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Abstract

Objectives: In this systematic review and meta-analysis, for the first time, the existing evidence on health-related quality of life
(HRQOL) was evaluated in patients with biliary atresia (BA) and compared with that of healthy population.

Methods: A systematic search was done on PubMed, Scopus, Embase, Cochrane Library and Web of Science from 1990 up to April
2018 in order to identify all articles that assess the HRQOL in patients with BA. Meta-analysis was done using comprehensive meta-
analysis and the standard difference of mean (SDM) was calculated.

Results: A total of 188 publications were identified from the initial search. After removing duplicates and irrelevant studies, 32
articles remained for full-text evaluation. Out of this number, 22 articles were excluded due to non-relevance to the study scope
leaving 10 studies for systematic review and three articles for meta-analysis. HRQOL was assessed using PedsQL4 in three studies,
SF-36C in two studies and by assessing different parameters including social status, school, university, and/or sports performance
in five studies. HRQOL in BA patients living with their own liver was significantly lower than that of the general population [SDM
=-0.55 (95% Cl:-0.69, -0.40)]. In the terms of PedsQL4 sub-scores, compared with healthy population, the levels of physical [SDM
=-0.40 (95% CI:-0.55, -0.28)], social [SDM =-0.25 (95% CI:-0.40, -0.11)] and school functioning [SDM = -1.19 (95% CI: -2.35, 0.07)] were

significantly lower in the group of biliary atresia.
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1. Context

Biliary atresia (BA)is arare inflammatory disease of the
biliary tract. The progressive fibrosis of the biliary tree in
this disease results in blockade of duct and subsequent cir-
rhosis (1). The symptoms of the disease include persistent
jaundice, acholic stool and dark urine (2). The prevalence
of thisdisease varies from 0.5to 0.8 per10,000 live births in
western countries to 1.1- 1.5 per 10,000 live births in Japan
and Taiwan (2-5).

BA is the most common surgically correctable liver dis-
ease in infancy in which for returning normal bile flow, sur-
gical treatment (Kasai operation) should be implemented
urgently in the early weeks of life. However, in some in-
fants this procedure may not be successful. Previous stud-
ies have showed that more than half of the infants born
with this problem may need liver transplant (6-8). On the
other hand, some patients live with their native liver for
many years and may experience long-term complications
such as cholangitis, portal hypertension, variceal bleeding
and growth failure (9). These complications may lead to

frequent hospital admissions (10) and could have a great
impact on the quality of life in these patients. Different
studies have evaluated the health-related quality of life
(HRQOL) in patients with BA and compared it with that of
the healthy population. However, the results were contro-
versial. To the best of our knowledge, no systematic review
study and meta-analysis have been done to review these re-
sults up to the time of conducting this research study.

2. Objectives

Thus, in the present systematic review and meta-
analysis, for the first time, the existing evidence on HRQOL
was evaluated in patients with BA and compared with that
of healthy population.

3. Data Sources

A systematic search was done on PubMed, Scopus, Em-
base, Cochrane Library and Web of Science from 1990 to
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April 2018. The keywords were selected based on MESH
terms and including: (I) population: “Biliary atresia” or
“Extrahepatic Biliary Atresia” (II) outcome: “life quality” OR
“health related quality of life” OR “health-related quality of
life” OR “quality of life”(Ill) comparison: “healthy popula-
tion” OR “general population”. The search strategy for each
database is shown in Appendix1in Supplementary File. The
reference list of included articles was also checked manu-
ally. The Liver and Gastrointestinal Diseases Research Cen-
ter of Tabriz University of Medical Sciences approved the
research protocol.

4. Study Selection

The present systematic review included observational
studies (descriptive and analytical studies) which assessed
the HRQOL in patients with BA. The original articles or
conference papers that had been published from 1990 to
April 2018 were included if they reported the HRQOL in
BA patients and/or compared the HRQOL between BA pa-
tients and the healthy population. All other types of arti-
cles including letters to the editors, review articles and ar-
ticles published in any language other than English were
excluded.

5. Data Extraction

Data extraction was done by two independent re-
viewers. Discrepancies were resolved by discussion and
through involvement of a third reviewer. First, the results
were screened to exclude duplicates and unrelated arti-
cles. Then, the full-texts of the remaining records were
screened to select articles which met the inclusion criteria.
Finally, for eligible studies, the data about the authors, pub-
lication date, methods used for assessing HRQOL, sample
size, comparison group (if existed), participants’ charac-
teristics and results were extracted using the predesigned
checklist.

6. Quality Assessment

The methodological quality of selected articles was
done by two reviewers using JBI critical appraising check-
list for descriptive and analytical studies. The following do-
mains were assessed: clear research question, clear defi-
nition of population, subject selected based on inclusion
criteria, reliable outcome assessment and using objective
criteria for outcome assessment, comparison between re-
sponders and non-responders.

7. Statistical Analysis

The comprehensive meta-analysis version 2.0 was used
in this regard. The mean and standard deviation (SD)
HRQOL (total score and domains scores including physical,
emotional, social and school functioning) were extracted
and then the standard difference of mean (SDM) was com-
puted. Q statistic (P < 0.10) and I? (I> > 50%) were used for
determination of heterogeneity (11). Based on heterogene-
ity analysis, fixed or random effect model was used. Publi-
cation bias was assessed with a visual inspection of funnel
plots and with the Egger bias test (12). One study reported
HRQOL scores (total score and domains scores) as median
and inter quartile range (IQR) (13). For including these data
in the meta-analysis, the median and IQR were converted to
mean and SD using method introduced by Hozo et al. (14).

Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) was used as the method of analysis
in this research study.

8. Results

Atotal of 188 publications were identified after the ini-
tial systematic search of databases. Following the removal
of duplicate records, 150 articles remained for review out
of which 85 were excluded after title appraisal. Then the
abstracts of the 65 remaining articles were reviewed and
32 articles were excluded. From the remaining 33 articles,
22 were excluded after appraisal of the full-texts, leaving 10
studies to be included for systematic review (Figure 1) and
ultimately only three articles enrolled for meta-analysis.
The detailed characteristics of the included studies are pre-
sented in Table 1.

Out of 10 included studies, three were conducted in
Japan (19, 20, 22), two in France (18, 21), and others in Fin-
land (13), Netherlands (17), Canada (15), and Malaysia (10).
Moreover, one study included the participants from two
different populations, namely UK and Japan (16). The study
design of all articles was cross-sectional.

The methodological quality assessment of the studies
is presented in Table 2. Reliable method for the assessment
of HRQOL was used in only five studies. Inclusion criteria
for sample recruitment were clarified in all studies except
for two papers.

8.1. HRQOL Assessment

HRQOL was assessed using PedsQL4 in three studies
(10,13,15), SF-36C in two studies (16,17) and by assessing dif-
ferent parameters including social status, school, univer-
sity and/o sports performance in five studies (18-22). The
HRQOL and their sub-scores were compared in patients
with BA and healthy population in five studies using SF-36C
(two studies) (16, 17) and PedsQl4 (three studies) (10, 13, 15).
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Figure 1. Flow diagram of studies for inclusion in the systematic review and meta-analysis

8.2. Outcomes

Three studies assessed HRQOL in BA patients using
PedsQL4 and compared the results with healthy control
groups. Two of the studies (10, 13) showed that there was
no significant difference between BA patients and healthy
population regarding HRQOL total score. However, Lam-
pela et al. reported a significantly lower level of school do-
main in BA patients (P < 0.004) (13). Sundaram et al. re-
ported a low level of HRQOL total score and all the sub-
scores in BA patients compared with healthy population
(15).

Two studies used SF-36C questionnaire to evaluate the
HRQOL in BA patients and compared total score and sub-
scores with those of the healthy population. Howard et

Iran ] Pediatr. 2019; 29(3):e835509.

al. studied the QOL in two populations, namely Japan and
UK (16). According to the results, there was no signifi-
cant difference in the HRQOL scores of BA patients and
healthy control group in the UK population. However, in
Japanese population, general health and social function-
ing sub-scores were significantly lower in BA patients com-
pared to the general healthy population of Japan (16). De
Vries et al. reported HRQOL in population of the Nether-
lands and showed that there was no significant difference
between BA patients and the general Dutch population re-
garding all domains of SF-36C except for general health
which was significantly lower (P < 0.004) (17).

In five studies the HRQOL in BA patients was assessed
using different parameters including social status, school,
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Table 2. Methodological Quality of Included Studies

Authors, Year Study Design Clear Research Clear Definition  Subject Selected Reliable Using Objective Compare
Question of Population Based on Outcome Criteria for Responders and
Inclusion Assessment Outcome Nonresponders
Criteria Assessment
Lampelaetal., Cross sectional y y y y N y
2017(13)
Sundaram et Cross sectional y y y y N y
al., 2013 (15)
Lee etal., 2016 Cross sectional y y y y N N
(10)
Howard et al., Cross sectional y y y y N Y
2001(16)
de Vries, et al., Cross sectional y y y y N Y
2015 (17)
Valayer,1996 Cross sectional y y y N N N
(18)
Nio et al., 1997 Cross sectional y y ND N N N
(19)
Ohi etal., 1990 Cross sectional y y y N N N
(20)
Lykavieris et al., Cross sectional y y y N N N
2005 (21)
Nio et al., 1996 Cross sectional y N ND N N N

(22)

university, and/or sports performance. In four out of five
studies, more than 70% of BA patients had a normal life and
satisfactory rate of HRQOL (19-22). In addition, in Valayer’s
study that was conducted in France, only 31% of BA patients
had normal school performance (18).

8.3. Meta-Analysis

According to Figure 2, the extracted data enables five
separate meta-analysis to compare the HRQOL assessed us-
ing PedsQL4 between BA patients and the healthy control
group (10, 13, 15). No publication bias was observed in the
HRQOL score and subscores (Egger test P value > 0.05).
Considering the presence of heterogeneity in HRQOL to-
tal score (I* =52.65, Q = 4.23, P = 0.12) random effect model
was used. The results of meta-analysis indicated that the
HRQOL in BA patients living with their own liver was sig-
nificantly lower than general population [SDM =-0.46 (95%
Cl:-0.74,-0.18), P = 0.001].

In terms of PedsQL4 sub-scores, heterogeneity was
found in emotional (I*=75.29,Q=8.09, P=0.01) and school
functioning (I = 93.33, Q = 8.09, P < 0.001) subscores. The
results of random model meta-analysis showed that the
level of school functioning [SDM =-1.18 (95% CI:-2.34,-0.02),
P = 0.03] was significantly lower in BA patients compared
with those of the normal population. However, in the case
of emotional subscore, there was no significant difference
between BA patients and the general population [SDM = -
0.22 (95% CI:-0.61, 0.16), P=0.25]. In the case of physical (I*

=30.38, Q =2.87, P = 0.2) and social functioning (I* = 0.00,
Q =153, P =0.4), fixed effect model was used since hetero-
geneity was not observed between studies. The results of
meta-analysis showed that the levels of physical [SDM = -
0.40 (95% CI: -0.55,-0.26), P < 0.001] and social function-
ing [SDM =-0.28 (95% CI:-0.42, -0.13), P < 0.001] were sig-
nificantly lower in BA patients compared with those of the
normal population.

9. Conclusions

There has been much advancement in the manage-
ment of children with BA and accordingly the survival rate
of these children has been improved. Nowadays, a great at-
tention is being paid to the HRQOL of these patients. Al-
though there have been numerous studies to analyze the
HRQOL of children with BA, to the best of our knowledge,
this study is the first systematic review and meta-analysis
aimed to investigate the HRQOL in BA patients who sur-
vived with their own liver comparing the results with those
of the healthy population. Out of 10 studies that assessed
HRQOL in patients with BA, only five studies used valid
methods for evaluating HRQOL (using PedsQL4 (3 studies),
SF-36 (two studies)) (10, 13, 15-17). These studies compared
the HRQOL between BA patients and healthy populations.
Of these, only two studies specifically selected the healthy
control groups for the study (10, 13). All these studies were
conducted on children and adolescents (< 18 years) except
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Std diff Standard Lower Upper
inMeans  Error Variance Limit Limit Z-Value p-Value
Lampela (2017) -0558 0246  0.060 -1.040 -0.076 -2.268 0.023
Sundaram (2013) -0595 ~ 0084  0.007 -0.759 -0.431 -7.109  0.000
Lee (2016) 0148 0201 0040 -0.541 0245 -0.739  0.460
Random -0463 0142 0020 -0.741 -0.186 -3.271  0.001 0
-8.00 4.00 0.00 4.00 8.00
Billiary Atresia Healthy Population
Model  Study Name Statistics for Each Study Std diff in Means and 95% CI
Std diff Standard Lower Upper
inMeans Error Variance Limit Limit Z-Value p-Value
Lampela (2017) 0005 0243 0059 -0482 0472 -0.021 0983
Sundaram (2013)  -0.520 0083  0.007 -0.683 -0.356 -6.228 0.000
Lee (2016) <0030 0200 0040 -0422 0363 -0.148 0.882
Random 0228 0199 0040 -0619 0163 -1.145 0252
-8.00 4.00 0.00 4.00 800
Billiary Atresia Healthy Population
Model - Study Name Statistics for Each Study Std diff in Means and 95% C1
Std diff  Standard Lower Upper
in Means Error Variance Limit Limit Z-Value p-Value
Lampela (2017) 0.642 0247 0061 -1.126 -0.158 -2602  0.009 -
Sundaram (2013)  -0.427 0083 0007 -0.590 -0264 -5134  0.000
Lee (2016) -0.130 0200 0040 -0523 0263 -0649 0516
Fixed -0.406 0073 0005 -0550 -0263 -5539  0.000 ‘
-8.00 -4.00 0.00 4.00 8.00
Billiary Atresia Healthy Population
Model ~Study Name Statistics for Each Study Std diff in Means and 95% Cl
stddiff Standard Lower Upper
inMeans  Error Variance Limit Limit Z-Value p-Value
Lampela (2017) 2908 0304 0092 -3504 2313 -9573 0.000 .
Sundaram (2013)  -0678 0084  0.007 -0.842 -0513 -8.076 0.000
Lee (2016) 0068 0200 0040 -0461 0325 -0339 0734
Random 1185 0593 0352 -2.347 0023 -1999 0.046
-8.00 400 0.00 400 8.00
Billiary Atresia Healthy Population
Model ~ Study Name Statistics for Each Study Std diff in Means and 95% €1
Std diff Standard Lower Upper
inMeans  Error Variance Limit Limit Z-Value p-Value
Lampela (2017) -0.200 0.244 0059 -0678 0278 -0.821 0412
Sundaram (2013)  -0.326 0083 0007 -0489 -0.164 -3932  0.000
Lee (2016) -0.068 0.200 0040 -0461 0325 -0339 0734
Fixed -0.281 0.073 0005 -0424 -0.137 -3835  0.000
-8.00 -4.00 0.00 4.00 8.00
Billiary Atresia Healthy Population

Figure 2. Meta-analysis of comparison the quality of life between biliary atresia and healthy population. A, total score; B, emotional domain; C, physical functioning domain;

D, school functioning domain; E, social domain.

for one study that evaluated the HRQOL in BA patients over
18 (17).

Two of the three studies that used PedsQL4 reported
a low level of HRQOL total score in BA patients compared
with healthy control groups with the greatest difference in
school functioning domain (10, 13). Also, two studies used
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SF-36C questionnaire for outcome assessment (16, 17). Ac-
cording to the results of these studies, there was no signif-
icant difference between BA patients and healthy popula-
tions in all domains of SF-36 except for general health (in
Japanese and Dutch populations) and social functioning
(in Japanese population).
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Moreover, the results of meta-analysis also showed the
lower level of overall score of HRQOL in BA patients com-
pared with healthy populations. In the case of HRQOL do-
mains, we also showed the lower level of HRQOL in all do-
mains except for emotional functioning domain. Accord-
ing to the results, BA patients had alower HRQOL in psycho-
logical domain. The parents of children with chronic dis-
eases had a high distress that was associated with higher
depressive symptoms in children (23). A previous study
showed thatabout 85% of parents had been extremely wor-
ried when they heard about the diagnosis of BA in their
children (13). So, it seems that there is a need for provid-
ing psychological counseling sessions for both parents and
children, and also developing peer support groups for im-
proving psychosocial functioning.

School functioning is the most affected domain in BA
children. This may be due to the frequent hospital or daily
care visits (13). This problem may be partially solved by
designating a contact person to liaise regularly with fami-
liesand also children to provide medical and psychological
support, and at the same time, lessen the number of hospi-
tal visits. Moreover, the motor and language skills may be
impaired in these children that affect the school function-
ing (24, 25).

Social functioning in BA patients was also lower in
three studies. This might be due to the growth impairment
in BA patients. Previous studies showed that impaired so-
cial functioning in BA children was higher than in older
adolescents. This might be due to the fact that with increas-
ing age, BA patients accommodate to BA and their negative
perception of adverse impact of this disease on social func-
tion decreases (26, 27).

The other five studies reported the HRQOL rate based
onsome information about educational level, sport perfor-
mance and employment status (18-22). Most of these stud-
ies reported that more than 70% of patients had a normal
life or satisfactory HRQOL rate. However, the methodolog-
ical quality of these studies was low. Two studies had not
used a valid method for assessing HRQOL and the inclu-
sion criteria had not been reported in them. In addition,
there was no complete definition of population in one of
the studies. None of these studies compared the character-
istics of responders and non-responders.

9.1. Strengths and Limitations

In the present systematic review and meta-analysis, we
did a comprehensive search using multiple databases and
extracted all English language studies conducted on the
HRQOL in BA patients. This reduced the risk of subjective
data selection. All the process of conducting this system-
atic review including the searching phase, quality assess-
ment of articles and data extraction was fulfilled by two

reviewers (ShN, ZN) independently using predefined inclu-
sion criteria and valid tools.

Regarding the limitation of this study, as negative find-
ings are published with lower probability the publication
bias could not be fully excluded. Second, the quality of
systematic review depends on the quality of the included
studies. Only some of the included studies in the present
systematic review seemed methodologically sound.

In the present study, some of the included studies had
not used valid tools for assessing HRQOL, and they had not
selected specific control groups, as well. Moreover, due to
variety of methods used in different studies, meta-analysis
could be done only on three studies using PedsQL4 for as-
sessing HRQOL. One of these studies (13) reported median
and IQR. So, these figures were converted to mean and SD
using the method introduced by Hozo et al. (14).

In summary, this systematic review demonstrates that
the HRQOL of BA patients who lived with native liver was
lower than the HRQOL of healthy population especially in
the domains of physical, school and social functioning.
But it is still believed that there is need for conducting
large-scale studies using valid tools for assessing HRQOL in
BA patients.
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supplementary materials, please refer to the journal web-
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