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Abstract

Objective—Alpha-1-antitrypsin deficiency (A1AT) is a common genetic disease with 

unpredictable and highly variable course. The Childhood Liver Disease Research and Education 

Network (ChiLDREN) is an NIH, multi-center, longitudinal consortium studying pediatric liver 

diseases, with the objective of prospectively defining natural history and identifying disease 

modifiers.

Methods—Longitudinal, cohort study of A1AT patients birth through 25 years diagnosed with 

liver disease, type PIZZ or PISZ. Medical history, physical exam, laboratory, imaging, and 

standardized survey tool data were collected during the provision of standard of care.

Results—In this report of the cohort at baseline, 269 subjects were enrolled between Nov. 2008 

and Oct. 2012 (208 with their native livers and 61 post-liver transplant). Subjects with mild 

disease (native livers and no portal hypertension [PHT]) compared to severe disease (with PHT or 

post-liver transplant) were not different in age at presentation. 57% of subjects with mild disease 

and 76% with severe disease were jaundiced at presentation (p=0.0024). 29% of subjects with 

native livers had PHT, but age at diagnosis and growth were not different between the no PHT and 

PHT groups (p>0.05). Subjects with native livers and PHT were more likely to have elevated 

bilirubin, ALT, AST, INR, and GGTP than the no PHT group (p≪0.001), but overlap was large. 

Chemistries alone could not identify PHT.

Conclusion—Many A1AT subjects presenting with elevated liver tests and jaundice improve 

spontaneously. Subjects with PHT have few symptoms and normal growth. Longitudinal cohort 

follow up will identify genetic and environmental disease modifiers. NCT00571272.
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cirrhosis; liver transplant; liver enzymes; metabolic liver disease; jaundice
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Introduction

Alpha-1-antitrypsin (A1AT) deficiency is a common genetic liver disease occurring in 1 in 

2,000-3,500 births (1, 2). It is associated with chronic liver disease and cirrhosis in children 

and adults. The Z mutant of the A1AT gene is a point mutation that encodes a single amino 

acid substitution, and is associated with the vast majority of A1AT liver disease, either as 

the classical form of homozygous ZZ A1AT deficiency, or as the SZ compound 

heterozygous form (1). The mechanism of the liver injury involves the accumulation within 

hepatocytes of the A1AT mutant Z protein, which triggers hepatocellular death, 

compensatory regeneration and hepatic fibrosis (1, 3-5). The clinical course of A1AT 

deficiency liver disease is highly variable. Some patients present with neonatal cholestasis, 

which often resolves spontaneously, although some patients develop cirrhosis later in 

infancy or childhood. Other patients may come to medical attention because of chronic 

hepatomegaly, splenomegaly, or elevated liver chemistries discovered during childhood 

evaluations. Older children and adults may present with cirrhosis or hepatocellular 

carcinoma, although many patients remain healthy and free of severe liver injury until late 

adulthood. The genetic and environmental modifiers of this wide variability are largely 

unknown (1, 2, 6, 7). In the early 1970s, a cohort of 127 ZZ A1AT deficient children was 

identified in Sweden by newborn screening(8-10). This cohort had a very low, (<5%), rate 

of life threatening liver disease in childhood, and no liver disease in survivors from the 

second through the fourth decades of life. This is in contrast to various single center, 

retrospective reports from more genetically mixed groups of patients in North America and 

Britain showing a wider range of liver complications and the progression of disease in some 

patients throughout childhood(1, 2, 11-15). It may be that some complications of liver 

disease are too infrequent to be detected in the Swedish cohort of 127 individuals, there may 

be ascertainment bias, or there may be a different set of disease modifiers associated with 

more severe disease are found outside of Sweden.

The Childhood Liver Disease Research and Education Network (ChiLDREN) is an NIH 

funded consortium of 16 pediatric tertiary care centers in North America focused on the 

study of rare pediatric liver diseases (16-19). This network includes the Longitudinal 

Observational Study of Genetic Causes of Intrahepatic Cholestasis (LOGIC), the goal of 

which is to describe the natural history and disease modifiers of a group of metabolic-

cholestatic liver diseases, including A1AT deficiency. This is a non-interventional, 

observational protocol with retrospective and prospective components, however it is biased 

to referral centers and not a birth cohort. We hypothesized that the study of a large, well 

characterized, and multi-center cohort of patients will provide a better understanding of the 

natural history and clinical variability, and that construction of a database of patient 

information linked to DNA and biospecimens will allow identification of the genetic and 

environmental modifiers. This is the baseline enrollment report of the LOGIC subjects with 

A1AT deficiency with the aim of characterizing baseline history, physical exam and 

laboratory findings in those enrolled with severe disease (pre-existing portal hypertension or 

liver transplant) compared to those with mild disease (native liver with little or no fibrosis). 

Our hypothesis is that history, physical exam and laboratory findings associated with severe 

disease can be identified and will aid in diagnosis, disease prognostication and may give 
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clues to areas of future treatments and research. Future reports will be made as the cohort is 

followed prospectively and as outcomes are linked to ongoing biospecimen analysis.

Methods

A1AT enrollment into LOGIC at baseline is reported Nov. 2008-Oct. 2012. IRB approvals 

and consents were obtained at each site. Eligibility for enrollment included PIZZ or PISZ 

serum protein phenotype or genotype, low serum level of A1AT protein, age birth to 

25years, and the presence of or a history of liver disease as defined by one of the following 

(#1-6): (#1) neonatal cholestasis (serum direct or conjugated bilirubin >2mg/dL and >20% 

of total bilirubin), (#2) >1.25 × normal ALT, AST, or GGT, (#3) chronic hepatomegaly 

(clinically measured liver span >95%ile for age for at least 3mo.), (#4) clinical findings or 

complications of portal hypertension or cirrhosis (as determined by the clinical judgment of 

the investigator, including for example, esophageal variceal hemorrhage or hard 

hepatosplenomegaly in the context of imaging consistent with cirrhosis), (#5) impaired liver 

synthetic function, or (#6) abnormal liver biopsy histology showing liver injury, other than 

globular inclusions of A1AT (inflammation, fibrosis, cholestasis, bile duct paucity, or 

necrosis). Subjects were also enrolled if they had undergone liver transplant in the past for 

A1AT deficiency and had previously fulfilled these criteria.

At enrollment, medical history was obtained, including review of available medical records, 

and a physical exam was performed. Samples of serum, plasma, urine, and DNA were 

obtained during clinical laboratory draws at the baseline visit and at subsequent yearly visits, 

and stored in a repository. Updates in medical history and physical exam were documented 

at annual follow up visits. The results of imaging studies, surgery, and endoscopy, 

performed for standard of care indications, were collected. Quality of life measures were 

obtained annually (Pediatric Quality of Life Inventory, Version 4.0), and standardized 

neurodevelopmental assessments (1-2 years old: Bayley Scales of Infant Development-III, 

3-5 years old Wechsler Preschool and Primary Scale of Intelligence-III, 6-16 years old 

Wechsler Intelligence Scale for Children-IV, 17-25 years old Wechsler Adult Intelligence 

Scale-III).

In this analysis, portal hypertension (PHT) was defined by previously validated and 

published criteria for patients with their native liver as “definite” when there was either a 

history of a complication of PHT (variceal hemorrhage, ascites, or hepatopulmonary 

syndrome) or clinical findings consistent with PHT (both splenomegaly [spleen > 2 cm 

below the costal margin] and thrombocytopenia [platelet count < 150,000/mm3])(19). PHT 

was denoted as “possible” if either splenomegaly or thrombocytopenia were present in the 

absence of a complication. PHT was considered to be absent if none of these criteria were 

met. For the analysis as noted below the “definite” and “possible” PHT were grouped 

together as “PHT” unless otherwise noted. For comparisons noted below, patients with 

“severe” liver disease were defined as any subject status-post liver transplant or any subject 

with their native liver with PHT. Patients with “mild” liver disease were defined as subjects 

with their native liver without PHT. It is also important to note that this is an observational 

cohort enrolled during the provision of clinical care at multiple centers. There were not 

standardized, protocol driven imaging studies, endoscopies, or biopsies, although the results 
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of studies like these done as a part of clinical care were captured. Therefore, our eligibility 

and case definitions, as defined in the Methods, are based on available history, physical 

exam, and minimally invasive (blood draw) laboratory studies. As part of the data analysis, 

studies such as ultrasounds, as described below, were then compared to the existing, 

enrollment clinical case definitions.

For continuous outcomes, the mean, standard deviation, median, first and third quartiles, and 

minimum and maximum are reported by group. For categorical outcomes, the number and 

percentage are reported by group. Comparisons of the following subgroups were performed 

using Wilcoxon rank-sum tests for continuous outcomes and Fisher's exact tests for discrete 

outcomes: 1) The native liver group versus the post-transplant group (Table 1); 2) Subjects 

with mild liver disease versus subjects with severe liver disease (Table 2); and 3) Native 

liver subjects with PHT, versus native liver subjects without PHT (Table 3). Splenomegaly 

as determined by ultrasound was also available for many subjects in the cohort, defined as 

published by spleen size greater than 90th percentile for age (20). The two definitions of 

PHT, one using physical exam-based splenomegaly, and the other using ultrasound-based 

splenomegaly, were compared and are reported.

Results

Demographics of the A1AT liver disease cohort

As of October 2012, there were 269 A1AT liver disease subjects in the cohort (Table 1). Of 

these, 208 had their native livers and 61 were post-liver transplant. Of the 269 subjects, 61% 

are male, 93% are white race, 1% African American, and 5% report multiracial. Ethnicity 

was >90% non-Hispanic white and 7% Hispanic, as consistent with the known genetics of 

A1AT deficiency, which is overwhelmingly found in Caucasians (1, 3). 246 subjects are 

homozygous ZZ and 21 are SZ. The mean age at which symptoms of liver disease were first 

noted was 1.3 years and the mean age at diagnosis of A1AT deficiency (these were usually 

determined retrospectively, prior to enrollment), was 1.7 years, (range 0 to 20.2 years) (1, 2, 

8). There was no difference between the native liver and post liver transplant group in age 

when symptoms of liver disease were first noted, age at A1AT deficiency diagnosis, gender, 

race, ethnicity, or A1AT genotype.

Comparison of mild liver disease to severe liver disease

The range of severity of A1AT deficiency liver disease is very broad, although by definition 

of eligibility for study enrollment, all of the subjects in this cohort have a history of some 

form of liver disease. Therefore, in order to better understand the natural history and to 

better associate genetic and environmental factors with disease severity we have identified 

sub groups of mild liver disease (55% of the subjects) and severe liver disease (45% of the 

subjects) (Table 2 and Supplemental Data). The mild liver disease group is comprised of 

patients with their native livers and no evidence of portal hypertension (PHT), while the 

severe liver disease group includes all post-liver transplant subjects, and all subjects with 

their native livers and PHT (see methods for validated and published criteria)(18). 56% of 

the mild liver disease group are male, compared to 67% of the severe liver disease group 

(p=0.08). There was also no significant difference in race, ethnicity, or in the proportion of 
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ZZ to SZ subjects between the groups. Mean age at which liver disease was first noted was 

1.1 years in the mild group and 1.6 years in the severe group, which was not significantly 

different (Figure 1). This was felt to be an important observation, as some clinicians use 

early life events to make disease prognosis projections for families. Jaundice at presentation 

was common in all subjects, but was significantly more likely in the severe (76%) disease 

than the mild disease (57%) group (p=0.0024). Many subjects who presented with jaundice 

resolved spontaneously.

A history of ascites and gastrointestinal bleeding at disease presentation were significantly 

associated with the severe liver disease group, although they were uncommon in both 

groups. A history of pruritus, diarrhea, failure to thrive, bone fractures, rickets, vitamin E 

deficiency, and abnormal liver enzymes were not significantly different between these 

groups, but were also very uncommon. Jaundice, ascites, pruritus, failure to thrive and 

gastrointestinal bleeding when present at the time of definitive disease diagnosis, were 

significantly associated with the severe liver disease group (p<0.05). When signs, symptoms 

and complications over lifetime, including presentation and the time of definitive diagnosis, 

were examined, ascites, peritonitis, gastrointestinal bleeding, coagulopathy, and pruritus 

were all significantly associated with the severe liver disease group. It was also found that 4 

subjects (3.4%) in the severe liver disease group had a history of pancreatitis, while none of 

the mild disease subjects were reported to have had pancreatitis (p=0.04). Pancreatitis has 

not been previously reported to be associated with A1AT deficiency in children.

Finally, we examined quality of life measures. Fewer parents rated their child's health as 

excellent in the severe liver disease group (32%) compared to the mild liver disease group 

(56%) (p<0.0001). There was also more likely to be “some” (49%) or “a great deal” (23%) 

of effect of liver disease on family life in the severe liver disease group (p<0.0001). The 

interesting aspect of these data is the fairly small impact on quality of life measures of this 

life-long and multi-organ genetic disease unless the liver disease became severe, and even 

then 29% of severe disease respondents report no effect on family life. When these data 

were examined in patients with their native livers, only, subjects without PHT had higher 

quality of life measures (p<0.0001) than those with PHT, but again a high quality was still 

present in most PHT subjects. 51.7% of those with PHT reported their health as either “very 

good” or “excellent” and only 10.3% answered “fair” or worse.

The role of portal hypertension in the A1AT subjects with native livers

In some parts of the analyses, for example, physical exam or liver chemistries at enrollment, 

it was not appropriate to compare the post-liver transplant subjects, that make up part of the 

severe liver disease group, to the mild liver disease with native liver subjects. It was also not 

possible to retrospectively determine when PHT developed in post-transplant patients. 

Therefore, to examine the role of portal hypertension in the cohort, we performed an 

analysis of the 208 subjects with native livers comparing the 148 (71%) with no PHT to the 

60 (29%) with PHT (Table 3 and Supplemental Data). The data revealed no difference in the 

A1AT genotype, gender, race or ethnicity by PHT status. At the time of enrollment physical 

exam, vital signs of the two groups were not significantly different, except the mean 

diastolic blood pressure was mildly, but statistically significantly higher in the group with 
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PHT. Z scores for weight, height, and head circumference, as well as BMI, were not 

significantly different from the normal population and not different based on PHT. There 

was no significant difference in the mean liver size, either span by percussion or liver edge 

distance from mid clavicular line, in the no PHT subjects compared to the subjects with 

PHT. However, a liver NOT palpable at the costal margin was found in 48% of the no PHT 

group and 68% of the PHT group (p<0.05). When the liver could be palpated it was 

statistically significantly more likely to have a hard or nodular texture in the group with 

PHT, but that was only found in 15% of subjects (p<0.0001). There was a small difference 

in the subjects with no PHT compared to those with PHT in functional heart murmur (2% 

versus 9%, respectively). Jaundice and icterus were rare in both groups, but icterus was 

associated with PHT. These data suggest that an examination focused on detecting 

splenomegaly, in conjunction with laboratory and imaging evaluation, is necessary to detect 

severe liver disease in A1AT deficiency.

Examination of laboratory parameters obtained as a part of routine care revealed frequent 

elevations of AST, ALT and GGT, as is common in A1AT deficiency (Table 3)(1, 3, 8-12). 

The mean levels were lower in the subjects with no PHT compared to those with PHT, 

although the overlap of the groups was large (Figure 2). The differences in magnitude of the 

GGT elevations associated with PHT were more clinically relevant. Examination of 

bilirubin revealed that the mean total and direct bilirubin levels were higher in subjects with 

PHT. However, most of the subjects had mild elevations that would not lead to clinical 

jaundice, and the overlap of the ranges of the groups was large. The median INR of the 

subjects with no PHT (1.1) was significantly different compared to subjects with PHT (1.2) 

(p=0.0001), but the group overlap was again large, and most subjects in both groups had 

normal INR. A1AT levels were not significantly different between the subjects with no PHT 

and those with PHT. The platelet count was strongly associated with the presence of PHT, as 

expected since it was part of the operational definition. We then reviewed past abdominal 

ultrasounds indicative of PHT and compared to our PHT formula. We found 79% agreement 

(kappa statistics) with our assignment by clinical formula (Table 4). No conclusion could be 

drawn from review of the large range of medications the subjects were taking, except to note 

that the use of ursodeoxycholic acid was found in 22% of subjects with no PHT and 50% of 

subjects with PHT (p<0.0001). Taken together, these data show that this cohort of A1AT 

subjects with liver disease has a burden of PHT, 29%, but that most of the subjects are 

normally grown and leading generally unrestricted lives regardless of their PHT status.

Discussion

The LOGIC study has been undertaken to provide previously unavailable natural history 

data for pediatric liver diseases in the North American population, and to identify previously 

unknown genetic and environmental disease modifiers. The LOGIC study includes the 

largest cohort of A1AT liver disease patients ever assembled. In this report of the baseline 

characteristics of the cohort, we show that a large proportion of the A1AT liver disease 

patients have fairly mild clinical involvement characterized by moderate enzyme elevations, 

normal liver synthetic function, normal somatic growth and development, and very little 

self-report of restricted activities. However, there is a significant burden of PHT which 

requires multifaceted examination to identify and to monitor, including careful physical 
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examination focused on detecting splenomegaly, laboratory testing and the judicious use of 

imaging. Interestingly, while the mean levels of liver enzyme elevations are greater in 

patients with PHT, the overlap is so great that the clinical utility of simple AST, ALT, or 

even GGT measures to identify patients with severe liver disease is limited. These data 

suggest that successful management of A1AT patients, including avoidance of 

complications of PHT such as splenic trauma during sports, avoidance of NSAID use that 

would potentiate GI bleeding, identification and correction of vitamin deficiency, timing of 

endoscopic evaluation for esophageal varices, and possible planning for transplantation will 

require regular and careful follow up visits. Our data also show that a clinical identification 

of PHT, using the criteria described involving clinical history, splenomegaly, and platelet 

count, has good agreement with ultrasound determination of portal hypertension in these 

patients. As additional prospective data is gathered on the cohort, it may be possible to 

develop rational, data driven management guidelines for young patients with A1AT, which 

has never before been possible. Questions such as how often asymptomatic patients should 

be seen, both by specialists and by their primary care, and what schedule of lab and imaging 

should be used are often of concern to families and physicians, but have no clear answers at 

our present level of knowledge.

Another important observation from our analysis is that an early presentation of A1AT 

deficiency as neonatal cholestasis does not necessarily confer a bad prognosis in the first 

few years of life. This is similar to the reports from the Swedish birth cohort (8). While 

jaundice at disease presentation was statistically associated with severe disease, more than 

half of the mild liver disease subjects presenting with jaundice resolved spontaneously. 

Conversely, some of the severe liver disease subjects never had a history of cholestasis, and 

never had jaundice, but still progressed to PHT or liver transplant.

The major limitation of this study is that this is an observational, non-intervention cohort of 

A1AT subjects identified based on the presence of liver disease, and with a tertiary care 

center referral bias. Therefore, these data do not define the prevalence of liver disease, the 

prevalence of PHT, or the rate of liver transplant in all children with A1AT deficiency. It is 

likely, given the reports of the Swedish cohort and the limited reports from North American 

centers, that there are many asymptomatic A1AT deficient children with and without liver 

disease in the population that remain undiagnosed (1, 9, 10, 13). This is a challenge for both 

specialists and for primary care providers, as the relatively high frequency of this “rare” 

disease makes it certain that many young A1AT patients are being seen by physicians 

regularly but escaping detection. What changes in detection or management would benefit 

these patients remains undefined. We are also limited in that the standard of care for these 

children, which is the data available, does not usually include invasive assessments of PHT 

or cirrhosis in the absence of declining liver function or severe complications. Therefore, our 

assignment of PHT, while previously validated, does not include invasive investigations 

adults would be more commonly exposed to, such as standardized enrollment liver biopsy, 

endoscopy or hepatic wedge pressure.

In our continued evaluation of the ChiLDREN cohort we propose to document in the group 

of A1AT subjects any development of pulmonary symptoms, the rate at which patients with 

mild liver disease progress to PHT, the rate of progression to liver transplant, and the 
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features of the history, physical exam and environment that are associated with progression 

of disease. Furthermore, we are establishing a rich repository of biospecimens and DNA, 

linked to the patient data, to fuel future biochemical and genetic studies into the molecular 

mechanisms of liver injury and the identification of genetic modifiers. A well-defined cohort 

such as this is also an attractive resource for future therapeutic trials, which in rare liver 

diseases are often limited by patient availability and the cost of data gathering. We plan 

continued enrollment, analysis, and data reporting from this patient cohort.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

A1AT Alpha-1-antitrypsin

PHT Portal hypertension

ChiLDREN Childhood Liver Disease Research and Education Network

LOGIC Longitudinal Study of Genetic Causes of Intrahepatic Cholestasis

NSAID Non-steroidal anti-inflammatory drug
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Summary Box

A1AT deficiency is a relatively common genetic disease which often goes undiagnosed 

in childhood, but which can lead to significant liver morbidity and mortality in some 

patients.

Genetic and environmental modifiers are still being investigated.

We provide a baseline report of the ChiLDREN study, which is the largest collection of 

liver affected patients ever reported, and is being followed longitudinally.

Among other findings, we commonly see portal hypertension in the cohort, but a high 

quality of life.
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Figure 1. Age at diagnosis of the mild versus severe liver disease patients
Relationship of age in years on the horizontal axis versus number of patients (N) at a given 

age at diagnosis on vertical axis for mild liver disease patients (left panel) and severe liver 

disease patients (right panel).

Teckman et al. Page 12

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. AST and GGTP Levels by PHT Status
AST and GGTP levels in U/L on the vertical axis for groups with PHT absent or present. 

Mean values bold line, box 25th-75th quartiles (two points from the PHT Absent group 

[1005 and 2443 u/l] and two points from the PHT Present group [1566 and 1786 u/l] do not 

appear on this graph).
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Table 1
Demographic Characteristics of A1AT Liver Disease Cohort, with Native Liver and Post-
Transplant

Characteristic
A1AT Liver Disease 

Cohort1(N=269) Native Liver Cohort2(N=208) Post-Transplant Cohort(N=61) p-value3

Age, years <0.0001

 N 269 208 61

 Mean (SD) 8.2 (6.38) 6.9 (5.65) 12.9 (6.51)

 Median (Q1, Q3) 6.8 (2.8, 12.9) 5.5 (2.0, 9.8) 13.7 (7.0, 18.4)

 Min, Max 0,0, 24.9 0.0, 24.9 0.4, 24.6

Age at symptoms first noticed, 
years 0.38

 N 245 190 55

 Mean (SD) 1.3 (3.14) 1.4 (3.33) 0.9 (2.34)

 Median (Q1, Q3) 0.1 (0, 0.9) 0.1 (0, 1.0) 0.2 (0.1, 0.4)

 Min, Max 0, 20.2 0, 20.2 0, 12.6

Age at liver disease diagnosed, 
years 0.76

 N 255 199 56

 Mean (SD) 1.7 (3.29) 1.8 (3.43) 1.3 (2.71)

 Median (Q1, Q3) 0.3 (0.1, 1.6) 0.3 (0.1, 1.6) 0.2 (0.2, 0.9)

 Min, Max 0, 20.2 0, 20.2 0, 12.9

Gender, N (%) 0.46

 Male 164 (61.0%) 124 (59.6%) 40 (65.6%)

 Female 105 (39.0%) 84 (40.4%) 21 (34.4%)

Ethnicity, N (%) 0.77

 Hispanic 18 (6.8%) 15 (7.4%) 3 (4.9%)

 Non-Hispanic 247 (93.2%) 189 (92.6%) 58 (95.1%)

Race, N (%) 0.49

 Native American 1 (0.4%) 1 (0.5%) 0 (0%)

 Black 3 (1.1%) 1 (0.5%) 2 (3.3%)

 Caucasian 250 (92.9%) 194 (93.3%) 56 (91.8%)

 Multiracial 14 (5.2%) 11 (5.3%) 3 (4.9%)

 Not Reported 1 (0.4%) 1 (0.5%) 0 (0%)

Genotype/phenotype, N (%) 0.57

 SZ 21 (7.8%) 17 (8.2%) 4 (6.6%)

 ZZ 246 (91.5%) 190 (91.4%) 56 (91.8%)

 Missing 2 (0.7%) 1 (0.5%) 1 (1.6%)

1
A1AT Liver Disease Cohort includes subjects with A1AT who enroll in the study either with their native liver or after a liver transplant; they are 

assessed for liver disease severity at the time of their enrollment.
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2
The Native Liver A1AT Cohort includes subjects with A1AT who enroll in the study with their native liver (pre-transplant) and are assessed for 

PHT at the time of their enrollment.

3
p-value compares the Native Liver and Post-transplant cohorts using Fisher's exact test for discrete data and the Wilcoxon rank-sum test for 

continuous data.
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Table 2
Comparison of Demographic and Disease Characteristics by Liver Disease Severity Status 
at Enrollment Including; Native Liver and Post-Transplant A1AT Cohorts

Characteristics Mild liver disease1(N = 148) Severe liver disease2(N = 121) p-value3

Age, years <0.0001

 N 148 121

 Mean (SD) 6.6 (5.36) 10.3 (6.94)

 Median (Q1, Q3) 5.4 (2.1, 9.2) 9.1 (4.5, 16..8)

 Min, Max 0.3, 24.9 0.0, 24.6

Age at symptoms first noticed, years 0.12

 N 134 111

 Mean (SD) 1.1 (2.40) 1.6 (3.85)

 Median (Q1, Q3) 0.1 (0, 1.0) 0.2 (0.1, 0.6)

 Min, Max 0, 13.3 0, 20.2

Age at liver disease diagnosed, years 0.55

 N 143 112

 Mean (SD) 1.5 (2.60) 1.9 (4.00)

 Median (Q1, Q3) 0.3 (0.1, 1.7) 0.2 (0.2, 1.2)

 Min, Max 0, 18.3 0, 20.2

Gender, N (%) 0.08

 Male 83 (56.1%) 81 (66.9%)

 Female 65 (43.9%) 40 (33.1%)

Ethnicity, N (%) 0.34

 Hispanic 12 (8.3%) 6 (5.0%)

 Non-Hispanic 133 (91.7%) 114 (95.0%)

Race, N (%) 0.13

 Native American 0 (0%) 1 (0.8%)

 Black 0 (0%) 3 (2.5%)

 Caucasian 140 (94.6%) 110 (90.9%)

 Multiracial 8 (5.4%) 6 (5.0%)

 Not Reported 0 (0%) 1 (0.8%)

Genotype/phenotype, N (%) 1.00

 SZ 12 (8.1%) 9 (7.4%)

 ZZ 135 (91.2%) 111 (91.7%)

 Missing 1 (0.7%) 1 (0.8%)

1
Mild liver disease is defined as subjects with native liver who have not experienced PHT.

2
Severe liver disease is defined as subjects after liver transplant or those with native liver who have possible/definite PHT.

3
Wilcoxon rank-sum tests are used to compare liver severity groups for continuous outcomes and Fisher's exact tests are used to compare the 

groups for discrete outcomes.
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Table 3
Comparison of Demographic and Disease Characteristics by PHT Status at Enrollment. 
A1AT Patients with Native Liver Only

Characteristics No PHT1(N = 148) PHT2(N = 60) p-value3

Age, years 0.60

 N 148 60

 Mean (SD) 6.6 (5.36) 7.5 (6.31)

 Median (Q1, Q3) 5.4 (2.1, 9.2) 5.9 (1.8, 12.7)

 Min, Max 0.3, 24.9 0, 21.3

Gender, N (%) 0.12

 Male 83 (56.1%) 41 (68.3%)

 Female 65 (43.9%) 19 (31.7%)

Ethnicity, N (%) 0.56

 Hispanic 12 (8.3%) 3 (5.1%)

 Non-Hispanic 133 (91.7%) 56 (94.9%)

Race, N (%) 0.06

 Native American 0 1 (1.7%)

 Black 0 1 (1.7%)

 Caucasian 140 (94.6%) 54 (90.0%)

 Multiracial 8 (5.4%) 3 (5.0%)

 Not Reported 0 1 (1.7%)

Genotype/phenotype, N (%) 1.00

 SZ 12 (8.1%) 5 (8.3%)

 ZZ 135 (91.2%) 55 (91.7%)

 Missing 1 (0.7%) 0

AST (u/l) <0.0001

 N 143 59

 Mean (SD) 85. (69.28) 139.9 (91.00)

 Median (Q1, Q3) 66 (43, 101) 128 (67, 200)

 Min, Max 14, 432 23, 435

ALT (u/l) 0.03

 N 143 59

 Mean (SD) 87.3 (71.83) 100.3 (62.99)

 Median (Q1, Q3) 62 (40, 110) 89 (53, 131)

 Min, Max 15, 386 22, 309

INR 0.0001

 N 89 55

 Mean (SD) 1.1 (0.39) 1.2 (0.34)

 Median (Q1, Q3) 1.0 (1.0, 1.1) 1.2 (1.0, 1.3)
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Characteristics No PHT1(N = 148) PHT2(N = 60) p-value3

 Min, Max 0.8, 4.6 0.9, 3.0

GGTP (u/l) <0.0001

 N 123 49

 Mean (SD) 124.1 (290.93) 195.3 (358.33)

 Median (Q1, Q3) 27 (18, 71) 198 (72, 364)

 Min, Max 6, 2443 15, 1786

WBC (× 10(x002C6)3/mm(x002C6)3)

 N 129 57 0.0036

 Mean (SD) 8.7 (3.61) 8.7 (8.85)

 Median (Q1, Q3) 7.7 (6.4, 10.1) 5.8 (3.8, 9.7)

 Min, Max 3.8, 25.8 1.5, 56.0

AST/ALT ratio

 N 143 59 <0.0001

 Mean (SD) 1.1 (0.59) 1.5 (0.64)

 Median (Q1, Q3) 1.0 (0.8, 1.2) 1.4 (1.0, 1.8)

 Min, Max 0.4, 6.1 0.6, 3.9

1
Mild liver disease is defined as subjects with native liver who have not experienced PHT.

2
Severe liver disease is defined as subjects after liver transplant or those with native liver who have possible/definite PHT.

3
Wilcoxon rank-sum tests are used to compare liver severity groups for continuous outcomes and Fisher's exact tests are used to compare the 

groups for discrete outcomes.
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Table 4
Concordance of Ultrasound and Physical Examination Determination of PHT at 
Enrollment

Physical Examination Finding (Spleen > 2 cm below the costal margin)

Ultrasound finding of PHT based on splenomegaly No PHT PHT Total

No PHT 137 7 144

PHT 11 53 64

Total 148 60 208

Kappa = 0.79

95% confidence interval = (0.70, 0.88)
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