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Abstract
BACKGROUND 
Alpha-1 antitrypsin deficiency (AATD) is a codominant autosomal hereditary 
condition that predisposes patients to the development of lung and/or liver 
disease, and Pi*Z allele is the most clinically relevant mutation.

AIM 
To evaluate the impact of clinical parameters and AATD phenotypes, particularly 
the Pi*Z allele, in liver fibrosis.

METHODS 
Cross-sectional cohort study including consecutive patients with AATD followed 
in Pulmonology or Hepatology consultation.

RESULTS 
Included 69 patients, 49.3% had Pi*MZ phenotype and 10.1% Pi*ZZ. An age ≥ 55 
years, age at diagnosis ≥ 41 years and AAT at diagnosis < 77 mg/dL predicted a 
nonalcoholic fatty liver disease fibrosis score (NFS) not excluding advanced 
fibrosis [area under the curve (AUC) = 0.840, P < 0.001; AUC = 0.836, P < 0.001; 
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AUC = 0.681, P = 0.025]. An age ≥ 50 years and age at diagnosis ≥ 41 years predicted a fibrosis-4 index of moderate 
to advanced fibrosis (AUC = 0.831, P < 0.001; AUC = 0.795, P < 0.001). Patients with hypertension, type 2 diabetes 
mellitus (DM), dyslipidaemia, metabolic syndrome, and regular alcohol consumption were more likely to have a 
NFS not excluding advanced fibrosis (P < 0.001, P = 0.002, P = 0.008, P < 0.001, P = 0.033). Patients with at least one 
Pi*Z allele and type 2 DM were 8 times more likely to have liver stiffness measurement ≥ 7.1 kPa (P = 0.040).

CONCLUSION 
Risk factors for liver disease in AATD included an age ≥ 50 years, age at diagnosis ≥ 41 years, metabolic risk 
factors, regular alcohol consumption, at least one Pi*Z allele, and AAT value at diagnosis < 77 mg/dL. We created 
an algorithm for liver disease screening in AATD patients to use in primary care, selecting those to be referred to 
Hepatology consultation.

Key Words: Alpha-1 antitrypsin deficiency; Liver fibrosis; Nonalcoholic fatty liver disease fibrosis score; Fibrosis-4 index; 
Liver stiffness measurement

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with alpha-1 antitrypsin deficiency (AATD) who have more than 50 years of age and had a diagnosis after 
41 years of age are at increased risk of developing liver fibrosis, as well as those who have at least one Pi*Z allele. In 
patients with AATD, the presence of metabolic risk factors, such as hypertension, type 2 diabetes mellitus, and dyslip-
idaemia, and regular alcohol consumption, should be closely monitored and controlled, since these are important risk factors 
for the development of liver fibrosis.

Citation: Ferreira AI, Guimarães C, Macedo Silva V, Xavier S, Magalhães J, Cotter J. Alpha-1 antitrypsin deficiency and Pi*Z allele 
as important co-factors in the development of liver fibrosis. World J Hepatol 2024; 16(8): 1099-1110
URL: https://www.wjgnet.com/1948-5182/full/v16/i8/1099.htm
DOI: https://dx.doi.org/10.4254/wjh.v16.i8.1099

INTRODUCTION
Alpha-1 antitrypsin deficiency (AATD) is one of the most common genetic diseases, a codominant autosomal hereditary 
condition, caused by pathogenic mutations in SERPINA1[1,2]. This condition results in decreased circulating levels of 
AAT and predisposes patients to the development of lung and/or liver disease[1,2].

AAT is mainly synthesized in the hepatocytes, within the endoplasmic reticulum and secreted through the Golgi 
apparatus into the circulation[1]. In patients with severe deficiency alleles, approximately 70% of the mutated AAT is 
degraded in the endoplasmic reticulum, 15% is secreted, and 15% persists within the endoplasmic reticulum as 
inclusions, which are positive on periodic acid-Schiff staining and are the histologic hallmark of the disease[3,4]. Thus, the 
liver retention of misfolded AAT leads to endoplasmic reticulum stress and mitochondrial dysfunction, which results in 
liver disease in a “gain of function” mechanism[1,5,6].

AAT is an important circulating proteinase inhibitor, protecting lung tissue against attack by the enzyme neutrophil 
elastase, which degrades elastin and connective tissue in the lungs[7]. Low plasma AAT levels, seen in severe deficiencies, 
are associated with a markedly increased risk of early-onset emphysema, through a “loss of function” mechanism, 
especially when associated with exposure to cigarette smoke, environment irritants, or infections[1,2].

The wild-type allele of SERPINA1 which encodes AAT is the Pi*M[1]. Although more than 100 SERPINA1 variants 
have been identified, the Pi*Z allele being the most clinically relevant mutation[8]. Pi*Z homozygotes have the highest 
risk of prominent disease and heterozygotes have a clear predisposition but low absolute risk for the development of 
relevant lung or liver disease[8,9]. The Pi*S allele is also clinically significant, although patients with Pi*SZ are less likely 
to develop lung disease than Pi*Z homozygotes[10] and the Pi*S allele confers only a weak risk of liver disease in patients 
with excessive alcohol intake[11].

The Pi*ZZ phenotype although rare, is sufficient to cause end-stage liver disease, while the Pi*MZ phenotype is more 
common and considered a disease modifying factor in patients with other comorbidities, such as cystic fibrosis, alcoholic 
liver disease, and metabolic associated fatty liver disease[1,11,12]. Therefore, patients with AATD should be monitored 
for liver disease, using non-invasive methods[1]. Serum liver scores, such as nonalcoholic fatty liver disease fibrosis score 
(NFS) and fibrosis-4 index (FIB-4), are clinical scores validated for excluding advanced liver fibrosis[13-15], with FIB-4 
index having better diagnostic accuracy for estimation of liver fibrosis among various serum markers[16]. Transient 
elastography (TE) is also useful for excluding significant liver fibrosis. The use of non-invasive tests for monitoring has 
been evaluated in various liver diseases, including alcoholic liver disease, non-alcoholic liver disease and infectious 
hepatitis[17]. However, studies about the non-invasive assessment and surveillance of AATD are lacking. Abbas et al[18] 
established a weak but statistically significant correlation between the FIB-4 index and liver stiffness measurement (LSM), 
with FIB-4 > 1.26 corresponding to LSM > 6 kilopascals (kPa). Generally, the LSM cut-offs used are > 7.1 kPa as 
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suggestive of significant fibrosis, and > 10.0 kPa suggestive of advanced fibrosis[19,20]. One study compared LSM with 
histology in patients with AATD and established lower cut-offs, 5.45 kPa for significant fibrosis and 8.45 kPa for 
advanced fibrosis, both with a high negative predictive value, but low positive predictive value[5]. Therefore, the higher 
cut-offs had a higher positive predictive value compared to the lower cut-offs described in that study and are still the 
most frequently used[5,20]. The aim of this study was to evaluate the impact of demographic, anthropometric, and 
clinical parameters, including the patients’ comorbidities, and AATD phenotypes, particularly the Pi*Z allele, in liver 
fibrosis.

MATERIALS AND METHODS
Study design and population
A cross-sectional cohort study was performed in a university affiliated hospital, including patients with AATD followed 
in Pulmonology or Hepatology consultation. Inclusion criteria were being an adult and having the diagnosis of AATD 
with known phenotype. Patients with a concomitant liver disease (positive serum hepatitis markers, autoimmune 
hepatitis, hereditary liver diseases), extra-hepatic cholestasis, right-sided heart failure, liver transplantation, hepatic 
surgery, ascites, or pregnancy were excluded, as well as patients with medications that may cause steatosis (amiodarone, 
methotrexate, tamoxifen, valproic acid, antimycotic medications or oral corticosteroids), and patients that refused to 
participate in the study. All patients gave informed, written consent prior to enrolling. The study protocol conforms to 
the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the Institutional Review 
Board (Approval number 15/2022).

Data collection and study definitions
Clinical, laboratory and imaging data were collected prospectively and registered anonymously in a database. 
Demographic, anthropometric, clinical, laboratory, and TE data were obtained. Patients’ demographics included age and 
sex, and anthropometric data included weight, height, and waist circumference. The body weight was measured in kg, 
using a weighing scale and the height in m was determined with measuring tape. The body mass index (BMI) was 
calculated as weight in kilograms divided by height in meters squared (kg/m2). Waist circumference was measured at a 
level midway between the lowest rib and the iliac crest, evaluated in cm with measuring tape.

The presence of comorbid conditions was reported, namely hypertension, type 2 diabetes mellitus (DM), dyslip-
idaemia, obesity, metabolic syndrome, medication use, alcohol consumption, and smoking habits. Obesity was regarded 
as a BMI equal or superior to 30.0 kg/m2. Metabolic syndrome was defined by the International Diabetes Federation 
criteria[21,22] as central obesity that corresponds to abdominal circumference ≥ 94 cm in men or ≥ 80 cm in women and at 
least 2 of the following: Triglycerides ≥ 150 mg/dL or specific treatment for hypertriglyceridemia; high-density 
lipoprotein cholesterol < 40 mg/dL in men or < 50 mg/dL in women or specific treatment for dyslipidaemia; systolic 
blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg or treatment for previously diagnosed arterial 
hypertension; and fasting glucose ≥ 100 mg/dL or type 2 DM previously diagnosed. Regular alcohol intake was 
considered as a consumption of 25 or more grams of alcohol per day, every day. The AAT phenotype and value at 
diagnosis was also reported, with the AAT value at diagnosis measured in our institution by immunoturbidimetry, with 
a protective threshold of 78 mg/dL. Finally, the forced expiratory volume in 1 s (FEV1) and diffusing capacity for carbon 
monoxide (DLCO) values were collected from the pulmonary function tests performed in our institution.

The primary endpoints evaluated included the stage of liver fibrosis, which was assessed using non-invasive serum 
scores and TE. The evaluated fibrosis serum scores were NFS and FIB-4. The NFS was calculated according to the 
following formula: -1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m2) + 1.13 × impaired fasting glucose/DM (yes = 1, no = 
0) + 0.99 × aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio - 0.013 × platelet count (× 109/L) - 0.66 
× albumin (g/dL)[13]. A value of less than -1.455 was regarded as excluding advanced fibrosis[13,23]. The FIB-4 index 
was calculated as: Age × AST (IU/L)/[platelet count (×109/L) × ALT (IU/L)0.5][13]. A score below 1.45 was indicative of 
mild fibrosis, while a score above 3.25 was indicative of advanced fibrosis; a score between 1.45 and 3.25 was regarded as 
moderate fibrosis[13]. The LSM was assessed through TE in kPa. This exam was performed with at least 3-h fasting, with 
the patient laying in dorsal decubitus and with maximal abduction of the right arm, and the probe being placed in the 
right medial-clavicular line, between the 9th and 11th intercostal space[24]. The probe M or XL was used according to the 
device’s suggestion, with the XL probe being used if the distance between the skin and the hepatic capsule is ≥ 25 mm
[24]. A valid TE result was considered after 10 valid measurements and interquartile range ≤ 30%[25]. Since there are no 
established LSM cut-offs for AATD liver disease, a LSM > 7.1 kPa was used as suggestive of significant fibrosis and ≥ 10 
kPa was suggestive of advanced fibrosis, according to previously established cut-offs in other liver diseases (mainly viral 
aetiologies and alcoholic liver disease)[19,20]. The presence of steatosis was assessed by the controlled attenuation 
parameter and results were expressed in decibel per meter (dB/m). The cut-off > 268 dB/m was used as an indicator of 
moderate steatosis, and > 280 dB/m for severe steatosis[18].

Statistical analysis
Categorical variables were described as frequencies and percentages, and continuous variables as mean and SD if 
normally distributed, or as median if not normally distributed. Comparison of categorical variables was performed using 
the χ2 test, which was also used to calculate the odds ratio (OR), as well as 95% confidence intervals (CI) for OR. Means 
and medians of continuous variables were compared using independent group t-tests or Mann-Whitney U test, 
respectively. Receiver operating characteristic (ROC) curves were obtained to illustrate the diagnostic ability of 
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continuous variables to predict a NFS that does not exclude advanced fibrosis and a FIB-4 indicative of moderate to 
advanced fibrosis. A P value < 0.05 was considered statistically significant. Statistical analysis software IBM SPSS version 
29.0 (IBM Corp., Armonk, NY, United States) was used for all tests performed.

RESULTS
Baseline characteristics of the study population
A total of 69 patients were included. The details of the population’s baseline characteristics are present in Table 1. 
Metabolic syndrome was present in 22 patients (31.9%) and regular alcohol intake occurred in 29 patients (42.0%). The 
main clinical presentation of AATD was pulmonary disease, in 40 patients (58.0%); 17 patients had altered biochemical 
liver parameters (24.6%) and, in 12 patients, AATD was diagnosed through screening of affected family members (17.4%). 
The median value of AAT at diagnosis was 67 mg/dL and the presence of at least one Pi*Z allele occurred in 55 patients 
(79.7%). The most frequent phenotype was Pi*MZ, in 34 patients (49.3%). The Pi*ZZ genotype was present in 7 patients 
(10.1%). Regarding the study outcomes, the median LSM value was 5.0 kPa, the mean NFS value was -2.225 ± 1.392 and 
the median FIB-4 value was 1.05. Pi*ZZ patients had a median LSM value of 5.7 kPa, a mean NFS value of -1.779 ± 1.517 
and a median FIB-4 value of 1.17. Pi*MZ patients had a median LSM value of 5.1 kPa, a mean NFS value of -2.295 ± 1.526 
and a median FIB-4 value of 1.03.

Factors associated with liver fibrosis in patients with AATD
NFS: A NFS value of more than -1.455 was considered as not excluding advanced fibrosis[13], with 27.5% of patients 
having a NFS value that does not exclude advanced fibrosis. Factors associated with a NFS not excluding advanced 
fibrosis are present in Table 2.

Patients with a NFS value that does not exclude advanced fibrosis had a statistically significant higher age (64 vs 46 
years, P < 0.001) and higher age at diagnosis (57 ± 11 vs 39 ± 16 years, P < 0.001). A patients’ age equal or superior to 55 
years had a very good discriminative ability in predicting a NFS not excluding advanced fibrosis, with a sensitivity of 
94.7% and specificity of 28.6% [area under the curve (AUC) = 0.840, P < 0.001]. Additionally, a patients’ age at diagnosis 
equal or superior to 41 years also had a very good discriminative ability in predicting a NFS not excluding advanced 
fibrosis, with a sensitivity of 94.7% and specificity of 53.1% (AUC = 0.836, P < 0.001).

Patients with hypertension were 17 times more likely to have a NFS not excluding advanced fibrosis (78.9% vs 18.4%, P 
< 0.001), and those with type 2 DM were 8 times more likely to have a NFS not excluding advanced fibrosis (47.4% vs 
10.2%, P = 0.002). Patients with dyslipidaemia were 4 times more likely to have a NFS not excluding advanced fibrosis 
(63.2% vs 28.6%, P = 0.008), and those with metabolic syndrome were 7 times more likely to have a NFS not excluding 
advanced fibrosis (63.2% vs 20.4%, P < 0.001). Patients with regular alcohol consumption were 3 times more likely to have 
a NFS not excluding advanced fibrosis (63.2% vs 34.7%, P = 0.033).

Patients with NFS that does not exclude advanced fibrosis had a statistically significant lower AAT at diagnosis (56 
mg/dL vs 71 mg/dL, P = 0.025). AAT value at diagnosis inferior to 77 mg/dL showed a good discriminative capacity in 
predicting a NFS value considered as not excluding advanced fibrosis, with a sensitivity of 94.4% and specificity of 64.6% 
(AUC = 0.681, P = 0.025).

There was no statistically significant association between patients with or without Pi*ZZ phenotype and a NFS not 
excluding advanced fibrosis (P = 0.390). No statistically significant association was found between FEV1 and DLCO and a 
NFS not excluding advanced fibrosis (P = 0.801 and P = 0.225, respectively). The ROC curves illustrating the diagnostic 
ability of the patients’ age, age at diagnosis, and AAT at diagnosis in predicting a NFS value that does not exclude 
advanced fibrosis are present in Figure 1.

FIB-4: A FIB-4 score below 1.45 was regarded as indicative of mild fibrosis, while a score equal or superior to 1.45 was 
considered moderate to advanced fibrosis[13], which occurred in 27.5% of the patients in our cohort. Factors associated 
with FIB-4 scores indicative of mild and moderate to advanced fibrosis are present in Table 3.

Patients with moderate to advanced fibrosis had a statistically significant higher age (63 ± 11 vs 45 ± 16 years, P < 0.001) 
and higher age at diagnosis (56 ± 11 vs 40 ± 16 years, P < 0.001). A patients’ age equal or superior to 50 years had a very 
good discriminative ability in predicting moderate to advanced fibrosis, with a sensitivity of 94.7% and specificity of 
42.0% (AUC = 0.831, P < 0.001). Additionally, a patients’ age at diagnosis equal or superior to 41 years also had a very 
good discriminative ability in predicting moderate to advanced fibrosis, with a sensitivity of 94.7% and specificity of 
54.0% (AUC = 0.795, P < 0.001). The ROC curves illustrating the diagnostic ability of the patients’ age and age at diagnosis 
in predicting a FIB-4 indicative of moderate to advanced fibrosis are present in Figure 2.

Patients with hypertension were 5 times more likely to have a FIB-4 score equal or superior to 1.45 (63.2% vs 24.0%, P = 
0.002). Patients with regular alcohol consumption were 3 times more likely to have a FIB-4 score equal or superior to 1.45 
(63.2% vs 34.0%, P = 0.028). Other patients’ comorbid conditions, namely type 2 DM, dyslipidaemia, obesity, and 
metabolic syndrome were not associated with FIB-4 values indicative of moderate to advanced fibrosis (P = 0.508, P = 
0.387, P = 1.000 and P = 0.586, respectively).

There was no statistically significant association between patients with or without Pi*ZZ phenotype and a FIB-4 
indicative of moderate to advanced fibrosis (P = 0.384). No statistically significant association was found between AAT 
values at diagnosis, FEV1 and DLCO and a FIB-4 indicative of moderate to advanced fibrosis (P = 0.060, P = 0.944 and P = 
0.325).
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Table 1 Baseline characteristics of the study population

Variable Study population’s characteristics

Sex, n (%)

Female 28 (40.6)

Male 41 (59.4)

Age at diagnosis (yr), mean ± SD 45 ± 17

Age (yr), mean ± SD 50 ± 17

BMI (kg/m2), mean ± SD 26.4 ± 4.5

Waist circumference (cm), mean ± SD 94 ± 13

Arterial hypertension, n (%) 24 (34.8)

Type 2 DM, n (%) 14 (20.3)

Dyslipidaemia, n (%) 27 (39.1)

Obesity, n (%) 15 (21.7)

Metabolic syndrome, n (%) 22 (31.9)

Regular alcohol intake, n (%) 29 (42.0)

Smoking habits, n (%)

Non-smoker 46 (66.7)

Smoker 7 (10.1)

Ex-smoker 16 (23.2)

AAT clinical presentation, n (%)

Respiratory 40 (58.0)

Hepatic 17 (24.6)

Screening 12 (17.4)

AAT value at diagnosis (mg/dL), median 67

AAT phenotype, n (%)

MZ 34 (49.3)

SZ 14 (20.3)

ZZ 7 (10.1)

SS 6 (8.7)

MS 4 (5.8)

MMHeerlen 2 (2.9)

SMHeerlen 2 (2.9)

FEV1 (%), mean ± SD 94 ± 29

DLCO, mL of CO/s/mmHg, median 92

BMI: Body mass index; DM: Diabetes mellitus; AAT: Alpha-1 antitrypsin; FEV1: Forced expiratory volume in the first second; DLCO: Diffusing capacity of 
the lungs for carbon monoxide.

LSM: Considering LSM cut-off for significant fibrosis (≥ F2) as 7.1 kPa, 10.8% of patients were included in this subgroup. 
The patients’ age, sex, and anthropometric values (BMI and waist circumference) were not associated with significant 
fibrosis (P = 0.553, P = 698, P = 0.787, and P = 0.207). No statistically significant association was found between patients’ 
comorbid conditions, namely hypertension, type 2 DM, dyslipidaemia, obesity, metabolic syndrome, and regular alcohol 
consumption, and significant fibrosis with LSM value equal or superior to 7.1 kPa (P = 0.215, P = 0.136, P = 0.703, P = 
0.638, P = 0.667, and P = 1.000), as well as between AAT values at diagnosis, FEV1 and DLCO and significant fibrosis (P = 
0.743, P = 0.404, and P = 0.235). There was no statistically significant association between AAT phenotypes and a LSM 
value equal or superior to 7.1 kPa (Pi*MZ vs Pi*SZ P = 0.256; Pi*MZ vs Pi*ZZ P = 0.533; Pi*SZ vs Pi*ZZ P = 0.243; Pi*SZ 
vs Pi*SS P = 0.386; Pi*ZZ vs Pi*SS P = 0.315).
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Table 2 Factors associated with a nonalcoholic fatty liver disease fibrosis score value that does not exclude advanced fibrosis

Variable Excluding advanced fibrosis 
(NFS < -1.455), n = 49

Not excluding advanced fibrosis 
(NFS ≥ -1.455), n = 19 P value OR 95%CI

Sex, n (%) 0.232 0.523 0.179-1.526

Female 18 (36.7) 10 (52.6)

Male 31 (63.3) 9 (47.4)

Age at diagnosis (yr), mean ± 
SD

39 ± 16 57 ± 11 < 0.001a - -

Age (yr), median 46 64 < 0.001a - -

BMI (kg/m2), mean ± SD 26.1 ± 4.4 27.1 ± 4.9 0.409 - -

Waist circumference (cm), 
median

94 99 0.235 - -

Arterial hypertension, n (%) < 0.001a 16.667 4.457-62.318

Yes 9 (18.4) 15 (78.9)

No 40 (81.6) 4 (21.1)

Type 2 DM, n (%) 0.002a 7.920 2.178-28.799

Yes 5 (10.2) 9 (47.4)

No 44 (89.8) 10 (52.6)

Dyslipidaemia, n (%) 0.008a 4.286 1.399-13.127

Yes 14 (28.6) 12 (63.2)

No 35 (71.4) 7 (36.8)

Obesity, n (%) 0.329 2.051 0.613-6.863

Yes 9 (18.4) 6 (31.6)

No 40 (81.6) 13 (68.4)

Metabolic syndrome, n (%) < 0.001a 6.686 2.091-21.382

Yes 10 (20.4) 12 (63.2)

No 39 (79.6) 7 (36.8)

Regular alcohol intake, n (%) 0.033a 3.227 1.072-9.716

Yes 17 (34.7) 12 (63.2)

No 32 (65.3) 7 (36.8)

AAT value at diagnosis 
(mg/dL), median

71 56 0.025a - -

FEV1 (%), mean ± SD 95 ± 27 93 ± 34 0.801 - -

DLCO, mL of CO/s/mmHg, 
median

95 88 0.225 - -

aP < 0.05.
NFS: Nonalcoholic fatty liver disease fibrosis score; OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; DM: Diabetes mellitus; AAT: Alpha-1 
antitrypsin; FEV1: Forced expiratory volume in the first second; DLCO: Diffusing capacity of the lungs for carbon monoxide.

Factors associated with liver fibrosis in patients with AATD and at least one Pi*Z allele
Considering only patients with at least one Pi*Z allele, factors associated with a NFS value that does not exclude 
advanced fibrosis were similar to the general AATD population of our study, and included age, age at diagnosis, 
hypertension, type 2 DM, dyslipidaemia, and metabolic syndrome (P < 0.001, P < 0.001, P < 0.001, P = 0.014, P = 0.012, 
and P < 0.001). Factors associated with a FIB-4 score indicative of moderate to advanced fibrosis in patients with at least 
one Pi*Z allele were the same as in the general AATD population of our study, and included age, age at diagnosis and 
hypertension (P < 0.001, P < 0.001, and P = 0.005). In patients with at least one Pi*Z allele, the presence of DM was 
associated with 8 times higher likelihood of significant liver fibrosis with LSM equal or superior to 7.1 kPa (P = 0.040).
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Table 3 Factors associated with fibrosis-4 values indicative of mild or moderate to severe fibrosis

Variable Mild fibrosis (FIB-4 < 
1.45), n = 50

Moderate to severe fibrosis (FIB-4 
≥ 1.45), n = 19 P value OR 95%CI

Sex, n (%) 0.479 0.681 0.234-1.978

Female 19 (38.0) 9 (47.4)

Male 31 (62.0) 10 (52.6)

Age at diagnosis (yr), mean ± SD 40 ± 16 56 ± 11 < 0.001a - -

Age (yr), mean ± SD 45 ± 16 63 ± 11 < 0.001a - -

BMI (kg/m2), mean ± SD 26.5 ± 4.4 26.2 ± 4.9 0.800 - -

Waist circumference (cm), mean ± 
SD

94 ± 12 93 ± 14 0.898 - -

Arterial hypertension, n (%) 0.002a 5.429 1.743-16.903

Yes 12 (24.0) 12 (63.2)

No 38 (76.0) 7 (36.8)

Type 2 DM, n (%) 0.508 1.627 0.466-5.680

Yes 9 (18.0) 5 (26.3)

No 41 (82.0) 14 (73.7)

Dyslipidaemia, n (%) 0.387 1.600 0.549-4.664

Yes 18 (36.0) 9 (47.4)

No 32 (64.0) 10 (52.6)

Obesity, n (%) 1.000 0.945 0.260-3.435

Yes 11 (22.0) 4 (21.1)

No 39 (78.0) 15 (78.9)

Metabolic syndrome, n (%) 0.586 1.361 0.448-4.135

Yes 15 (30.0) 7 (36.8)

No 35 (70.0) 12 (63.2)

Regular alcohol intake, n (%) 0.028a 3.328 1.107-10.003

Yes 17 (34.0) 12 (63.2)

No 33 (66.0) 7 (36.8)

AAT value at diagnosis (mg/dL), 
median

71 58 0.060 - -

FEV1 (%), mean ± SD 94 ± 27 94 ± 36 0.944 - -

DLCO, mL of CO/s/mmHg, 
median

94 88 0.325 - -

aP < 0.05.
FIB-4: Fibrosis-4 index; OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; DM: Diabetes mellitus; AAT: Alpha-1 antitrypsin; FEV1: Forced 
expiratory volume in the first second; DLCO: Diffusing capacity of the lungs for carbon monoxide.

DISCUSSION
Our study identified 27.5% of patients with AATD, regardless of the phenotype, as having significant fibrosis through 
serum liver scores, namely NFS and FIB-4. In evaluation via TE, a LSM suggesting significant fibrosis occurred in 10.8% of 
our patients with AATD, regardless of the phenotype. In previous studies, clinically significant liver fibrosis, through 
non-invasive assessment, is present in 20%-35% of adults with AATD[5,20].

Patients with NFS that does not exclude advanced fibrosis and a FIB-4 indicative of moderate to advanced fibrosis had 
a significant higher age and a significant higher age at diagnosis, mainly in those with 41 or more years of age at 
diagnosis. Increasing age is associated with an increased risk of liver fibrosis, considering it is a genetic disease and the 
duration of the exposure of hepatocytes to the misfolded AAT increases with age[20], which is also associated with 
increased proteotoxic stress and decreased autophagic capacity[26,27]. Age younger than 50 years has been associated 
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Figure 1 Receiver operating characteristic curves illustrating the diagnostic ability of the patients’ age, age at diagnosis, and alpha-1 
antitrypsin at diagnosis in predicting a nonalcoholic fatty liver disease fibrosis score value that does not exclude advanced fibrosis. A: 
The patients’ age; B: Age at diagnosis; C: Alpha-1 antitrypsin at diagnosis. AAT: Alpha-1 antitrypsin; AUC: Area under the curve.

Figure 2 Receiver operating characteristic curves illustrating the diagnostic ability of the patients’ age and age at diagnosis in predicting 
a fibrosis-4 index indicative of moderate to advanced fibrosis. A: The patients’ age; B: Age at diagnosis. AUC: Area under the curve.
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Figure 3 Proposed algorithm for the screening of liver disease in patients with alpha-1 antitrypsin deficiency. DM: Diabetes mellitus; AAT: 
Alpha-1 antitrypsin; FIB-4: Fibrosis-4 index; NFS: Nonalcoholic fatty liver disease fibrosis score; AATD: Alpha-1 antitrypsin deficiency; TE: Transient elastography; 
LSM: Liver stiffness measurement.

with lower rates of significant liver fibrosis, especially in males[12,20,28,29], although no major impact was found in 
females[20].

AATD patients with hypertension, type 2 DM, dyslipidaemia, metabolic syndrome, and regular alcohol intake were 
more likely to have liver serum tests not excluding advanced fibrosis. In patients with at least one Pi*Z allele, the 
presence of DM was associated with a higher likelihood of significant liver fibrosis (≥ F2), which is not surprising since 
these are the main risk factors for chronic liver disease and their association with AATD is an important contributor for 
liver fibrosis. Risk factors for advanced liver fibrosis in AATD patients include male sex, metabolic syndrome, obesity, 
and type 2 DM, especially in patients with Pi*ZZ[1,5,12,20,29,30]. In fact, obesity is associated with liver fibrogenesis[31], 
and insulin resistance leads to an increase in lipolysis and thus increasing the endoplasmic reticulum stress of patients 
with AATD[32]. Obesity, insulin resistance, and type 2 DM are risk factors associated with LSM equal or superior to 7.1 
kPa in patients with Pi*MZ phenotype[20,33].

In our cohort, an AAT value at diagnosis inferior to 77 mg/dL, measure by immunoturbidimetry, was able to predict a 
NFS value considered as not excluding advanced fibrosis. It is important to consider the method used for AAT 
measurement, since different methods are available and have different ranges of normal values and protective thresholds
[2]. For instance, in the method used in our institution, the normal values range between 150-200 and 350-400 mg/dL, 
with a protective threshold of 80 mg/dL, while, in nephelometry, the normal values range between 83-120 and 200-220 
mg/dL, with a protective threshold of 57 mg/dL, and, in purified standard tests, the normal values are 20-53 μmol/L, 
with a protective threshold of 11 μmol/L[2]. In fact, previous studies have demonstrated that higher serum levels of AAT 
in PI*ZZ individuals are significantly and independently associated with better FEV1, with a strong relationship between 
lower levels of AAT and lung parenchymal disease[34].

There was no statistically significant association between AAT phenotypes and a NFS not excluding advanced fibrosis, 
a FIB-4 indicative of moderate to advanced fibrosis or a LSM value equal or superior to 7.1 kPa. It has been established 
that the Pi*MZ phenotype is disease-modifying, a risk factor for the development of liver disease, in the presence of other 
liver diseases[12,20,29]. In fact, Pi*ZZ patients are 20 times more likely to develop liver fibrosis and cirrhosis and Pi*SZ 
have a 3 times higher risk, compared to non-carriers, while Pi*MZ individuals have a lower increased odds ratio for liver 
fibrosis[33]. These differences between our cohort and previous studies can be explained by the disproportion of patients 
with Pi*MZ and Pi*ZZ phenotypes, and the small patient sample.

In our cohort, no statistically significant association was found between FEV1 and DLCO and a NFS not excluding 
advanced fibrosis, a FIB-4 indicative of moderate to advanced fibrosis or a LSM value equal or superior to 7.1 kPa. There 
is controversy regarding the correlation between the severity of lung and liver involvement, with several studies not 
identifying a statistically significant association between lung function parameters and liver disease, confirming the 
current model of two different and independent pathogenic mechanisms[5,20]. However, another study, with 10% of 
patients with chronic liver disease, 7% liver cirrhosis, and 2% hepatocellular carcinoma, has found that lung function is 
poorer in those with liver disease, and chronic obstructive pulmonary disease was more common in patients with liver 
disease[28]. The differences between this study and our results can be due to the low prevalence of liver fibrosis in our 
sample. More recently, it was reported that patients with predominant impairment in diffusion capacity also have signs 
of liver involvement, with higher FIB-4 values, lower platelet levels and higher percentage of individuals with diagnosed 
liver disease[34].

Using the associations found in our cohort, we developed an algorithm for the screening of liver disease in patients 
with AATD (Figure 3). AATD patients and one additional risk factor for liver fibrosis should be monitored and their NFS 
and FIB-4 calculated. Those with a NFS not excluding advanced fibrosis and/or a FIB-4 indicative of moderate to 
advanced fibrosis must be referred to TE for LSM evaluation and Hepatology consultation. This algorithm can be a useful 
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tool in primary care and Pulmonology consultation, stratifying patients with AATD at increased risk of liver fibrosis, 
allowing patient selection for referral to Hepatology consultation and emerging clinical trials in AATD liver therapies.

CONCLUSION
Our study supports the increasing evidence that patients with AATD are at risk of developing liver disease in the 
presence of comorbid conditions, namely metabolic risk factors and regular alcohol consumption. Additional risk factors 
were identified, such as age equal or superior to 50 years, having at least one Pi*Z allele, an age at diagnosis equal or 
superior to 41 years, and an AAT value at diagnosis inferior to 77 mg/dL. Therefore, it is important to minimise 
coexisting factors in individuals with AATD phenotypes that confer an increased risk of liver fibrosis (Pi*MZ, Pi*ZZ and 
Pi*SZ). These patients should have a tight control of metabolic factors, with weight reduction, nutrition consultations, 
controlled blood pressure, dyslipidaemia and glycaemia, and reduction of alcohol consumption, be advised to lose 
weight and avoid alcohol use. Long-term, longitudinal, and prospective studies are crucial to monitor these patients and 
determine the rate of disease progression and the occurrence of complications of advanced chronic liver disease, such as 
cirrhosis and liver cancer, as well as the impact of the correction of metabolic factors in the progression of liver disease.
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