280 Similarly, Metcalf et al. followed a small cohort of 29 AMA-posi-

281 tive patients with normal liver enzymes for a median of 17.8 years.

282 They reported that 76 % eventually developed PBC, indicating a high

283 conversion rate. However, despite this high conversion rate, no

284 patient developed cirrhosis or clinically apparent portal hyperten-

285 sion, reinforcing an overall indolent disease course [21]. In contrast,

286 our study found a much lower incidence of PBC (7.5 %) over a median

287 follow-up of 6.3 years. While differences in patient selection, popula-

288 tion genetics, and diagnostic criteria used at different time points

289 may account for this discrepancy, both studies ultimately support

290 that AMA-positive individuals with normal liver enzymes generally

291 exhibit slow disease progression, with cirrhosis and severe hepatic

292 complications remaining rare.

293 In recent data, Li et al. examined a large cohort of AMA-M2-posi-

294 tive individuals in a health check-up setting in China and reported a

295 5-year cumulative PBC incidence of only 0.5 % [22]. These findings

296 align more closely with our study, further supporting that the overall

297 risk of PBC development in AMA-positive individuals with normal

298 liver enzymes may be lower than previously estimated.

299Ellez et al. investigated 26 AMA-positive patients with normal ALP

300levels and found that 43.75 % of those who underwent biopsies

301exhibited findings and histological features consistent with PBC [23].

302While these findings suggest that a considerable proportion of AMA-

303positive individuals may harbor early histological abnormalities, the

304limited sample size and lack of long-term follow-up restrict the gen-

305eralizability of these conclusions.

306Similarly, the Swiss PBC Cohort Study by Terziroli Beretta-Piccoli

307et al. demonstrated that a high proportion of AMA-positive patients

308with normal ALP already exhibited histological evidence of PBC, even

309in the absence of biochemical cholestasis [24]. However, this study

310also lacked long-term outcome data, making it unclear whether his-

311tological abnormalities in this population invariably translate into

312clinically significant diseases.

313Duan et al. conducted a retrospective study analyzing 139 AMA-

314positive patients without a baseline diagnosis of PBC. They found that

315only 4.3 % progressed to PBC over a median follow-up period of

3164.6 years. The study identified lower alanine aminotransferase (ALT)

317and higher IgM levels as independent predictors of PBC development.

318[25]. Consistent with our findings, AMA positivity does not appear to

319be an isolated marker of inevitable disease but instead defines a het-

320erogeneous population in which only a subset exhibits clinically

321meaningful progression.

3224.1. Limitations

323This study has several limitations. First, as a retrospective, nonin-

324terventional analysis, it is inherently subject to potential biases char-

325acteristic of observational research, including missing data, residual

326confounding, and incomplete variable ascertainment. Second,

327although a strong correlation was observed between higher AMA

328titers and disease progression, causality cannot be inferred from

329these associations. Third, the study population was derived from a

330single national healthcare system and may not fully represent other

331geographic or ethnic populations, thereby limiting generalizability.

Fig. 6. Longitudinal changes in bilirubin levels in AMA-positive patients by baseline antibody titer. Longitudinal trends in bilirubin levels over a 15-year follow-up period, strat-

ified by baseline AMA titer (1:40, 1:80, 1:160, 1:320). Solid lines denote group means; shaded areas indicate 95 % confidence intervals. Note: The 1:320 subgroup was small; results

for high titers are presented descriptively without inferring heterogeneity and should be interpreted cautiously.
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332 Fourth, liver biopsies were not performed systematically, which may

333 have led to underestimation of subclinical or histologically mild dis-

334 ease. Additionally, applying a unified ALP upper limit of normal

335 (130 U/L) across sexes may have introduced minimal misclassifica-

336 tion among women, particularly given lower female reference ranges.

337 Finally, serologic data completeness for markers such as IgM, ANA,

338 gp210, and sp100 was limited, and the number of patients within the

339 highest-titer subgroup was relatively small, restricting the statistical

340 power for inference in this subset.

341 Future prospective studies are needed to validate these findings

342 and refine guidelines for managing AMA-positive individuals with

343 normal liver enzymes.

344 5. Conclusions

345 In conclusion, this study, the largest of its kind, demonstrates that

346 most AMA-positive patients with normal liver enzymes do not

347 develop significant liver disease, challenging the need for intensive

348 monitoring. While higher AMA titers indicate increased risk, overall

349 progression remains slow, with severe complications being rare. A

350 risk-stratified follow-up approach may be more appropriate than

351 universal surveillance, warranting further prospective validation.
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