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Objectives. To detail the effects of vitamin D (VD) deficiency and assess the relationships between VD deficiency and liver function
and liver fibrosis in patients with biliary atresia (BA). Methods. In this study, BA patients confirmed by intraoperative
cholangiography were enrolled between January 2017 and February 2019. Preoperative serum 25-(OH)D level, liver function,
serum biomarker levels of liver fibrosis, and histopathologic features were recorded. Deficiency, insufficiency, and sufficiency of
VD were defined as serum 25-(OH)D concentrations of <10, 10-20, and >20 ng/ml, respectively. Associations between serum
25-(OH)D level and liver function and liver fibrosis were analyzed. Results. A total of 161 BA infants were included. The median
(interquartile range (IQR)) serum 25-(OH)D level in all patients was 7.56 (IQR: 4.48–11.40) ng/ml. The rates of 25-(OH)D
deficiency, insufficiency, and sufficiency were 67.1% (108/161), 29.2% (47/161), and 3.7% (6/161), respectively. Serum 25-(OH)D
level was negatively correlated with alkaline phosphatase (r = ‐0:232, P = 0:003). After adjusting for age, a decrease in
serum 25-(OH)D level was correlated with the increase of the Batts-Ludwig stage score (odds ratio (OR): 0.94, 95% confidence
interval (CI): 0.88–0.99; P = 0:028). Serum 25-(OH)D level was also correlated with the N-terminal propeptide of type III
procollagen (PIIINP) (r = ‐0:246, P = 0:002). Additionally, PIIINP (P = 0:038) and ALP (P = 0:031) were independently
associated with serum 25-(OH)D level. Conclusions. VD deficiency was common and inversely correlated with liver fibrosis in
BA patients. Furthermore, VD was not correlated with liver function except alkaline phosphatase.

1. Introduction

Biliary atresia (BA) is a rare disease of infancy, and patients
present with jaundice and pale stools in the first few weeks
of life [1]. The majority of patients develop progressive liver
fibrosis and liver failure, even after Kasai hepatoportoenter-
ostomy (KPE), leading to end-stage liver disease and require
to undergo liver transplantation during childhood. Further-
more, severe fibrosis at the time of KPE predicted signifi-
cantly worse survival of the native liver in infants with BA
[2]. Effective strategies to prevent and treat liver damage
and fibrosis may improve the prognosis of BA patients.
Although the recent advances have enhanced our under-
standing about the pathogenesis and clinical management
of BA, treatment remains a major challenge.

Vitamin D (VD) is involved in the regulation of bone and
calcium homeostasis; however, VD has been recently demon-
strated to possess pleiotropic biological actions in different
cells and types of tissues [3]. VD deficiency is frequent in
chronic liver diseases (CLDs) [4]. A number of scholars have
focused on the potential associations between VD deficiency
and liver disease, especially the relationships with liver
function and liver fibrosis. VD is inversely associated with
aspartate aminotransferase (AST) and aspartate aminotrans-
ferase (ALT) in patients with nonalcoholic fatty liver disease
(NAFLD) [5]. High-dose VD supplementation may improve
markers of liver function in adolescents with abnormalities in
liver function tests [6]. Additionally, low circulating levels of
VD associate with the development of hepatic fibrosis in
patients with various CLDs (e.g., NAFLD and chronic
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hepatitis C virus (HCV)) [7–9]. These data suggest that VD
deficiency plays a vital role in the progression of liver disease.

VD deficiency is frequent in BA patients [10, 11]. Although
bile flow could be established after surgery, observation of VD
deficiency in the majority of BA patients was confirmed [10],
suggesting that VD deficiency contributes to the progression
of liver function and liver fibrosis. The aim of the study was
to evaluate serum 25-(OH)D level in a cohort of BA patients
and investigate the association between serum 25-(OH)D level
and liver function and liver fibrosis. The findings may pro-
vide a reliable reference for pathophysiology of BA and assist
clinical VD supplementation and monitoring of BA patients.

2. Methods

2.1. Patients and Inclusion Criteria. A retrospective study was
conducted on patients who were admitted to Children’s Hos-
pital of Fudan University (Shanghai, China) due to jaundice
between January 2017 and February 2019. Pediatric patients
with BA confirmed by intraoperative cholangiography were
included in the present study. The exclusion criteria were as
follows: (1) cholestasis without BA was confirmed by intra-
operative cholangiography, (2) the age at the time of surgery
was more than 180 days, and (3) there were missing data of
serum 25-(OH)D level, Batts-Ludwig stage scores, or serum
biomarker levels [N-terminal propeptide of type III procolla-
gen (PIIINP), collagen type IV (CIV), laminin (LN), and hya-
luronic acid (HA)].

2.2. Research Methods. In this study, collected data included
demographic information (sex, weight, and age at the time
of surgery), preoperative serum 25-(OH)D level, serum bio-
markers of liver fibrosis (PIIINP, CIV, LV, HA), liver func-
tion, and Batts-Ludwig stage score. All serum 25-(OH)D
concentrations were measured by electrochemiluminescence
immunoassay (ECLIA) using a cobas e 602 module, and a
vitamin D total kit was purchased from Roche Diagnostics
GmbH (Mannheim, Germany). The coefficients of variation
(CV) of intra-assay and intermediate precision were ≤6.8%
and ≤13.1%, respectively.

To assess the status of VD deficiency, deficiency, insuffi-
ciency, and sufficiency were defined as serum 25-(OH)D
levels of <10, 10-20, and >20 ng/ml, respectively [11]. Seasons
were defined as spring (March, April, and May), summer
(June, July, and August), autumn (September, October, and
November), and winter (December, January, and February).

The Institutional Review Board and Ethics Committee of
Children’s Hospital of Fudan University approved the study
protocol and waived the need for parents’ informed consent
due to the retrospective nature of the study design.

2.3. Statistical Analysis. The Shapiro-Wilk test was performed
for all continuous variables. Discrete variables were presented
using frequencies and percentages. Continuous variables were
expressed as the mean ± standard deviation (SD) or the
median (interquartile range (IQR)), as appropriate. Student’s
t-test was used to compare continuous variables between the
two groups. Correlations between variables were analyzed by
using Spearman’s correlation analysis, partial correlation

analysis (correcting for age), or ordinal logistic regression
analysis, as appropriate. Univariate and multivariate linear
regression analyses were utilized to assess the association
between serum 25-(OH)D level and variables. Variables with
P < 0:1 in univariate analysis were tested in multivariate
regression analysis. Multivariate models were obtained by
backward selection, using a P value > 0.10 for removal from
the model. A P value < 0.05 was considered statistically sig-
nificant. All statistical analyses were performed by using
SPSS 20.0 software (IBM, Armonk, NY, USA).

3. Results

3.1. Patients’ Demographic and Clinical Characteristics.
According to the above-defined inclusion criteria, 161 BA
infants confirmed by intraoperative cholangiography who
were admitted to Children’s Hospital of Fudan University
between January 2017 and February 2019 were recruited
in the present study. The baseline demographic and clinical
characteristics of the included patients are shown in Table 1.
There were statistically significant differences in PIIINP
(P = 0:041) and ALP (P = 0:007) among the three groups.

3.2. Preoperative VD Status and Univariate and Multivariate
Linear Regression Analyses of Factors Associated with Serum
25-(OH)D Level. The median (interquartile range (IQR))
serum 25-(OH)D level in all the patients was 7.56 (IQR
4.48–11.40) ng/ml. The prevalence of 25-(OH)D deficiency,
insufficiency, and sufficiency was 67.1% (108/161), 29.2%
(47/161), and 3.7% (6/161), respectively. PIIINP, ALP, and
calcium were tested by multivariate linear regression analy-
sis. PIIINP (P = 0:038) and ALP (P = 0:031) were indepen-
dently associated with serum 25-(OH)D level (Table 2).

3.3. Relationship between Serum 25-(OH)D Level and Liver
Function in BA Patients. Table 3 illustrates the correlation
between serum 25-(OH)D level and liver function. Serum
25-(OH)D level was correlated with ALT (r = 0:158, P =
0:045), AST (r = 0:182, P = 0:021), and ALP (r = ‐0:232,
P = 0:003) (Table 3). For those variables correlated with age
(GGT, ALT, AST, TCL, TBA, and phosphate), partial corre-
lation analyses controlling age were performed. Those analy-
ses revealed that ALT and AST were not correlated with
serum 25-(OH)D level (Table 3).

3.4. Relationship between Serum 25-(OH)D Level and Liver
Fibrosis in BA Patients

3.4.1. Relationship between Serum 25-(OH)D Level and Stage
Scores in BA Patients. Stage scores were correlated with age
(r = 0:536, P < 0:001), while ordinal logistic regression analy-
sis disclosed that serum 25-(OH)D level was not correlated
with the stage score (P = 0:143). After adjusting for age, a
decrease in serum 25-(OH)D level was resulted in the
increase of the stage score (odds ratio (OR): 0.94, 95% confi-
dence interval (CI): 0.88-0.99; P = 0:028).

3.4.2. Relationship between Serum 25-(OH)D Level and
Preoperative Biomarkers of Liver Fibrosis in BA Patients. It
was uncovered that PIIINP (r = 0:345, P < 0:001), CIV
(r = 0:312, P < 0:001), and HA (r = 0:452, P < 0:001) were

2 Gastroenterology Research and Practice



increased with the elevation of age, suggesting the develop-
ment of significant fibrosis before surgery. No correlation
between LN and age was observed (r = 0:007, P = 0:929).
Serum 25-(OH)D level was correlated with only PIIINP
(r = ‐0:246, P = 0:002), rather than CIV (r = ‐0:033, P =
0:680), LN (r = ‐0:079, P = 0:319), or HA (r = 0:10, P =
0:890). After adjusting for age, partial correlation analyses
showed that 25-(OH)D level was correlated with only PIIINP

(r = ‐0:212, P = 0:007), but not CIV (r = ‐0:120, P = 0:131),
LN (r = ‐0:092, P = 0:250), or HA (r = ‐0:145, P = 0:068).

3.4.3. Relationship between Serum 25-(OH)D Level and Grade
Scores in BA Patients. Grade scores were correlated with age
(r = 0:236, P = 0:003), while ordinal logistic regression analy-
sis revealed that serum 25-(OH)D level was not correlated
with grade scores (P = 0:157). After adjusting for age, there

Table 1: Demographic and clinical characteristics of the BA patients. Data were presented as frequencies (percentages), mean ± SD, or
median (interquartile range [IQR]), as appropriate.

Variable
25-(OH)D sufficiency

(n = 6)
25-(OH)D insufficiency

(n = 47)
25-(OH)D deficiency

(n = 108) P value

25-(OH)D 24.6 (22.8, 29.6) 12.4 (11.2, 14.5) 5.8 (3.6, 7.6) <0.001
Age (days) 75 (57, 90) 63 (51, 80) 63 (53, 76) 0.508

Sex (male/female) 4/2 21/26 55/53 0.490

Weight (kg) 5:0 ± 0:8 4:7 ± 0:9 4:7 ± 0:9 0.619

GGT (IU/l) 658.5 (160.8, 1023.5) 514.0 (349.0, 789.9) 474.0 (229.0, 847.0) 0.793

Albumin (g/l) 38:4 ± 4:1 38:8 ± 3:6 38:8 ± 3:1 0.911

ALT (IU/l) 128.5 (80.0, 160.3) 109.0 (67.0, 191.0) 95.0 (73.8, 147.0) 0.442

AST (IU/l) 229.0 (104.3, 266.8) 172.0 (123.0, 241.0) 162.5 (113.3, 217.2) 0.595

TB (μmol/l) 157.0 (123.8, 183.5) 153.0 (122.0, 186.0) 155.5 (125.5, 181.3) 0.998

DB (μmol/l) 92.0 (78.5, 109.0) 97.2 (82.2, 127.0) 96.7 (82.0, 119.8) 0.645

ALP (IU/l) 479.5 (404.8, 571.0) 528.0 (443.0, 620.0) 606.0 (475.0, 756.5) 0.007

TCL (mmol/l) 5.0 (4.62, 6.25) 4.7 (4.0, 6.0) 5.0 (4.0, 5.4) 0.581

TBA (μmol/l) 127.2 (96.1, 256.0) 122.8 (95.0, 161.0) 123.6 (100.8, 153.4) 0.910

Phosphate (mmol/l) 1:86 ± 0:26 1:84 ± 0:30 1:84 ± 0:28 0.980

Calcium (mmol/l) 2:33 ± 0:52 2:40 ± 0:48 2:30 ± 0:44 0.408

Batts-Ludwig stage score 0.459

0, N (%) 0 (0%) 0 (0%) 0 (0%)

1, N (%) 0 (0%) 0 (0%) 0 (0%)

2, N (%) 3 (50%) 21 (44.7%) 33 (30.6%)

3, N (%) 2 (33%) 18 (38.3%) 55 (50.9%)

4, N (%) 1 (17%) 8 (17.0%) 20 (18.5%)

Batts-Ludwig grade score 0.539

0, N (%) 0 (0%) 0 (0%) 0 (0%)

1, N (%) 0 (0%) 0 (0%) 3 (2.8%)

2, N (%) 0 (0%) 9 (19.1%) 22 (20.4%)

3, N (%) 6 (100%) 38 (80.9%) 83 (76.9%)

4, N (%) 0 (0%) 0 (0%) 0 (0%)

PIIINP (ng/ml) 547.9 (306.2, 820.3) 371.2 (266.3, 508.2) 467.9 (318.0, 678.1) 0.041

CIV (ng/ml) 578.0 (425.9, 1027.7) 517.9 (376.2, 800.4) 565.3 (398.9, 916.9) 0.450

LN (ng/ml) 354.1 (154.5, 389.7) 352.1 (241.2, 449.6) 330.1 (245.4, 473.8) 0.777

HA (ng/ml) 212.4 (129.4, 459.5) 208.3 (160.5, 283.2) 218.1 (163.5, 328.1) 0.769

Season 0.050

Spring 1 (16.7%) 17 (36.2%) 48 (44.4%)

Summer 1 (16.7%) 17 (36.2%) 27 (25.0%)

Autumn 2 (33.3%) 1 (5.9%) 6 (5.6%)

Winter 2 (33.3%) 12 (25.5%) 27 (25.0%)

GGT: gamma-glutamyl transferase; ALT: alanine transaminase; AST: aspartate transaminase; TB: total bilirubin; DB: direct bilirubin; ALP: alkaline
phosphatase; TCL: total cholesterol; TBA: total bile acids; PIIINP: N-terminal propeptide of type III procollagen; CIV: collagen type IV; LN: laminin;
HA: hyaluronic acid.
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was no correlation between 25-(OH)D level and grade scores
(P = 0:181).

4. Discussion

VD deficiency is frequent in children and adults and leads to
serious health problems worldwide. In recent years, VD has
notably attracted scholars’ attention because of its influences
on cell growth and differentiation, immune function, and

cardiovascular function, as well as calcium and phosphate
homeostasis [12]. Researchers have also investigated the
effect of VD deficiency on hepatic pathophysiology. A num-
ber of scholars showed that VD deficiency was common in
different liver diseases [13]. Furthermore, low VD level was
associated with the severity of liver fibrosis [3]. In this study,
we attempted to assess the relationship between VD defi-
ciency and liver function and liver fibrosis in BA patients.
We found that serum 25-(OH)D level was inversely associ-
ated with the severity of liver fibrosis and serum PIIINP level
in BA patients, suggesting that VD had a protective influ-
ence on liver fibrosis. However, with the exception of ALP,
no correlation was noted between serum 25-(OH)D level
and liver function.

VD deficiency is generally defined as a 25-(OH)D level of
less than 20ng/ml, which is widely believed to be suboptimal
for an individual’s health [14]. However, the levels of VD
insufficiency and deficiency were not clearly defined in chil-
dren. The British Paediatric and Adolescent Bone Group
defined deficiency and insufficiency of VD as 25-(OH)D level
of <10 and 10-20ng/ml, respectively [15]. This definition was
used in the present study as it was also in agreement with
other reports related to VD deficiency in BA patients [11].
Serum 25-(OH)D level was associated with age and latitude.
Serum 25-(OH)D level was 29 ± 11 ng/ml in healthy infants
who aged 0-3 months in southeast China [16]. In Shanghai
(31° N latitude), the median serum 25-(OH)D concentration
was reported 22.4 ng/ml in newborns and 20.9 ng/ml in adults
[17, 18]. However, median serum 25-(OH)D concentration

Table 2: Linear regression analysis of serum 25-(OH)D level in BA patients.

Variable
Univariate Multivariate

Beta BE P value Beta BE P value

Age 0.018 0.022 0.416

Weight 0.383 0.468 0.431

GGT 0.000 0.001 0.931

Albumin 0.101 0.132 0.449

ALT 0.006 0.005 0.224

AST 0.006 0.004 0.143

TB 0.002 0.009 0.863

DB 0.000 0.014 0.991

ALP -0.004 0.002 0.023 -0.004 0.002 0.031

TCL -0.029 0.222 0.897

TBA 0.006 0.007 0.390

Phosphate 0.499 1.534 0.745

Calcium 1.827 0.944 0.055

Batts-Ludwig grade score 1.393 0.931 0.136

Batts-Ludwig stage score -0.842 0.607 0.168

PIIINP -0.002 0.001 0.028 -0.002 0.001 0.038

CIV -0.001 0.001 0.238

LN -0.003 0.003 0.251

HA -0.002 0.001 0.209

Season 0.331 0.358 0.357

GGT: gamma-glutamyl transferase; ALT: alanine transaminase; AST: aspartate transaminase; TB: total bilirubin; DB: direct bilirubin; ALP: alkaline phosphatase;
TCL: total cholesterol; TBA: total bile acids; PIIINP: N-terminal propeptide of type III procollagen; CIV: collagen type IV; LN: laminin; HA: hyaluronic acid.

Table 3: Correlation of serum 25(OH)D level with liver function.

Variable
Correlation
coefficient (r)

P
value

Partial correlation
coefficient (rp)

P
value

GGT 0.052 0.514 -0.008 0.918

Albumin 0.060 0.449

ALT 0.158 0.045 0.105 0.186

AST 0.182 0.021 0.081 0.311

TB 0.069 0.386

DB 0.065 0.415

ALP -0.232 0.003

TCL -0.009 0.910 -0.031 0.697

TBA -0.018 0.822 0.042 0.599

Phosphate 0.026 0.745 0.051 0.523

Calcium 0.152 0.055

GGT: gamma-glutamyl transferase; ALT: alanine transaminase; AST:
aspartate transaminase; TB: total bilirubin; DB: direct bilirubin; ALP:
alkaline phosphatase; TCL: total cholesterol; TBA: total bile acids.
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was 7.56 ng/ml and the prevalence of 25-(OH)D deficiency
was 67.1% in the current study, which revealed that VD defi-
ciency was frequent and severe in BA patients. This phenom-
enon was also reported in previous researches [10, 11]. Such
findings indicate that preoperative VD supplementation is
necessary for young BA infants with early clinical diagnosis.

There are few data detailing the correlation between VD
and liver function in BA patients. In the present study, no
association was observed between serum 25-(OH)D level
and the majority of biomarkers of liver function, with the
exception of ALP. Ng et al. [11] also found negative corre-
lations between serum 25-(OH)D concentration and ALP
in BA infants both preoperatively and postoperatively. Ele-
vated ALP levels indicate that there could be a disease that
affects blood calcium level (hyperparathyroidism), VD defi-
ciency, or damaged liver cells [19]. ALP is closely associated
with bone metabolism in postoperative BA patients [20].
The effects of VD on liver function are controversial. In
the current research, we did not observe an association
between serum 25-(OH)D concentration and bilirubin level
in BA patients. Bilirubin level indicates the severity of cho-
lestasis and resultant fat malabsorption. Ng et al. [11] found
correlations between 25-(OH)D concentration and bilirubin
level, pre-KPE and 6 and 12 months post-KPE in BA
patients. However, such correlation was not found at 1 or
4 months post-KPE [11]. The serum 25-(OH)D level was
significantly higher in the jaundice-resolved group com-
pared with the jaundice-unresolved group in BA patients
[10]. Such conflicting results suggested that serum 25-
(OH)D level was influenced by multiple factors aside from
bilirubin, such as dietary intake or polymorphisms in VD
hydroxylase enzymes. After adjusting for age, AST and
ALT were not correlated with serum 25-(OH)D level.
Recently, a meta-analysis showed that VD supplementation
had no influence on liver function, e.g., AST and ALT, in
patients with NAFLD [21].

Progressive liver fibrosis is a prominent feature of BA and
is also the most important predictor of outcome following
KPE. VD deficiency was found to be frequent in BA patients,
even after KPE surgery and oral VD supplementation [10].
Thus, VD deficiency may be involved in the progression of
liver fibrosis in BA patients. In recent years, a number of
studies revealed that VD deficiency is associated with the
severity of liver fibrosis in patients with liver diseases, involv-
ing CLDs [7] and chronic hepatitis C [22]. There are limited
data presenting an association between VD deficiency and
liver fibrosis in BA patients. In the present research, we found
that VD deficiency was associated with the severity of liver
fibrosis in BA patients preoperatively, suggesting that VD
deficiency was involved in disease progression. Homchan
et al. [20] found that serum 25-(OH)D level in postoperative
BA patients with jaundice was lower than those in patients
without jaundice. However, there were no data regarding
liver fibrosis in that study. Peng et al. [23] demonstrated that
there was an inverse correlation between serum 25-(OH)D
level and liver fibrosis in BA patients post-KPE. There
were some differences between their study and ours.
Firstly, they used acoustic radiation force impulse (ARFI)
to assess liver fibrosis. However, liver histology is the most

accurate method to evaluate the severity of liver fibrosis.
We used both liver histology (Batts-Ludwig stage scores)
and four liver fibrosis biomarkers to assess the severity of
liver fibrosis in our study. Secondly, patients’ age widely
ranged from 1 to 23 years in their study. However, age
has an effect on serum 25-(OH)D. Although no correlation
between age and 25-(OH)D was found, it might be
explained by the small sample size. In our study, the age
of patients was similar. Thirdly, we assessed an association
between VD and liver fibrosis at KPE, rather than post-
KPE, and emphasized the importance of VD deficiency on
liver fibrosis in the early stage of BA. Finally, Peng et al.
excluded the patients who had received liver transplanta-
tion, which might cause some bias.

In the present research, we used the Batts-Ludwig grad-
ing system to assess liver inflammation and fibrosis [24].
Liver inflammation is a hallmark of BA and is related to the
progression of liver fibrosis. No correlation was observed
between serum 25-(OH)D level and grade score, which may
be explained by the skewed distribution of grade scores.
Additionally, PIIINP, CIV, LN, and HA are the four major
biomarkers of liver fibrosis that reflect the deposition or
removal of ECM. In the present study, all four biomarkers
were significantly elevated in BA patients. We also found that
PIIINP, CIV, and HA were correlated with the severity of
liver fibrosis in preoperative BA patients (data were not
shown). However, only PIIINP was found to be inversely
associated with 25-(OH)D level in our study. After adjusting
for age, a trend toward an inverse correlation between serum
25-(OH)D level and CIV, LN, and HA was observed,
although no statistical significance was found. This may be
explained by several reasons. Firstly, the sample size might
not be big enough to reach a statistical difference. Secondly,
there might be other factors which influence the serum levels
of 25-(OH)D on serum fibrosis markers except age. Thirdly,
the mechanism that VD alleviates liver fibrosis is not fully
understood. These four liver fibrosis markers might be regu-
lated through different pathways. It is known that expression
of collagens I and III could be suppressed by VD via inhibit-
ing the activation of the HSC-mediated transforming growth
factor beta (TGF-β) signaling pathway [3].

Multiple researches explored the mechanisms of VD on
liver fibrosis. VD can reduce the expression of collagen
and key profibrotic factors in hepatic stellate cells (HSCs),
LX-2 cells, and mesenchymal multipotent cells (MMCs)
[25–27]. The administration of VD can significantly reduce
deposition of extracellular matrix (ECM) and attenuate the
fibrotic score in different animal models of hepatic injury
[26, 28, 29]. VDR knockout mice develop spontaneous liver
fibrosis, demonstrating that the VD/VDR signaling pathway
regulates hepatic fibrogenesis [26]. Activated HSCs play a
critical role in liver fibrogenesis [30]. VD has antiprolifer-
ative and antifibrotic properties in HSCs by inhibiting the
TGF-β/SMAD signaling pathway [28], which is one of the
most potent profibrogenic pathways in the liver. The VD-
VDR complex can function as a ligand-dependent transcrip-
tional repressor within HSCs, antagonizing TGF-β-mediated
recruitment of SMAD3 to the regulatory loci of numerous
profibrotic genes.
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There are some limitations in our study. Firstly, there was
a lack of data on potential confounders that may influence
the level of VD, including exposure to sunshine, dietary
intake, prevalence of osteoporosis, polymorphism of VD
hydroxylase enzymes, parathyroid hormones [31], and VD-
binding protein [32]. VD levels are regulated by cascade
genes. Polymorphisms of related genes have been found to
be associated with serum VD levels and treatment response,
which should be taken into account in the future study. Sec-
ondly, this was a retrospective study with cross-sectional
data, which cannot provide causation. Although with a limi-
tation, we believe that this was a very interesting and mean-
ingful finding which suggested that VD has an antifibrosis
effect on BA patients before surgery. A well-designed pro-
spective study will enhance the reliability of the results.
Thirdly, there was a lack of the long-term follow-up data,
such as postoperative serum 25-(OH)D level and mortality
rate. Thus, the relationship of VD deficiency and morbidity
and mortality rate could not be determined, which would
be of paramount importance. Lastly, all the patients did not
receive routine VD supplements before surgery. One vitamin
AD gel capsule (each containing 2000 IU of vitamin A and
2700 IU of vitamin D) was administered daily beginning on
postoperative day 4 (resumption of oral diet) after surgery
in our institution. However, related outcomes such as serum
levels of VDR and fibrogenic factors were not available post-
operatively. Thus, the effect of VD supplementation on out-
comes could not be determined. Since serum 25-(OH)D
levels were very low at presentation, VD supplements should
be advised before surgery. Also, serum levels of VDR and
fibrogenic factors should be examined postoperatively in
the future.

In conclusion, our findings demonstrated low serum
25-(OH)D level in BA patients and an inverse correlation
of VD status and the severity of liver fibrosis. Furthermore,
with the exception of alkaline phosphatase, serum 25-
(OH)D concentration was not correlated with liver function.
There is progressive liver fibrosis before KPE; VD demon-
strates its protective effect on liver fibrosis to a certain extent.
Recently, VD supplementation was found to be an attractive
therapeutic strategy for treating liver fibrosis, as well as
improving liver function [6, 33]. Preoperative VD supple-
mentation might be helpful for alleviating liver fibrosis in
young infants with an early clinical diagnosis of BA. Fur-
ther prospective studies are needed to determine the rela-
tionship of VD deficiency and morbidity and mortality
rate, as well as the effect of VD supplementation on out-
comes in BA patients.
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