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Abstract 

Introduction

Biliary atresia (BA) is a rare cholestatic disease of infancy. Kasai portoenterostomy and liver 
transplantation (OLT) are the two sequential treatment options. An increasing number of 
patients survive into adulthood. Little is known about their health status (HS; also known 
as health-related quality of life). This study aims to compare HS of transplanted and non-
transplanted patients in a cohort of young adult BA survivors. 

Methods

RAND-36 and Liver Disease Index Score (LDSI) questionnaires were sent to eligible adult 
patients with BA. Clinical characteristics were obtained from the NeSBAR (Netherlands 
Study group on Biliary Atresia Registry) and the national pediatric OLT database. RAND-36 
domain and summary scores were compared with those of an age-matched Dutch refer-
ence group. The correlations between several clinical variables and HS were analyzed.

Results

Mean RAND-36 domain and summary scores of transplanted (n = 15) and non-transplant-
ed (n = 25) patients with BA (response 74%) were similar to the reference scores, with the 
exception of a decreased general health perception in non-transplanted patients (63 ± 21 
vs. 75 ± 17; [p < 0.001], particularly in females. RAND-36 domain and summary scores were 
not significantly correlated to age at OLT, time since OLT, serum bilirubin, aspartate amino 
transferase or albumin levels, but were moderately to strongly correlated to LDSI total 
scores (r values 0.35-0.77). 

Conclusion

Overall, young adult patients with BA have a HS similar to an age-matched reference 
group. However, general health perception of non-transplanted patients, particularly 
of females, was decreased. HS is correlated to liver disease symptoms but not to liver 
biochemistry parameters. Non-transplanted females and patients suffering from liver 
disease-associated symptoms may be a target for tailored supportive interventions
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Introduction

Biliary atresia (BA) is a rare cholestatic disease in infants, with an unknown origin. The dis-
ease is fatal when untreated. With the development of the portoenterostomy according 
to Kasai since 1959, the survival has improved markedly (1). However, in most cases, the 
liver already has severe fibrosis at the time of Kasai surgery. On the basis of the anatomical 
situation, three different subtypes of BA are distinguished. In subtypes I and II, part of the 
extrahepatic bile ducts are still patent. In subtype III, all of the extrahepatic biliary tree is 
obliterated. Subtypes I and II are considered to have greater chance that bile flow will 
be restored after portoenterostomy (2, 3). Even when restoration of bile flow is achieved 
after portoenterostomy, problems may arise because of ongoing liver fibrosis. The second 
treatment option is orthotopic liver transplantation (OLT), which was introduced in the 
early 1970s in adults and gradually also in infants. Currently, 10-year survival rates of ap-
proximately 80% are achieved after OLT (4, 5). Approximately 30% of patients with BA 
reach adulthood without OLT (6, 7). As a result of these two treatment modalities, BA is 
currently a disease with an increasing number of patients reaching adulthood. (7, 8). 

Most patients with a transplanted liver need to take lifelong immunosuppressive 
drugs and may experience drug adverse effects and recurrent infections. Chronic rejec-
tion of the liver may also ensue (4, 9).  About 20% of adult non-transplanted patients with 
BA exhibit normal liver biochemistry tests, while in the majority liver damage is (slowly) 
progressive. (6-8). Most studies on the outcome of BA have focused on mortality and 
morbidity, but with increasing survival health status (HS; also known as health-related 
quality of life) becomes an important outcome measure as well (3, 10, 11).  

The HS of patients with chronic liver disease or with a transplanted liver has been 
studied rather extensively (4, 12-16). However, most patient groups were heterogeneous 
with respect to etiology and studies were performed in either children or middle-aged 
adults (17, 18). Patients with BA are usually underrepresented in these studies. To our 
knowledge, three studies measured the HS of patients with BA specifically. In the first 
study, HS was found to be marginally lowered in non-transplanted adolescent Japanese 
patients with BA but not in those from the United Kingdom (19). The second study dem-
onstrated lowered HS in both transplanted and non-transplanted children and young 
adults (20). A recent third study comparing HS of non-transplanted patients with BA to 
healthy pears showed that HS was similar in both the groups (21). Knowledge of the HS of 
specific subpopulations of patients allows fine tuning of patient care and may influence 
treatment choices in individual patients.

The first aim of this study was to determine the HS in a national cohort of young adult 
patients with BA, by comparing their HS to that of an age-matched reference group 
derived from a previous Dutch study (22). We determined whether HS was different be-
tween transplanted and non-transplanted young adult patients with BA. Our expectation 
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is that patients with BA have a decreased HS as compared with young adults who are not 
confronted with a serious condition such as BA. Second, we also examined the associa-
tion between several sociodemographic and clinical factors and HS such as gender, age 
at OLT, serum liver biochemistry parameters, and liver disease symptoms to investigate 
whether specific patients could be identified with an increased risk for decreased HS.

Patients and methods

Patients and procedures

All patients with BA born between January 1977 and January 1992, treated in the Neth-
erlands, currently alive at an age of at least 18 years were eligible. Patients with BA with 
psychiatric illness or mental retardation were excluded. In each patient, the diagnosis 
of BA was confirmed by intraoperative cholangiography and pathology of the resection 
specimen (23).  Portoenterostomy was performed in one of the six participating Dutch 
university medical centers specialized in pediatric surgery, and OLT was performed in the 
national pediatric OLT center in Groningen. 

Clinical patient data were retrieved from the NeSBAR (Netherlands Study group on Bili-
ary Atresia and Registry) database and the national pediatric OLT database. Data included 
gender, birth date, age at portoenterostomy, age at OLT, comorbidities, and recent serum 
bilirubin, aspartate amino transferase (ASAT), and albumin measurements. Detailed de-
mographic information was described previously (24).

The study was performed according to the guidelines of the Medical Ethical Commit-
tee of the University Medical Centre Groningen. A letter explaining the goal of the study, 
the questionnaires, an informed consent form, and a prepaid return envelope were sent 
by post to all eligible patients.

Instruments

All patients completed the Dutch version of the RAND-36 and the Liver Disease Symp-
tom Index 2.0 (LDSI). Both questionnaires have been validated in the Dutch population 
(22, 25). The RAND-36 is a generic 36-item questionnaire, 25 of which the reliability and 
validity have been supported in a wide number of studies. It covers the following eight 
domains: physical functioning (Cronbach α in this study: 0.89), social functioning (α: 0.73), 
role limitations because of the physical health problems (α: 0.92), role limitations because 
of the emotional problems (α: 0.86), mental health (α: 0.78), vitality (α: 0.86), bodily pain 
(α: 0.79), and general health perception (α: 0.79). The raw scores were converted to a 1 to 
100 scale, with higher scores indicating higher levels of functioning or well-being. Sum-
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mary scores report physical functioning and mental functioning and were standardized 
to a mean of 50 and a standard deviation of 10. Results were compared with those of an 
age-matched reference group (26).

The LDSI 2.0 consists of 18 original items and 6 items developed by the board of the 
NLV (Dutch Liver Patient Association) (22). Of the original items, nine measure the sever-
ity of symptoms and nine measure the hindrance of these symptoms in daily activities. 
“Fear of complications” has no accompanying hindrance item, whereas “itch” has two 
hindrance items, namely, hindrance of itch during the day and during sleep. The six NLV 
items included “memory problems,” “change of personality”, “hindrance in financial affairs”, 
“involuntary change in use of time”, “decreased sexual interest,” and “decreased sexual 
activity” (table 3). All LDSI and NLV items were scored on a 5-point Likert scale ranging 
from “not at all” (1) to “a high extent” (5). The LDSI and NLV item scores were summed to 
obtain total LDSI scores.

Statistical analysis

Demographical and clinical characteristics of responders and non-responders were com-
pared using Mann–Whitney U-test and Student t-test to detect possible confounders. 
Differences in the RAND-36 domain and summary scores between the non-transplanted 
patients, transplanted patients, and the reference group were tested using analysis of 
variance (ANOVA).

Effect sizes according to Cohen were calculated by dividing the difference in mean 
score between patients with BA and the reference group by the pooled standard devia-
tion of both the groups (27). Effect sizes between 0.20 and 0.49 were considered small, 
between 0.50 and 0.79 medium, and ≥ 0.80 large. Gender differences were tested using 
Mann–Whitney U-test. Associations between serum liver biochemistry, age at LT, current 
age, and LDSI scores with RAND-36 summary and domain scores were examined using 
Pearson correlational analysis. Correlations with a coefficient < 0.30 were considered 
weak, between 0.30 and 0.50 moderately strong, and > 0.50, strong (27). Scores of the 
LDSI of transplanted and non-transplanted patients were compared using Mann–Whit-
ney U-test. All tests were two-tailed, and p values < 0.05 were considered significant

Results

Patient characteristics

A total of 53 patients with BA were eligible and asked to participate. Of those, 40 patients 
agreed (response 75%). Characteristics of responders and non-responders are shown 
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in table 1. One non-transplanted patient had cystic fibrosis. Two of the patients (both 
responders) underwent an explorative laparotomy without portoenterostomy, and sub-
sequently an OLT as primary treatment at the age of 0.8 and 2.6 years, respectively. Recent 
laboratory measurements from one transplanted patient (responder) who received 
follow-up care in another adult LT center were unavailable.

Health status

The mean scores on seven of the eight dimensions of the RAND-36 and the physical and 
mental summary scores were not significantly different between the three groups (table 
2). A significant effect of group was found in general health perception (p = 0.004). Conse-
quent analysis revealed that non-transplanted patients had significantly lower scores on 
general health perception than transplanted patients with BA and the reference group. 
Effect sizes were medium (table 2). The effect of group on physical role functioning 
just failed to reach significance (p = 0.05). Comparison between the non-transplanted 
patients and the reference group revealed a medium effect size (0.50), comparison of the 
non-transplanted and transplanted patients revealed a small effect size (0.32). Univariate 
analyses showed no significant relationships between age and either the RAND domain or 
summary scores (r varied between 0.002 and 0.310). Moderately strong correlations were 

Table 1 | Demographic and clinical characteristics of the study group.

BA non-transplanted BA transplanted

Responders Non-
responders

p-value Responders Non-
responders

p-value

Number 25 5 15 9 0.08*

Gender (% 
male)

52% 40% 1.0 67% 22% 0.09

Age at survey 
(years)

23.2 (18.9 
-30.4)

23.6 (20.1-
32.2)

0.49 22.4 (18.9-
30.8)

22.3 (18.9-
32.2)

0.82

Age at surgery 
(days)

58 (35-117) 64 (48-68) 0.83 60 (43-126) 46 (32-175) 0.17

Age OLT (years) NA NA 5.2 (0.7-17.1) 11.7 (0.8-15.0) 0.61

Comorbidities 1# - - -

Current 
bilirubin 
(µmol/L)

17 (5-71) 14 (6-46) 0.72 17 (5-36) 16 (5-23) 0.31

Current ASAT 
(U/L)

27 (6-160) 77 (20-101) 0.06 30 (16-96) 40 (23-77) 0.17 

Current 
albumin (g/L)

41 (36-54) 40 (39-40) 0.19 47 (42-49) 43 (30-47) 0.02 

Data expressed as median (range); *χ2 test of the distribution of responders and non-responders over the 
two study groups; #Cystic fibrosis; NA, not applicable.
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found with pain (-0.30) in non-transplanted patients, and with emotional role functioning 
(0.31) and pain (0.31) in transplanted patients. An effect of gender was only detected 
in general health perception of non-transplanted patients: females scored significantly 
lower than males (52 ± 15 for females vs.74 ± 21 for males; p = 0.0004).

Liver disease symptoms

The mean scores of the LDSI questionnaire and NLV items did not exceed 2.4. However, 
individual patients scored maximum at several items (table 3).

Female non-transplanted patients with BA had more “pain in the right upper abdo-
men” (2.1 ± 1.3 vs. 1.0 ± 0.0, p = 0.005) and “hindrance of pain in the right upper abdomen” 
(1.6 ± 1.0 vs. 1.0 ± 0.0, p = 0.03) compared with their male counterparts. Also, female 

Table 2 | Descriptives of the RAND 36 of non -transplanted and transplanted BA patients and an 
age  matched reference group. 

BA 
non-

transplanted
n=25

BA
transplanted

n=15

Comparison 
group[18]

n=500
p-value*

Effect size

Non-
transplanted

vs. 
comparison

Transplanted
vs. 

comparison

Non-
transplanted 

vs. 
transplanted

Age 23.5±3.3 23.2±4.0 24.2±3.8 0.41

Physical 
Functioning

91±17 96±6 93±14 0.60 0.14 0.19 0.37

Social 
functioning

88±19 88±16 87±18 0.97 0.03 0.05 0.02

Physical role-
functioning

73±40 85±35 87±27 0.05 0.50 0.07 0.32

Emotional 
role-
functioning

81±35 91±27 87±29 0.51 0.21 0.13 0.31

Mental health 76±17 81±11 76±15 0.48 0.03 0.32 0.35

Vitality 64±23 72±19 65±17 0.34 0.05 0.39 0.34

Bodily pain 84±19 91±18 87±19 0.52 0.17 0.20 0.38

General health 63±21 75±15 75±17 0.004 0.69 0.01 0.63

Mental 
summary 
score 

51±10 53±6 50±10 0.57 0.04 0.28 0.28

Physical 
summary 
score

50±9 54±6 50±10 0.39 0.02 0.36 0.42

Data expressed as mean±SD; *ANOVA. Effect size was calculated as the difference in mean score divided by 
the pooled standard deviation.
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transplanted patients with BA reported significantly more “hindrance in financial affairs” 
than transplanted males (3.6 ± 1.7 vs. 1.7 ± 1.3, p = 0.03). No further gender differences 
were detected. Total LDSI score was not significantly correlated to serum total bilirubin, 
ASAT, or albumin levels (r varied between 0.08 and 0.35) and was moderately strong 
for serum bilirubin (-0.30) in non-transplanted patients, and for serum albumin (0.35) in 
transplanted patients.

Table 3 | Liver Disease Symptom Index 2.0 scores of young adult transplanted and non -
transplanted BA patients. 

BA non-transplanted
n=25

BA transplanted
n=15

Mean±SD Median 
(range)

Mean±SD Median 
(range)

p-value*

Itch 1.9±1.2 1(1-5) 1.6±0.9 1(1-4) 0.62

Hindrance itch during day 1.3±0.7 1(1-4) 1.1±0.4 1(1-2) 0.54

Hindrance itch during sleep 1.4±1.0 1(1-4) 1.0±0.0 1(1-1) 0.07

Joint pain 1.7±1.2 1(1-5) 1.9±1.2 1(1-4) 0.54

Hindrance joint pain 1.5±1.0 1(1-5) 1.3±1.0 1(1-4) 0.73

Pain right upper abdomen 1.5±1.0 1(1-5) 1.3±1.0 1(1-3) 0.79

Hindrance pain right upper 
abdomen

1.3±0.7 1(1-4) 1.0±0.0 1(1-1) 0.11

Sleepiness during day 2.4±1.2 2(1-5) 1.9±0.9 2 (1-4) 0.21

Hindrance sleepiness during day 1.9±1.2 1(1-5) 1.4±0.7 1(1-3) 0.17

Worry about family situation 1.3±0.7 1(1-4) 1.7±1.2 1(1-4) 0.57

Hindrance worry about family 
situation

1.2±0.6 1(1-4) 1.2±0.6 1(1-3) 0.61

Decreased appetite 1.3±0.7 1(1-4) 1.5±0.9 1(1-4) 0.27

Hindrance decreased appetite 1.1±0.3 1(1-2) 1.5±0.7 1(1-3) 0.04

Depression 1.4±0.7 1(1-4) 1.1±0.3 1(1-2) 0.10

Hindrance depression 1.1±0.6 1(1-4) 1.0±0.0 1(1-1) 0.44

Fear of complications 1.3±0.7 1(1-4) 1.3±0.6 1(1-3) 0.97

Jaundice 1.1±0.4 1(1-3) 1.0±0.0 1(1-1) 0.27

Hindrance jaundice 1.0±0.0 1(1-1) 1.0±0.0 1(1-1) 0.99

Memory problems 1.5±1.0 1(1-5) 1.1±0.3 1(1-2) 0.96

Change of personality 1.2±0.5 1(1-3) 1.8±1.2 1(1-5) 0.03

Hindrance in financial affairs 1.5±0.9 1(1-4) 2.3±1.7 1(1-5) 0.10

Involuntary change in use of time 1.5±0.9 1(1-4) 1.7±1.3 1(1-5) 0.92

Decreased sexual interest 1.1±0.4 1(1-3) 1.0±0.0 1(1-1) 0.43

Decreased sexual activity 1.1±0.4 1(1-3) 1.0±0.0 1(1-1) 0.43

*Mann-Whitney U test
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Correlation between clinical factors and health status

Moderately strong to strong significant associations between the total LDSI score and 
RAND-36 domain and summary scores were found in the non-transplanted and trans-
planted patients, except for the correlation between emotional role functioning and LDSI 
in transplanted patients with BA (table 4). We found no significant correlations between 
RAND-36 domain or summary scores of non-transplanted or transplanted patients with 
BA with serum ASAT, bilirubin or albumin levels, age at OLT or time elapsed since OLT (r 
varied between 0.00 and 0.43).

Discussion

We aimed to determine HS of young adult patients with BA and to examine whether 
HS was different between transplanted and non-transplanted patients with BA. In ad-
dition, we investigated whether subgroups, based on sociodemographic and clinical 
factors, were at risk for a lower HS. Our data show that HS of both transplanted and 
non-transplanted young adult patients with BA is largely comparable to that of an 
age-matched reference group. The single exception was in general health perception, 
which is perceived as decreased by young adult non-transplanted patients with BA as 
compared with either the reference group or the transplanted group. Furthermore, the 
non-transplanted patients in this study showed a tendency toward lower physical role 
functioning as compared with the reference and transplanted patient groups. Despite 

Table 4 | Pearson’s correlational analysis of RAND -36 domain scores, and total Liver Disease 
Symptom Index 2.0 (LDSI) scores. 

Total LDSI score

BA non-transplanted 
n=25

BA transplanted
 n=15

R p-value r p-value

Physical Functioning -0.47 0.02 -0.56 0.03

Social functioning -0.65 <0.0001 -0.69 0.004

Physical role-functioning -0.77 <0.0001 -0.49 0.07

Emotional role-functioning -0.66 <0.0001 0.06 0.83

Mental health -0.35 0.09 -0.47 0.08

Vitality -0.57 0.003 -0.69 0.005

Bodily pain -0.76 <0.0001 -0.47 0.08

General health -0.40 0.05 -0.37 0.18

Physical summary score -0.62 0.001 -0.63 0.01

Mental summary score -0.54 0.006 -0.43 0.11
6
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the absence of statistical significance, we observed a relatively large effect size, which 
may indicate clinical relevance if it would be reproduced in a larger study

It is rather surprising that patients with a longstanding chronic disease that impacts 
several body functions and includes major surgery, lifelong follow-up, and medication 
use, report an HS almost similar to that of an age-matched reference group. The non-
transplanted patients in our study did not require an OLT before reaching adult age 
suggesting that the disease had a relatively benign course. Some individuals within this 
study group showed little disease activity based on biochemical and clinical parameters 
(6), which may explain the relatively high HS compared with other cholestatic patient 
groups (12-14).

The transplanted patients with BA showed an HS similar to the reference group. On 
the detailed inspection, the scores in several domains were slightly higher in transplanted 
patients compared with the reference group and non-transplanted patients. Also, the 
comparison of non-transplanted and transplanted patients with BA demonstrates 
small-to-moderate effect sizes in all domains, with the exception of the domain of social 
functioning. The effect sizes suggest that the HS in transplanted patients might be clini-
cally and relevantly better than that in non-transplanted patients. An increased HS has 
been observed in other young adult patient groups, such as childhood cancer survivors 
and esophageal atresia survivors (26, 28). It might be explained by the phenomenon of 
response shift, that is, a change in one’s perception of the quality of one’s life to accom-
modate to illness (29). It has been proposed that this mechanism is particularly relevant 
for relatively severe diseases or treatments (26). This assumption might contribute to the 
(non-significantly) higher scores of the transplanted patients, who have experienced a 
period of severe illness, and a challenging treatment, when compared with those of the 
reference group.

Of the non-transplanted patients, particularly, the females had a significantly lower 
health perception than the patients who had undergone transplantation and the refer-
ence group. In general, females tend to report a lower HS than males (30-33). This was 
also observed in the reference group utilized in this study, with the exception of general 
health perception (26). It was therefore surprising to find that the only gender difference 
in patients with BA was observed in general health perception (26). It is tempting to 
speculate on the origin of the lowered general health perception in non-transplanted 
females. The clinical condition and the overall LDSI scores of female non-transplanted pa-
tients were comparable to that of the non-transplanted male patients. Non-transplanted 
females reported more pain in the right upper abdomen than non-transplanted males. 
One could speculate that the abdominal pain raised concern in the non-transplanted pa-
tients, as they might perceive themselves as having a “diseased” liver in situ. In this study, 
the patients’ concerns regarding fertility have not been investigated, but these could play 
a more dominant role in health perception of young adult females.
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The RAND-36 subscale and summary scores were independent of age and liver bio-
chemistry. Strong to moderately strong correlations were found between the RAND-36 
summary and subscale scores and the total liver disease symptom score, with the excep-
tion of emotional role functioning and the LDSI score in transplanted patients.

On the basis of the liver biochemistry data, the nonresponding patients could have 
a slightly worse clinical condition than the responders. One might speculate that the 
RAND-36 scores might have been slightly lower if these patients had participated. How-
ever, liver biochemistry did not significantly correlate with RAND-36 or total LDSI scores 
in the responding patient population. Specifically, the relationships between RAND-36 
scores and liver biochemistry were non-significant and pointed in the opposite direction 
than we hypothesized: worse liver biochemistry was associated with a higher HS. We 
have chosen not to exclude patients with major comorbidities unrelated to BA to avoid 
selection bias. Exclusion of the one patient with cystic fibrosis would not have changed 
the results. We could not detect a correlation between age at OLT and HS, which might 
be a consequence of the small sample size and the nonhomogeneous distribution in the 
ages at transplantation.

We found a significant relationship between the physical or mental summary scores or 
most domain scores on the one hand with the total scores of the LDSI on the other hand. 
Therefore, liver disease–associated symptoms seem to be an important determinant 
of HS. Thus, the subjective disease state seems to be a more important determinant of 
HS than clinical disease state. To maintain or improve the HS of the individual patient 
with BA, it thus seems important for the physician to focus treatment on the various 
liver disease–associated problems. Questionnaires such as the LDSI might help to gain 
insight into the presence of problems in each patient in an outpatient setting. Ongoing 
disease associated complaints are difficult to manage and could increase the risk that 
both patient and physician inappropriately medicalize the complaint. A distress and 
problem screening questionnaire may help recognize the nature and extent to which 
an individual patient experiences problems in various quality of life domains such as hin-
drance in financial affairs or decreased sexual interest (34). The expertise of allied health 
care and psychosocial disciplines such as physiotherapists, dieticians, social workers, and 
psychologists may help patients in need for additional care to cope with the sequelae of 
their disease. In the Netherlands, patients with BA awaiting OLT are already managed by 
a multidisciplinary team. However, many patients with BA are transplanted in childhood, 
and novel problems may arise many years after OLT when the transition into adulthood 
is to be made. In the study period, non-transplanted patients with BA were not routinely 
managed in a multidisciplinary fashion and could be considered a high-risk patient group 
in this respect. Currently, all patients are managed by a multidisciplinary team.

It should be realized that the RAND-36 questionnaire focuses on the functional aspects 
of HS, and does not measure the patients’ satisfaction with functioning (35). Educational 
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and professional achievements and emotional distress are further important parameters 
which were beyond the scope of this study, and which were assessed in a separate study 
(21).

We are aware that our study does have some limitations. Despite the fact that we had 
been able to acquire data from a national cohort over many years, the number of adult 
patients is limited in this study because of the relative low prevalence of BA, and thus, 
statistical power is relatively low. Accordingly, we chose not to focus on p values only, 
but to focus on the clinical relevance of differences (effect sizes) and strength of correla-
tions as well. We cannot exclude that the detection of only few gender effects might be 
explained by the relatively low number of adult patients with BA available for study, and 
the underrepresentation of females in the transplanted responders. 

The cross-sectional design of the study precludes analysis of the effects of progression 
of disease or OLT on HS. Indeed, HS was impaired in some domains in non-transplanted 
patients in contrast to the transplanted patients. However, we did not aim to evaluate 
a therapeutic intervention but to assess HS in an understudied patient group. Perform-
ing the study in larger (international) cohorts may reveal the influence of sequelae such 
as portal hypertension or post-transplant complications. We are aware that the study 
consists of a single measurement in young adult life. This feature has the inevitable risk 
of introducing bias and unknown confounders. For this reason, the study should be con-
sidered exploratory in nature as the small sample size precludes more detailed analyses 
on, for example, disease sequelae and psychosocial factors. The presented results should 
be validated in other cohorts of young adult patients with BA. A longitudinal approach 
may allow for the examination of change in HS over time and the determination of the 
magnitude of a possible response shift. It would be interesting to investigate the effects 
on HS of other factors such as coping style, personality, and social support. (4, 26, 36, 37).

To our knowledge, this study is the first to determine the HS of a national cohort of both 
transplanted and non-transplanted patients with BA. With this study design, we were able 
to compare patients with BA to an age-matched reference group within our country, 
thereby minimizing the risks of age-induced, social, cultural, and economical differences. 
The results of this study show that, when patients with BA manage to overcome the 
medical challenges involved with Kasai portoenterostomy and/or OLT, they can achieve 
an HS similar to age-matched peers. The HS is correlated to liver disease symptoms and 
not to biochemical markers of clinical condition. Non-transplanted females and patients 
suffering from liver disease–associated symptoms are the groups at risk for a lower HS. 
Management of symptoms by tailored supportive interventions of medical, allied health 
care, and psychosocial disciplines may be a key factor in maintaining or improving HS in 
individual patients with BA, regardless of disease state.
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