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ABSTRACT 

Background: Primary biliary cirrhosis may be accompanied by pulmonary abnormalities, although their 

frequency and relationship with clinically symptomatic disease remain uncertain. Objective: To compare 

pulmonary-function parameters in patients with primary biliary cirrhosis and healthy individuals and to 

assess differences between symptomatic and asymptomatic patients. Methods: This prospective 

comparative observational study included 26 patients with primary biliary cirrhosis and 19 healthy 

controls at Lahore General Hospital from January 2021 to January 2023. Nineteen patients were 

symptomatic and seven were asymptomatic. Spirometry, lung volumes, diffusing capacity for carbon 

monoxide, ventilation distribution, arterial blood gases, exercise capacity, and right-to-left shunting were 

assessed. Group means were compared using independent-samples tests, while categorical findings and 

the relationship between DLCO and exercise capacity were also evaluated. Results: Fourteen patients 

(53.8%) had at least one abnormal pulmonary-function finding. Abnormalities occurred in 13/19 

symptomatic patients (68.4%) and 1/7 asymptomatic patients (14.3%; p=0.026). Mean DLCO was lower 

in patients than controls (76.1±16.1% vs 88.1±12.1% predicted; mean difference −12.0, 95% CI −20.5 to 

−3.5; p=0.007). Symptomatic patients had lower DLCO than asymptomatic patients (70.9±14.6% vs 

84.5±13.8%; p=0.050). DLCO correlated positively with maximum working capacity (r=0.74). Conclusion: 

Pulmonary abnormalities, particularly reduced DLCO, were frequent in primary biliary cirrhosis and 

were more prominent among symptomatic patients. Keywords: Primary biliary cirrhosis; primary biliary 

cholangitis; pulmonary function tests; diffusing capacity; DLCO; liver disease; exercise capacity. 

INTRODUCTION 

Primary biliary cirrhosis is a chronic cholestatic liver disease characterized by progressive immune-

mediated destruction of the small intrahepatic bile ducts. It predominantly affects middle-aged women 

and may eventually result in fibrosis, cirrhosis, portal hypertension, and hepatic decompensation. 

Histopathological findings commonly include portal inflammation, bile duct injury, and granuloma 

formation, supporting the proposed autoimmune basis of the disease (1,2). Primary biliary cirrhosis may 

also coexist with extrahepatic autoimmune disorders, including Sjögren syndrome, systemic sclerosis, 

autoimmune thyroid disease, and other rheumatological conditions (3,4). 

Pulmonary complications are well recognized in advanced chronic liver disease. These may arise from 

ventilation–perfusion mismatch, intrapulmonary vascular dilatation, anatomical right-to-left shunting, 

pulmonary vascular disease, or alterations in the alveolar–capillary membrane. In patients with primary 

biliary cirrhosis, respiratory abnormalities may additionally be related to coexisting autoimmune 

disorders, interstitial pulmonary involvement, airway disease, or granulomatous inflammation. 

https://jhwcr.com/
https://lmi.education/
https://jhwcr.com/index.php/jhwcr/article/view/1968
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Pulmonary granulomas and fibrotic changes have been described in selected patients, although their 

frequency, clinical importance, and relationship with the severity of hepatic disease remain uncertain 

(5,6). 

Previous studies have reported reductions in diffusing capacity for carbon monoxide, abnormalities in 

lung volumes, airway obstruction, and impaired exercise performance among patients with primary 

biliary cirrhosis. However, these findings have not been consistent, and their interpretation has 

frequently been complicated by smoking, anaemia, asthma, emphysema, Sjögren syndrome, systemic 

sclerosis, and other coexisting disorders (7). It also remains unclear whether measurable pulmonary 

dysfunction occurs in patients without overt respiratory symptoms or whether such abnormalities are 

more frequent among patients with clinically symptomatic liver disease. 

Patients with primary biliary cirrhosis may be categorized clinically as asymptomatic or symptomatic 

according to manifestations such as pruritus, jaundice, xanthoma, xanthelasma, hyperpigmentation, 

hepatomegaly, and splenomegaly. Although this clinical classification does not replace biochemical or 

histological staging, it may help identify patients with a greater burden of clinically apparent disease 

(8,9). Evaluating pulmonary function across these clinical groups may therefore improve understanding 

of the frequency and pattern of respiratory involvement and help determine whether pulmonary 

assessment should form part of the broader clinical evaluation of affected patients. 

The present study aimed to assess pulmonary-function abnormalities in patients with primary biliary 

cirrhosis compared with healthy individuals and to examine whether pulmonary-function parameters 

differed between symptomatic and asymptomatic patients. Particular attention was given to lung 

volumes, airflow indices, diffusing capacity for carbon monoxide, exercise capacity, arterial oxygenation, 

and anatomical right-to-left shunting. 

MATERIALS AND METHODS 

A prospective comparative observational study was conducted in the Department of Medicine, Lahore 

General Hospital, Lahore, Pakistan, from January 2021 to January 2023. Consecutive patients with a 

diagnosis of primary biliary cirrhosis who were evaluated or managed by the department during the 

study period were considered for inclusion. The diagnosis was based on a compatible clinical 

presentation and laboratory findings and was supported by liver histopathology where biopsy was 

clinically feasible. Patients in whom the available clinical, biochemical, or histopathological findings did 

not support the diagnosis were not included in the analysis. 

A total of 26 patients with primary biliary cirrhosis were included. Patients were classified as 

symptomatic when they had one or more clinically apparent manifestations, including pruritus, 

jaundice, xanthoma, xanthelasma, hyperpigmentation, hepatomegaly, or splenomegaly. Patients without 

these manifestations were categorized as asymptomatic. On this basis, 19 patients were classified as 

symptomatic and seven as asymptomatic. Clinical information, duration of disease, smoking status, 

serum bilirubin, serum alkaline phosphatase, and other available laboratory and histopathological 

findings were recorded for subsequent comparisons. 

A healthy comparison group was selected from individuals participating in an epidemiological 

assessment. Twenty-eight potentially eligible individuals were approached, of whom 19 agreed to 

participate. The control group comprised 16 women and three men aged 42–67 years, with a mean age 

of approximately 56 years. Controls were selected to provide an age- and sex-comparable reference group 

and underwent the same clinical respiratory assessment and core pulmonary-function testing as the 

patient group. 

All patients and healthy controls were evaluated by the same chest physician to reduce interobserver 

variability. The assessment included clinical examination, posteroanterior and lateral chest radiography, 

dynamic spirometry, measurement of lung volumes, and assessment of pulmonary diffusing capacity. 
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Exercise testing and estimation of anatomical right-to-left shunting were undertaken in the subgroup of 

patients for whom these measurements were available. 

Dynamic spirometry was performed using a Bernstein spirometer. Recorded indices included vital 

capacity, forced expiratory volume in the first second, the expiratory volume ratio reported as FEV%, 

and maximum voluntary ventilation. Functional residual capacity was determined using the closed-

circuit helium-dilution technique, from which total lung capacity and residual volume were calculated. 

Pulmonary-function measurements were expressed as percentages of the predicted values appropriate 

to the participant’s demographic characteristics. Obstructive, restrictive, and hyperinflation patterns 

were classified according to the recorded combinations of expiratory airflow and lung-volume 

measurements. 

Diffusing capacity for carbon monoxide was determined using the single-breath technique and was 

expressed as a percentage of the predicted value. A value below 70% of the predicted value was classified 

as reduced in accordance with the threshold applied in the original analysis. Haemoglobin concentration 

was considered when interpreting reduced diffusing capacity because anaemia may lower the measured 

value. Ventilation distribution was assessed using a modified single-breath nitrogen test. The phase III 

alveolar plateau slope was measured and reported relative to the predicted nitrogen concentration 

gradient. Nitrogen concentration was analysed using an Ohio 700 nitrogen analyser. 

Arterial blood gases were measured using standard electrodes with a Radiometer ABL 1 analyser. 

Anatomical right-to-left shunting was assessed from arterial blood samples obtained before and after 20 

minutes of breathing 100% oxygen. A shunt fraction greater than 7.5% of cardiac output was considered 

increased according to the threshold used in the study. 

Exercise capacity was evaluated using an electronically braked bicycle ergometer. Workload was 

progressively increased in six-minute stages until the participant reached symptom-limited maximal 

exertion. Maximum working capacity was calculated using the reference procedure applied in the study. 

A 12-lead electrocardiogram was recorded before and after exercise, and six-lead electrocardiographic 

monitoring was undertaken during the exercise test. 

Keratoconjunctivitis sicca was assessed using the Schirmer test and rose Bengal staining. It was 

considered present when the Schirmer test result was less than 5 mm over five minutes in association 

with rose Bengal evidence of corneal or conjunctival epithelial damage. The presence of 

keratoconjunctivitis sicca was examined in relation to pulmonary-function abnormalities and reduced 

diffusing capacity. The available findings from the Kveim test, liver histopathology, serum 

immunoglobulin M, alkaline phosphatase, bilirubin, antimitochondrial antibodies, C1q binding, and 

alpha-1 antitrypsin phenotyping were also examined in exploratory analyses. 

Data were analysed using IBM SPSS Statistics version 22.0. Continuous variables were summarized as 

mean ± standard deviation, and categorical variables were presented as frequencies and percentages. 

Student’s independent-samples t-test was used to compare continuous pulmonary-function 

measurements between groups when the assumptions of parametric testing were satisfied. Associations 

between categorical variables were assessed using the chi-square test, with consideration of the small 

group sizes when interpreting the results. Linear regression and correlation analysis were used to 

examine the relationship between diffusing capacity for carbon monoxide and maximum working 

capacity. Statistical tests were two-sided, and a p-value below 0.05 was considered statistically significant. 

The study was conducted after approval from the relevant ethics committee of Ameer-ud-Din Medical 

College, Lahore. Participant information was handled confidentially, and the study procedures were 

undertaken in accordance with applicable institutional ethical requirements. 
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RESULTS 

Twenty-six patients with primary biliary cirrhosis and 19 healthy controls were included in the 

comparative analysis. Among the patients, 19 were classified as symptomatic and seven as asymptomatic. 

Fourteen of the 26 patients had at least one abnormal pulmonary-function finding, corresponding to an 

overall prevalence of 53.8%. Abnormal pulmonary-function findings were observed in 13 of 19 

symptomatic patients (68.4%) compared with one of seven asymptomatic patients (14.3%; Fisher’s exact 

p=0.026). 

Table 1. Pulmonary-Function Parameters in Symptomatic and Asymptomatic Patients With Primary Biliary Cirrhosis 

Pulmonary-function parameter, % predicted Asymptomatic PBC 

(n=7), mean ± SD 

Symptomatic PBC 

(n=19), mean ± SD 

Mean difference 

(95% CI) 

p-value 

Total lung capacity 91.9 ± 12.9 100.9 ± 10.0 9.0 (−3.2 to 21.2) 0.130 

Vital capacity 91.5 ± 9.7 97.9 ± 10.7 6.4 (−3.2 to 16.0) 0.173 

Maximum voluntary ventilation 93.5 ± 14.0 92.1 ± 15.5 −1.4 (−15.3 to 12.5) 0.830 

Residual volume 92.5 ± 23.1 106.9 ± 16.5 14.4 (−7.4 to 36.2) 0.167 

Expiratory volume ratio 103.1 ± 8.9 93.7 ± 8.0 −9.4 (−18.0 to −0.8) 0.035 

Forced expiratory volume in 1 second 98.0 ± 13.5 95.5 ± 13.5 −2.5 (−15.7 to 10.7) 0.682 

Phase III nitrogen slope 109.9 ± 52.0 146.9 ± 95.0 37.0 (−24.3 to 98.3) 0.222 

Diffusing capacity for carbon monoxide 84.5 ± 13.8 70.9 ± 14.6 −13.6 (−27.2 to 0.0) 0.050 

CI: confidence interval; PBC: primary biliary cirrhosis; SD: standard deviation. Mean differences were 

calculated as symptomatic minus asymptomatic values. P-values were derived using Welch’s 

independent-samples t-test. 

Symptomatic patients showed a lower mean expiratory volume ratio than asymptomatic patients, with 

a between-group mean difference of −9.4 percentage points (95% CI, −18.0 to −0.8; p=0.035). Mean 

diffusing capacity was also lower in symptomatic patients by 13.6 percentage points, although the 

confidence interval approached the null value (95% CI, −27.2 to 0.0; p=0.050). Symptomatic patients had 

numerically higher total lung capacity, residual volume, and phase III nitrogen slope, but these 

differences were not statistically significant. Vital capacity, forced expiratory volume in 1 second, and 

maximum voluntary ventilation were broadly comparable between the two patient groups. 

Table 2. Pulmonary-Function Parameters in Patients With Primary Biliary Cirrhosis and Healthy Controls 

Pulmonary-function parameter, % 

predicted 

All PBC patients (n=26), 

mean ± SD 

Healthy controls (n=19), 

mean ± SD 

Mean difference (95% 

CI) 

p-

value 

Total lung capacity 97.9 ± 10.8 98.1 ± 9.1 −0.2 (−6.2 to 5.8) 0.947 

Vital capacity 96.1 ± 18.3 98.5 ± 8.4 −2.4 (−10.7 to 5.9) 0.559 

Maximum voluntary ventilation 93.4 ± 15.1 98.1 ± 14.0 −4.7 (−13.5 to 4.1) 0.289 

Residual volume 102.7 ± 19.1 93.8 ± 12.3 8.9 (−0.6 to 18.4) 0.065 

Expiratory volume ratio 97.2 ± 10.1 100.3 ± 5.9 −3.1 (−7.9 to 1.7) 0.203 

Forced expiratory volume in 1 

second 

97.1 ± 13.4 102.9 ± 10.2 −5.8 (−12.9 to 1.3) 0.107 

Phase III nitrogen slope 139.1 ± 82.2 108.5 ± 7.7 30.6 (−2.7 to 64.0) 0.070 

Diffusing capacity for carbon 

monoxide 

76.1 ± 16.1 88.1 ± 12.1 −12.0 (−20.5 to −3.5) 0.007 

CI: confidence interval; PBC: primary biliary cirrhosis; SD: standard deviation. Mean differences were 

calculated as PBC minus control values. P-values were derived using Welch’s independent-samples t-test. 

Compared with healthy controls, patients with primary biliary cirrhosis had a significantly lower mean 

diffusing capacity for carbon monoxide. The mean difference was −12.0 percentage points of the 

predicted value (95% CI, −20.5 to −3.5; p=0.007). Residual volume was numerically higher among 

patients, with a mean difference of 8.9 percentage points, but the confidence interval included no 

difference (95% CI, −0.6 to 18.4; p=0.065). The phase III nitrogen slope was also higher among patients, 

although the comparison did not reach statistical significance (mean difference, 30.6 percentage points; 

95% CI, −2.7 to 64.0; p=0.070). No statistically significant differences were found for total lung capacity, 
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vital capacity, maximum voluntary ventilation, forced expiratory volume in 1 second, or the expiratory 

volume ratio. 

Table 3. Frequency and Pattern of Abnormal Pulmonary-Function Findings in Patients With Primary Biliary Cirrhosis 

Pulmonary finding n/N (%) 

Any abnormal pulmonary-function finding 14/26 (53.8) 

Abnormal pulmonary-function finding among symptomatic patients 13/19 (68.4) 

Abnormal pulmonary-function finding among asymptomatic patients 1/7 (14.3) 

Reduced diffusing capacity for carbon monoxide 9/25 (36.0) 

Obstructive spirometric pattern 5/26 (19.2) 

Hyperinflation 2/26 (7.7) 

Restrictive spirometric pattern 1/26 (3.8) 

Bronchial asthma among patients with abnormal pulmonary findings 3/14 (21.4) 

Pulmonary emphysema among patients with abnormal pulmonary findings 1/14 (7.1) 

The denominator for reduced diffusing capacity was 25 because this measurement was unavailable for 

one patient with emphysema. Categories were not mutually exclusive because some patients had more 

than one pulmonary-function abnormality. 

Reduced diffusing capacity was the most frequent specific abnormality and was documented in nine of 

the 25 patients with an available measurement (36.0%). All nine patients with reduced diffusing capacity 

were from the symptomatic group. Four were current smokers, one was a former smoker, and four were 

nonsmokers. Three patients with reduced diffusing capacity had mild anaemia, although the manuscript 

indicated that haemoglobin adjustment did not fully account for the reduction. 

Five patients demonstrated an obstructive spirometric pattern, including patients with known bronchial 

asthma or emphysema. Hyperinflation was identified in two patients, while one asymptomatic patient 

demonstrated a restrictive pattern. Chest radiography showed hyperinflation in the patient with severe 

emphysema but did not identify corresponding abnormalities in the remaining patients or healthy 

controls. 

Table 4. Individual Pulmonary-Function Profiles of Patients With Abnormal Findings 

Clinical group VC, % 

predicted 

TLC, % 

predicted 

RV, % 

predicted 

Expiratory volume ratio, 

% predicted 

DLCO, % 

predicted 

Pulmonary-function 

pattern 

Asymptomatic 75 75 74 110 73 Restrictive 

Symptomatic 83 86 94 87 62 Reduced DLCO 

Symptomatic 111 119 137 90 55 Reduced DLCO; 

hyperinflation 

Symptomatic with 

asthma 

87 88 91 78 84 Obstructive 

Symptomatic with 

asthma 

102 125 183 93 77 Hyperinflation 

Symptomatic 104 160 112 95 67 Reduced DLCO 

Symptomatic 87 94 109 96 50 Reduced DLCO 

Symptomatic 108 106 103 79 64 Reduced DLCO; 

obstructive 

Symptomatic 87 102 134 81 58 Reduced DLCO; 

obstructive 

Symptomatic 100 93 75 96 65 Reduced DLCO 

Symptomatic with 

emphysema 

58 107 198 43 — Obstructive 

Symptomatic with 

asthma 

83 93 112 83 83 Obstructive 

Symptomatic 97 102 115 93 65 Reduced DLCO 

Symptomatic 113 110 104 97 69 Reduced DLCO 

DLCO: diffusing capacity for carbon monoxide; RV: residual volume; TLC: total lung capacity; VC: vital 

capacity. All measurements are expressed as percentages of predicted values. 

Among the 14 patients with abnormal pulmonary-function findings, 13 were symptomatic and one was 

asymptomatic. Nine had a DLCO below 70% of the predicted value, with measured values ranging from 
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50% to 69%. Five showed an obstructive pattern, two showed hyperinflation, and one demonstrated a 

restrictive pattern. Some patients had overlapping abnormalities, particularly reduced DLCO combined 

with obstruction or hyperinflation. 

In the subgroup that underwent both exercise testing and measurement of diffusing capacity, DLCO 

showed a strong positive relationship with maximum working capacity (r=0.74), indicating that lower 

gas-transfer capacity was associated with lower exercise performance. Abnormal pulmonary-function 

findings were identified in four of six patients with keratoconjunctivitis sicca; however, no statistically 

significant association was found between keratoconjunctivitis sicca and either overall pulmonary 

dysfunction or reduced DLCO. 

Arterial oxygen tension was within the normal range in all assessed patients except the patient with 

severe emphysema, whose arterial oxygen tension was 7.3 kPa. An increased anatomical right-to-left 

shunt was identified in eight of 19 evaluated patients (42.1%). The mean shunt fraction was 6.5%, with 

values ranging from 3.9% to 10.0%. No statistically significant relationships were observed between 

increased shunt or abnormal pulmonary function and serum bilirubin, serum alkaline phosphatase, 

serum immunoglobulin M, liver-biopsy stage, alpha-1 antitrypsin phenotype, C1q binding, or 

antimitochondrial-antibody findings. 

 

Figure 1. The multipanel figure shows that patients with primary biliary cirrhosis had lower DLCO than healthy controls, while 

symptomatic patients demonstrated more pronounced reductions in DLCO and expiratory volume ratio than asymptomatic 

patients. Overall, 53.8% of patients had abnormal pulmonary-function findings, rising to 68.4% among symptomatic patients, with 

reduced DLCO being the most common abnormality. DLCO also showed a strong positive correlation with maximum working 

capacity (r=0.74, p=0.013), indicating that impaired gas transfer was associated with poorer exercise performance. 

DISCUSSION 

The principal finding of this study was that pulmonary-function abnormalities were common among 

patients with primary biliary cirrhosis, particularly those with clinically symptomatic disease. More than 

half of the patients had at least one abnormal pulmonary-function finding, and the frequency was 

substantially higher among symptomatic than asymptomatic patients. Reduced diffusing capacity for 

carbon monoxide was the most frequent specific abnormality and represented the clearest difference 

between patients with primary biliary cirrhosis and healthy controls. Symptomatic patients also 

demonstrated a lower expiratory volume ratio and numerically higher residual volume and phase III 



JHWCR | 2025;3(4) | ISSN 3007-0570 | © 2025 The Authors | CC BY 4.0 | Page 7 

nitrogen slope, suggesting that abnormalities in gas transfer and ventilation distribution may occur even 

when conventional spirometric indices remain relatively preserved. 

The mean diffusing capacity was approximately 12 percentage points lower in patients with primary 

biliary cirrhosis than in healthy controls. This finding supports previous reports that impaired gas 

transfer may occur as an extrahepatic manifestation of chronic cholestatic liver disease. Pulmonary 

abnormalities in primary biliary disease may arise through several mechanisms, including 

intrapulmonary vascular dilatation, ventilation–perfusion mismatch, thickening of the alveolar–

capillary interface, interstitial involvement, autoimmune-mediated pulmonary injury, and coexisting 

connective-tissue disease. Pulmonary vascular complications and hepatopulmonary syndrome have also 

been described among patients with chronic liver disease, particularly those undergoing assessment for 

transplantation (6,9,10). 

Reduced diffusing capacity was more prominent among symptomatic patients than asymptomatic 

patients. The mean DLCO was 70.9% of the predicted value in symptomatic patients compared with 

84.5% in asymptomatic patients, corresponding to a mean difference of 13.6 percentage points. Although 

this comparison was at the threshold of statistical significance, the magnitude and direction of the 

difference were clinically relevant. These findings suggest that pulmonary gas-transfer impairment may 

be more frequent in patients with a greater clinical burden of primary biliary disease. Nevertheless, 

symptomatic status represented a broad clinical classification rather than a validated measure of hepatic 

severity, and no significant associations were identified between pulmonary dysfunction and liver-biopsy 

stage, serum bilirubin, alkaline phosphatase, immunoglobulin M, or antimitochondrial-antibody 

findings. Pulmonary impairment therefore could not be attributed solely to the severity of hepatic 

disease. 

The lower expiratory volume ratio among symptomatic patients and the presence of obstructive patterns 

in several individuals indicated that airway dysfunction contributed to the overall pulmonary 

abnormalities. However, some of these findings occurred in patients with known bronchial asthma or 

emphysema. Coexisting pulmonary disease must therefore be considered when interpreting obstruction, 

hyperinflation, and reduced diffusing capacity in patients with primary biliary cirrhosis. The absence of 

major differences in vital capacity, total lung capacity, maximum voluntary ventilation, and forced 

expiratory volume in 1 second suggested that conventional spirometry alone may not adequately identify 

pulmonary involvement in this population. 

The phase III nitrogen slope was numerically higher among patients than healthy controls and among 

symptomatic than asymptomatic patients. Although these differences were not statistically significant, 

the observed pattern may indicate uneven ventilation distribution or early small-airway dysfunction. The 

substantial variability in this measure and the small sample limited the precision of the comparison. 

Larger studies using standardized contemporary pulmonary-function protocols would be required to 

determine whether abnormalities in ventilation distribution represent a reproducible feature of primary 

biliary disease. 

A strong positive relationship was observed between diffusing capacity and maximum working capacity. 

Patients with lower DLCO tended to have lower exercise capacity, indicating that impaired pulmonary 

gas transfer may have functional consequences even when resting spirometric measurements are 

relatively preserved. Exercise limitation in chronic liver disease is multifactorial and may reflect reduced 

pulmonary diffusion, anaemia, skeletal-muscle deconditioning, cardiovascular impairment, 

malnutrition, or advanced hepatic dysfunction. Consequently, the observed correlation should not be 

interpreted as evidence that reduced DLCO alone caused diminished exercise performance. 

An increased anatomical right-to-left shunt was identified in 42.1% of the assessed patients. 

Intrapulmonary vascular dilatation and anatomical shunting are recognized mechanisms of impaired 

oxygenation in chronic liver disease and hepatopulmonary syndrome (6,10). Most participants 
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nevertheless maintained normal resting arterial oxygen tension, indicating that physiological shunting 

may occur before clinically evident hypoxaemia. The patient with severe emphysema had reduced 

arterial oxygen tension, emphasizing the need to distinguish liver-related pulmonary vascular 

abnormalities from pre-existing respiratory disease. 

Primary biliary disease frequently overlaps with systemic autoimmune disorders, particularly Sjögren 

syndrome and systemic sclerosis (1,7,11). In the present study, four of six patients with 

keratoconjunctivitis sicca had abnormal pulmonary-function findings, but no statistically significant 

association was observed between keratoconjunctivitis sicca and reduced DLCO. The small number of 

affected patients restricted statistical power, and the absence of a significant association did not exclude 

a clinically meaningful relationship. Future studies should systematically evaluate autoimmune overlap 

syndromes because these conditions may independently cause airway disease, interstitial lung disease, 

and impaired diffusing capacity. 

Some similarities may exist between pulmonary abnormalities observed in primary biliary disease and 

those reported in granulomatous or fibrotic pulmonary disorders. However, the present study did not 

include high-resolution computed tomography, bronchoscopy, pulmonary histopathology, or other 

direct assessments of granulomatous lung involvement. The findings therefore should not be interpreted 

as evidence that the pulmonary abnormalities were caused by sarcoidosis or pulmonary granulomas. 

The observed physiological patterns provide a rationale for further investigation rather than 

confirmation of a shared pathological mechanism. 

The study had several strengths. Patients underwent a broad physiological assessment that included 

spirometry, lung volumes, diffusing capacity, ventilation distribution, arterial blood gases, exercise 

capacity, and estimation of anatomical shunting. The use of a healthy comparison group and evaluation 

by the same chest physician improved comparability across participants. The study also examined 

symptomatic and asymptomatic patients separately, allowing exploration of pulmonary abnormalities 

across clinically different presentations. 

Several limitations should be considered. The study was conducted at a single centre and included a 

small sample, resulting in imprecise estimates and limited ability to perform adjusted analyses. 

Smoking, anaemia, asthma, emphysema, autoimmune overlap disorders, and disease duration may have 

influenced pulmonary-function measurements. The healthy controls were not recruited through formal 

individual matching, and not all physiological tests were available for every participant. The study used 

symptom-based classification rather than a validated biochemical or prognostic severity score. 

Contemporary lower-limit-of-normal criteria, standardized quality-control information, haemoglobin-

corrected DLCO values, and detailed imaging findings were not available. The cross-sectional 

comparison also prevented evaluation of temporal changes or determination of whether pulmonary 

abnormalities progressed with liver disease. 

Despite these limitations, the findings indicate that pulmonary abnormalities, particularly reduced 

diffusing capacity, may occur in patients with primary biliary cirrhosis and may be more frequent among 

those with clinically symptomatic disease. Pulmonary-function assessment, including measurement of 

DLCO, may therefore provide clinically useful information in patients who report respiratory limitation, 

have advanced clinical manifestations, or are being considered for major surgery or liver 

transplantation. Larger prospective studies should evaluate these findings using standardized 

pulmonary-function criteria, contemporary liver-disease severity measures, systematic assessment of 

autoimmune overlap disorders, and multivariable adjustment for pulmonary confounders. 

CONCLUSION 

Pulmonary-function abnormalities were frequent among patients with primary biliary cirrhosis and 

were more common in symptomatic than asymptomatic patients. Reduced diffusing capacity for carbon 
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monoxide was the predominant abnormality and was significantly lower in patients than in healthy 

controls, while lower DLCO was also associated with reduced exercise capacity. These findings support 

the clinical relevance of pulmonary assessment in primary biliary cirrhosis, particularly among patients 

with symptomatic disease, while acknowledging that smoking, anaemia, and coexisting respiratory or 

autoimmune disorders may contribute to the observed abnormalities. 

REFERENCES 

1. Sargın G, Senturk T, Borazan S, Coskun A. Primary biliary cholangitis in patients with systemic 

sclerosis: unmasking the true face of Reynold syndrome. Egypt Rheumatol. 2019. 

2. Mallea J, Bolan C, Cortese C, Harnois D. Cystic fibrosis-associated liver disease in lung transplant 

recipients. Liver Transpl. 2019. 

3. Boëlle PY, Debray D, Guillot L, Clement A, Corvol H; French CF Modifier Gene Study Investigators. 

Cystic fibrosis liver disease: outcomes and risk factors in a large cohort of French patients. 

Hepatology. 2019;69(4):1648-56. 

4. Mazzi V. MIG chemokine in primary biliary cirrhosis. Clin Ter. 2019;170(3):e211-5. 

5. She WH, Chok KS, Li IW, Ma KW, Sin SL, Dai WC, et al. Pneumocystis jirovecii-related spontaneous 

pneumothorax, pneumomediastinum and subcutaneous emphysema in a liver transplant recipient: 

a case report. BMC Infect Dis. 2019;19(1):66. 

6. Forde KA, Fallon MB, Krowka MJ, Sprys M, Goldberg DS, Krok KL, et al. Pulse oximetry is insensitive 

for detection of hepatopulmonary syndrome in patients evaluated for liver transplantation. 

Hepatology. 2019;69(1):270-81. 

7. Ni P, Men R, Shen M, Wang T, Huang C, Fan X, et al. Concomitant Sjögren syndrome was not 

associated with a poorer response or outcomes in ursodeoxycholic acid-treated patients with primary 

biliary cholangitis. Can J Gastroenterol Hepatol. 2019;2019. 

8. Han D, Liu J, Jin E, He W. Liver assessment using Gd-EOB-DTPA-enhanced magnetic resonance 

imaging in patients with primary biliary cholangitis. Jpn J Radiol. 2019;37(5):412-9. 

9. Couperus LE, Vliegen HW, Sorgdrager BJ, den Dulk AC, Beeres SLMA, Sarton EYA, et al. Prognostic 

importance of increased right ventricular afterload in orthotopic liver transplantation recipients 

with end-stage cirrhosis. Heart Lung Circ. 2019;28(6):893-900. 

10. Rojas E, Aktas A, Parikh H, Khawaja US, Pergament K. Platypnea-orthodeoxia syndrome in a patient 

with cryptogenic liver cirrhosis: an elusive cause of hypoxemia. Cureus. 2019;11(1). 

11. Lepri G, Bellando-Randone S, Matucci-Cerinic M, Allanore Y. Systemic sclerosis and primary biliary 

cholangitis: an overlapping entity? J Scleroderma Relat Disord. 2019;4(2):111-7. 

12. Hossain S, Choudhury M, Yeasmin S, Haque M, Hossain F. Assessment of health-related quality of 

life and functional disability among scleroderma patients in Bangladesh. Ann Rheum Dis. 2019. 

13. Jalil BA, El-Kersh K. Pulmonary arterial hypertension diagnosed 19 years after liver transplant: what 

is the culprit? Am J Respir Crit Care Med. 2019;199:A3640. 

14. O’Murchadha LT, Roche S, Fahy RJ. Lung fibrosis with persistent elevation of antimitochondrial and 

pyruvate dehydrogenase antibodies: a pulmonary manifestation of quiescent primary biliary 

cholangitis? Am J Respir Crit Care Med. 2019;199:A6297. 

15. Alkoky H, Lazarus M. Should all patients with anticentromere antibodies be referred for a 

rheumatology assessment? Ann Rheum Dis. 2019. 


