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Abstract

Background: Vitamin D (VD) is important in hepatic fibrogenesis in animal models and human studies. VD defi-
ciency is associated with liver fibrosis progression. Metabolic dysfunction of the liver, as an intermediate organ for VD
metabolism, contributes partly to this deficiency. We hypothesized that improving hepatic fibrosis and inflammation
in chronic hepatitis C (CHC) patients after eradication with direct-acting antivirals (DAA) would increase 25-hydroxyVD
[25(OH)VD] levels.

Methods: Eighty CHC patients (17 chronic hepatitis, and 63 cirrhosis) were enrolled. Baseline characteristics, hepatitis
Cviral load (VL), genotypes, liver enzymes and liver stiffness measurements (LSM) were assessed at baseline. Blood
samples for 25(OH)VD and the procollagen type Ill N-terminal peptide (P3NP) were collected at baseline, 24 and

48 weeks. LSMs were re-evaluated at 48 weeks. Serum 25(0OH)VD levels < 30 ng/mL were defined as VD insufficiency/
deficiency. Paired t-tests were used for statistical analyses.

Results: Among 80 patients, the mean age was 57.7 +10.5 years, and 52.5% were men. The mean VL was 6.1 +0.7
loglU/mL with genotype 1 predominance (55%). All patients achieved sustained virological response. The alanine ami-
notransferase levels decreased from 79.9+53.3 U/L at baseline to 25.7 +17.2 and 22.34+11.0 U/L at 24 and 48 weeks,
respectively (p <0.001). The mean LSM decreased from 19.2415.3 to 11.7 £ 8.0 kPa at 48 weeks (p <0.001). The P3NP
levels decreased from 43.6+ 22.0 ng/mL before treatment to 35.7 £21.1 and 29.4+15.0 ng/mL at 24 and 48 weeks,
respectively (p <0.001). The proportions of VD insufficiency/deficiency were 72.5%, 91.3%, and 86.5% at baseline,

24 and 48 weeks, respectively. The 25(0OH)VD levels decreased from 26.3 4+10.7 ng/mL at baseline to 20.8+ 8.1 and
20.8£8.5 ng/mlL at 24 and 48 weeks, respectively (p <0.001).

Conclusions: Curative treatment with DAA attenuated the liver stiffness and inflammation but did not improve
VD levels. Over 80% of patients remained VD insufficient/deficient. Whether VD replacement during and after DAA
therapy can improve hepatic fibrosis remains unclear.
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Trial registration The Thai Clinical Trial Registry as TCTR20161025001 (31 October 2016). http://www.clinicaltrials.in.th/
index.php?tp=regtrials&menu=trialsearch&menu=fulltext&task=search&task2=view1&id=2136.
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Background

Vitamin D (VD) deficiency is the most common nutri-
tional deficiency and affects millions of people world-
wide [1]. Apart from insufficient sunlight exposure,
chronic liver disease and genetic variances in the genes
involved in VD metabolism are the major causes of VD
deficiency [2, 3]. VD is primarily involved in calcium
homeostasis and plays important roles in the immune
system, cell differentiation and proliferation, and
hepatic fibrogenesis [4, 5]. The liver is an intermedi-
ate organ in VD metabolism that hydroxylates preVD
to 25-hydroxyVD [25(OH)VD], and serum levels of
25(OH)VD represent the VD status. Levels between 20
and 30 and <20 ng/mL indicate VD insufficiency and
deficiency, respectively [6].

Chronic liver diseases are one cause of VD defi-
ciency, and the degree depends on the disease sever-
ity [7]. One proposed explanation for this deficiency
is decreased liver metabolic functions due to hepatic
injury and fibrosis [3]. Apart from affecting general
health, VD deficiency promotes and exacerbates fibro-
genic processes in addition to the liver injury caused
by the primary etiology of chronic liver diseases such
as hepatitis C virus (HCV). Eradicating the cause of
chronic liver diseases attenuates hepatic inflammation,
the degree of hepatic fibrosis, and liver disease sever-
ity as assessed by the Child-Turcotte-Pugh (CTP) and
model for end-stage liver disease (MELD) scores [8, 9].
These scoring systems are based partly on or reflect
synthetic or metabolic liver functions such as albumin
and coagulation factors.

HCV is a major cause of chronic liver disease, and
its complications affect millions of people worldwide.
The recent development of a new generation of direct-
acting antivirals (DAA) has resulted in a>90% cure
rate [10]. HCV eradication has been shown to improve
hepatic inflammation and functions within a few
months [11], as well as improve hepatic fibrosis after
cure [12, 13].

VD deficiency is common among patients with
chronic hepatitis C (CHC), with a prevalence near 90%
[7, 14]. To our knowledge, no data exist that show how
HCV eradication affects hepatic VD metabolic func-
tions. We hypothesized that attenuated hepatic inflam-
mation and fibrosis due to curing HCV with DAA may
positively affect VD synthesis, resulting in increased
VD levels.

Methods

Patients and study design

This retrospective cohort study was part of a previous
project evaluating CHC patients who underwent DAA
treatment between November 2016 and December 2017.
The study was conducted at the outpatient department
of King Chulalongkorn Memorial Hospital, a tertiary
referral center and academic teaching hospital in Bang-
kok, Thailand. Blood samples and medical records were
retrieved from 80 CHC patients. We analyzed the avail-
able data from blood samples collected for other research
purposes and liver stiffness measurements (LSM), which
were performed as a standard of care.

The inclusion criteria were naive or nonresponder
CHC patients and age between 18 and 80 years old. The
exclusion criteria were history of VD supplements within
the last 3 months, decompensated liver cirrhosis, coin-
fection with hepatitis B virus (HBV) or human immuno-
deficiency virus, autoimmune diseases, history of steroid
or immunosuppressive therapy, or history of interferon
treatment within 12 months.

All CHC patients completed a DAA regimen accord-
ing to their HCV genotype and liver fibrosis stage. After
initiating treatment, patients attended regular follow-up
visits, and their serum transaminase levels were moni-
tored at each appointment. Blood samples were collected
at baseline, 24 and 48 weeks after enrollment. Baseline
characteristics, HCV viral load (VL), HCV genotypes,
liver enzymes, procollagen type III N-terminal peptide
(P3NP), and serum 25(OH)VD levels were assessed.
LSM was performed using Fibroscan® (Echosens, Paris,
France) at baseline and reevaluated at 48 weeks. Blood
samples were stored at—70 °C and simultaneously
assessed for 25(OH)VD and P3NP levels at the end of the
study. Figure 1 shows the study protocol.

Laboratory methods

Measurement of VD levels

Serum 25(OH)VD levels were measured using the Liai-
son 25(OH)VD total assay (DiaSorin, Saluggia, Italy),
which was performed on the LIAISON® chemilumines-
cence analyzer following the manufacturer’s instructions.
Final concentrations are reported in ng/mL.

According to the Endocrine Society Practice Guide-
lines [15], the criteria for VD insufficiency/deficiency was
defined as serum 25(OH)VD <30 ng/mL. Serum 25(OH)
VD concentrations<20 ng/mL and between 20 and
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Fig. 1 Flow diagram of the study

29 ng/mL were defined as VD deficiency and VD insuf-
ficiency, respectively.

Measurement of P3NP levels

Serum concentrations of P3NP were measured via the
quantitative sandwich enzyme-linked immunosorbent
assay technique following the manufacturer’s instruc-
tions (Cloud-Clone Corp., Houston, TX, USA). The
results were calculated by referencing the standard curve.

Statistical analysis

Baseline characteristics are presented as the percentage
or mean+standard deviation (SD). Categorical vari-
ables were analyzed using chi-square or Fisher’s exact
tests when appropriate. Continuous variables with a nor-
mal distribution were compared within groups (pre- and
post-treatment) with dependent ¢-tests; variables with a
skewed distribution were compared using the Wilcoxon
signed-rank test. The normality of continuous data was
assessed by visually inspecting histograms, and conduct-
ing a Shapiro-Wilks test. All statistical analyses were per-
formed in SPSS Version 22.0 (IBM Corp., Armonk, NY,
USA). Differences were considered significant at p < 0.05.

Ethical approval and consent to participate
The Ethics Committee of the Institutional Review
Board at Chulalongkorn University, Bangkok, Thailand,

reviewed and approved the study in accordance with
the Declaration of Helsinki (1989) of the World Medi-
cal Association (IRB No.: 424/59). The study was
registered with the Thai Clinical Trial Registry as
TCTR20161025001 on 31 October 2016 (Additional
files 1 and 2: Supplementary data 1 and 2). All patients
enrolled in this study provided written informed consent
and consent for publication.

Results

General characteristics

From November 2016 through December 2017, 80 CHC
patients completed DAA treatment. Table 1 summarizes
their baseline demographic characteristics and labora-
tory data.

Of the patients, 52.5% were male with a mean age of
57.7 years (range 33-77 years); 63 (78.8%) had compen-
sated liver cirrhosis; 58 (72.5%) were Child—Pugh class
A, and 5 (6.3%) were Child—Pugh class B. Liver cirrho-
sis was diagnosed according to clinical basis, including
laboratory tests or LSM >12.5 kPa [16] or imaging con-
sistent with cirrhosis. Most patients had HCV genotype
1 (n=44, 55.0%) with a mean log HCV VL of 6.1 logIU/
mL. More than half the patients (n=42, 52.5%) were
naive (Additional file 3: Supplementary data 3). The
DAA treatment regimen consisted of sofosbuvir (SOF),
daclatasvir (DAC), ledipasvir (LED), and velpatasvir
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Table 1 Baseline characteristics of CHC patients

Characteristics Total
population
(n=80)
Age (years) 5774105
Sex: male, n (%) 42 (52.5)
Body mass index (kg/m?) 244435
Naive cases, n (%) 42 (52.5)
Cirrhosis, n (%) 63 (78.8)

Child-Pugh class A 58(72.5)

Child-Pugh class B 5(6.3)
Liver stiffness (kPa)? 1924153
HCV viral load (log IU/mL) 6.1+£0.7
Genotype, n (%)

1 44 (55.0)

3 30 (37.5)

6 6(7.5)
Alanine aminotransferase level (U/L) 80.0+533
Treatment regimen, n (%)°

SOF/DAC 22(27.5)

SOF/LED 8(10.0)

SOF/VEL 1(1.25)

SOF/DAC/RBV 42 (52.5)

SOF/LED/RBV 6(7.5)

SOF/VEL/RBV 1(1.25)
Sustained virological response, n (%) 80 (100)

? n=49

b DAC, daclatasvir; LED, ledipasvir; RBV, ribavirin; SOF, sofosbuvir; VEL,

velpatasvir
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(VEL). Most patients (n=42, 52.5%) had been treated
with SOF/DAC/ribavirin (RBV). DAA duration depended
on fibrosis stage and treatment regimen. At 24 weeks,
59 CHC patients who underwent a 12-week regimen
achieved sustained virological response (SVR), whereas
the remaining 21 CHC patients completed their 24-week
DAA courses, and all achieved SVR within 12 weeks later.
Six CHC patients were lost to follow-up at 48 weeks.

Changes in alanine transaminase (ALT) levels

Pre-and post-treatment blood samples were taken from
80 CHC patients. After DAA treatment, mean ALT lev-
els decreased significantly from 79.9+53.3 U/L at base-
line to 25.7+£17.2 U/L and 22.3+11.0 U/L at 24 and
48 weeks, respectively (p <0.001, Fig. 2).

At 24 weeks, 11 (13.8%) CHC patients still had ALT
levels >40 U/L (range 42—119 U/L). ALT levels normal-
ized in all but 3 (3.8%) CHC patients at 48 weeks. Of
these three patients with persistent hepatitis (range
42-66 U/L), two were diagnosed with drug-induced liver
injury (herb), and one had nonalcoholic steatohepatitis.

Changes in liver stiffness
Available paired LSM pre- and post-treatment data were
retrieved from 49 of 80 patients. The mean LSM at base-
line was 19.2+15.3 kPa, which significantly decreased to
11.7 £ 8.0 kPa at 48 weeks (p <0.001, Fig. 3).

Liver stiftness was greatly reduced after DAA treatment
in cirrhotic CHC patients (21.7+15.4 vs. 13.01+8.2 kPa
at weeks 0 and 48, respectively; p<0.001) compared with
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Fig.2 ALT levels in CHC patients at baseline and after DAA curative treatment
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Fig. 3 LSM in CHC patients at baseline and after DAA curative

treatment

Table2 Changes in liver stiffness between cirrhotic
and non-cirrhotic patients

Week 0 (kPa) Week 48 (kPa) p value
Cirrhotic (n=41) 21.74+154 13.0+82 <0.001
Non-cirrhotic (n=28) 59+14 51407 0.141

CHC patients without cirrhosis. No significant change in
LSM was observed in the non-cirrhotic group (Table 2).

Changes in P3NP levels

Changes in serum P3NP levels were analyzed from
paired blood samples from 80 patients at 24 weeks
and 74 patients at 48 weeks. The mean P3NP level was
43.64+22.0 ng/mL before DAA treatment and signifi-
cantly decreased to 35.7+21.1 and 29.4+15.0 ng/mL at
24 and 48 weeks, respectively (p <0.001, Fig. 4).

Changes in serum 25(OH)VD levels
Changes in serum 25(OH)VD levels were assessed from
paired blood samples from 80 and 74 patients taken at
24 and 48 weeks, respectively. Serum 25(OH)VD levels
decreased significantly from a mean of 26.3+10.7 ng/mL
before DAA treatment to 20.8 8.1 and 20.8 8.5 ng/mL
at 24 and 48 weeks, respectively (p <0.001, Fig. 5).
Patients with cirrhosis had significantly lower pretreat-
ment 25(OH)VD levels compared with those without
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cirrhosis (25.0£10.5 vs. 31.0+10.3 ng/mL, p=0.039).
Even after curative treatment, cirrhotic patients still had
lower 25(OH)VD levels at 48 weeks than non-cirrhotic
patients; however, this difference was not statistically
significant (19.94+8.2 vs. 24.14+9.4 ng/mL, p=0.087;
Table 3).

The proportions of VD insufficiency/deficiency in
CHC patients were 72.5%, 91.3%, and 86.5% at baseline,
24 weeks, and 48 weeks, respectively. Serum 25(OH)VD
levels were stratified into three categories: deficiency
(<20 ng/mL), insufficiency (20-29.9 ng/mL), and normal
(>30 ng/mL). Notably, the proportion of patients with
VD deficiency significantly increased from 26.3% at base-
line to 58.8% and 58.1% at 24 and 48 weeks, respectively
(p<0.001, Fig. 6).

Advanced liver fibrosis

A subgroup analysis was performed based on LSM.
Patients with liver stiffness>9.5 kPa were classified as
having advanced liver fibrosis (> F3) in accordance with
international cutoff guidelines [17, 18]. CHC patients
with advanced liver fibrosis had significantly higher ALT
and P3NP levels at baseline than those without advanced
fibrosis (Table 4). Additionally, pretreatment VD levels
were significantly lower in CHC patients with advanced
liver fibrosis (21.9+6.4 vs. 26.8£9.1 ng/mL, p=0.036).
After DAA treatment, ALT and P3NP levels remained
higher at 48 weeks in patients with advanced liver
fibrosis. However, VD levels did not significantly differ
between groups at 48 weeks.

Discussion

This study analyzed changes in VD levels after curative
treatment of HCV at 24 and 48 weeks after treatment
initiation. All patients were cured of HCV as confirmed
by the 12-week SVR. The retrospective data showed an
improvement in the degree of hepatic fibrosis as assessed
by liver elastography (Fibroscan®) and decreased
P3NP levels. Nearly all patients showed normalized
transaminase enzyme levels. Paired serum samples
from 80 patients demonstrated no significant improve-
ment in VD levels. In addition, at the end of the study,
86.5% and 58.1% of patients had VD levels below 30 ng/
mL (VD insufficiency) and 20 ng/mL (VD deficiency),
respectively.

VD is an essential hormonal substance involved in
normal organ physiology and pathophysiology in several
diseases [1]. High proportions of patients with chronic
liver diseases have VD insufficiency and deficiency,
which worsen along with the hepatic function and cir-
rhosis severity [7]. As the liver is an intermediate organ
involved in VD synthesis and several lines of evidences
and hypotheses suggest that decreased hepatic metabolic
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Fig. 4 P3NP levelsin CHC patients at baseline and after DAA curative treatment
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Fig. 5. 25(0OH)VD levels in CHC patients at baseline and after DAA
curative treatment

functions caused by inflammation and fibrosis may be a
major cause of low VD levels [3]. This mechanism was
the initial hypothesis of our study. Other potential causes
include a lack of ultraviolet (UV) exposure, poor intake
due to underlying liver diseases (especially patients with

decompensated liver diseases), and underlying genetic
variations in the genes involved in VD metabolism [3].
After entering hepatocytes, cholecalciferol is metabo-
lized through microsomal enzymes and cytochrome
P450 (CYP), mainly CYP2R1, also known as the
25-hydroxylase enzyme [19]. The function of this enzyme
can be assessed by measuring transcription levels in
hepatic tissues, but this approach is not applicable to the
clinical outcome of interest [20]. A large study on various
quantitative liver function tests (QLFTs) involving bile
acid and dynamic and metabolic functional assessments
in CHC patients with advanced fibrosis and cirrhosis
showed an add-on benefit in predicting clinical outcomes
[21]. However, these QLFTs represent global, not spe-
cific, hepatic function. Thus, in our study, we measured
VD levels rather than CYP2R1 function to explore the
effect of treatment on VD deficiency. Our study showed
that upon curing HCV with decreases in hepatic fibro-
sis and inflammation, 25(OH)VD levels remained lower
than 30 ng/mL in nearly 90% of patients. These patients
were not asked to change their lifestyles or food intake,
and nearly all of them had compensated liver diseases
with no reason for limitations in their daily activities.
Previous data showed that approximately 39% and 43% of
the Thai general population and residents in the central
part of Thailand, respectively, had VD levels below 30 ng/
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Table 3 Serum 25(OH)VD levels in CHC patients at baseline and after DAA curative treatment comparing cirrhotic

and non-cirrhotic patients

Week 0 (ng/mL) Week 24 (ng/mL) Week 48% (ng/mL)
Cirrhotic (n=63) 250+10.5 202481 199+82
Non-cirrhotic (n=17) 3104103 228477 241494
p value 0.039 0.251 0.087

@ Six patients were lost to follow-up at 48 weeks; 5 in cirrhotic group and 1 in non-cirrhotic group

percent

100
90
80
70
60
50
40

30

20
«— p<0001 —>

Deficiency ®Insufficiency ®Normal

«— p=0238 ——

p<0.001
0 week 24 weeks 48 weeks

Fig. 6 Serum 25(OH)VD level distribution in CHC patients at baseline, 24 weeks, and 48 weeks

Table 4 Comparison of laboratory data between CHC
patients with and without advanced liver fibrosis

Liver stiffness <F3(n=15) >F3(n=34) p value
measurement

ALT levels (U/L)

Week 0 56.7+48.0 9734609 0.027

Week 24 154490 323+£219 0.006

Week 48 143+£6.1 2454100 0.001
P3NP levels (ng/mL)

Week 0 358+121 490+14.6 0.004

Week 24 294+134 3874185 0.088

Week 48 259459 3931147 0.002
25(0OH)VD levels (ng/mL)

Week 0 268+9.1 219+64 0.036

Week 24 19.2+6.7 19.7£52 0.816

Week 48 223480 194465 0.206

mL, and 7% of the latter were VD deficient (<20 ng/mL)
[22]. The high rate of CHC patients with VD deficiency
that did not improve along with enhanced hepatic func-
tions was not be clarified by our study setting. Several

other factors may have affected the results. Variations
in genetic background causing VD deficiency have been
shown in several large studies [2, 23], as well as our data
in Thai patients with chronic hepatitis B and C [24, 25].
The remaining VD deficiency after DAA therapy might
be explained by other uncorrected factors rather than
poor metabolic liver function. To put it another way,
impaired liver function might not be a major cause con-
tributing to this nutritional deficiency in CHC patients.
In addition, although Thailand experiences heavy sun-
light and UV-B exposure year-round, many people, espe-
cially those in urban areas, prefer to remain in the shade.
Further, food type and amount are not normally a major
cause of VD deficiency. Except for VD acquired from sup-
plements or fortified milk, foods high in VD that contain
1000-2000 units per day are recommended [6]. However,
a study by Lange et al. demonstrates a trend towards a
lower incidence of VD deficiency at 24 weeks after treat-
ment completion with interferon [14]. This finding sug-
gests that hepatic VD metabolism, especially 25-alpha
hydroxylation, might take time to be restored and show
clinical benefit. A relatively short-time period in the cur-
rent study may not allow observation of a demonstrable
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VD change. Longer VD level monitoring is required to
explore this hypothesis. Nevertheless, the most crucial
result of the present study is that VD deficiency persists
in CHC patients after being cured of HCV.

The influence of VD on chronic liver diseases has
been thoroughly described in various studies regardless
of etiologies. Serum VD levels were inversely correlated
with HBV VL in patients with chronic hepatitis B [26,
27]. Low serum 25(OH)VD levels were associated with
advanced disease and were also a predictor of response
with ursodeoxycholic acid in primary biliary cholangi-
tis patients [28]. Additionally, low serum VD levels were
related to severe histological features and potentially pre-
dicted unfavorable treatment outcomes in patients with
autoimmune hepatitis [29]. Among CHC patients, VD
deficiency has several detrimental effects, including dys-
regulation of T-cell functions, resulting in lower response
rates of the HCV genotype 1 to pegylated interferon and
RBV treatment [14, 30]. However, the revolutionization
of HCV treatment with DAA has improved the overall
curative rate to nearly 100% [10]. The issues of immune
dysregulation and VD replacement to improve the cure
rate are negligible. What is left for the researches on VD
in liver diseases is its effect on hepatic fibrogenesis, which
is immensely important [4, 31]. VD deficiency negatively
affects hepatic fibrosis. VD replacement may help pre-
vent and improve hepatic fibrosis. Our recent study on
CHC patients showed that short-term VD supplementa-
tion can improve serum markers associated with fibro-
genesis [32].

Improvement in liver functions and hepatic fibrosis
after curative treatment of HCV in the era of DAA has
been clearly demonstrated. Both decreased hepatitis
and reduced MELD/CTP scores usually occur during
the early period of treatment and continuously improve
throughout the 12-week course of therapy and after the
disease is cured (SVR 12 and 24 weeks) [8, 11]. Nowa-
days, follow-up assessments of hepatic fibrosis by liver
biopsy are increasingly rare and have been replaced by
various liver stiffness assessment tools such as transient
elastography, ultrasound elastography, and magnetic
resonance elastography. Our study demonstrated a sig-
nificant decrease in liver stiffness scores within 6 and
12 months after starting DAA treatment, as reported by
others [33, 34]. However, the elevation in stiffness scores
could be falsely increased or masked by the degree of
transaminitis [35]. Additionally, the decrease of LSM
early after DAA treatment did not truly reflect liver fibro-
sis regression but rather than a significant reduction in
degree of necroinflammation [36]. Therefore, we added
a paired study of the P3NP levels as a fibrogenic marker
to demonstrate the improved hepatic fibrosis in our
patients. This peptide is generated during the process of
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type 3 collagen synthesis and has been used with moder-
ate accuracy in a follow-up study of hepatic fibrosis [37].

The results should be considered in the context of some
limitations. As a retrospective study, patients’ activities
and food intake could not be recommended or recorded.
However, patients with histories of taking VD supple-
ments were excluded. In addition, this study evaluated
only the clinical improvement in hepatic inflammation
and fibrosis. No QLFTs were included in the study to
assess minor improvements in global hepatic function,
as the standard LFTs could not show changes in dynamic
metabolic functions. Lastly, the small numbers of partici-
pants in the cohort might not provide a strong conclu-
sion. Hence, a larger confirmatory or a population-based
design is warranted in a future study.

Conclusions

In summary, the present study demonstrated improve-
ments in hepatic inflammation and fibrosis within 24 and
48 weeks after starting DAA treatment in CHC patients
who achieved SVR. Importantly, over 80% of the CHC
patients had VD insufficiency/deficiency before HCV
treatment, which did not improve after curative HCV
treatment and reduction of hepatic inflammation and
fibrosis.

VD is normally required for general health and to pre-
vent several diseases. VD supplementation in patients
with chronic liver diseases with persistent hepatic fibrosis
is another issue to be explored in view of the benefit of
VD in accelerating fibrolytic processes.
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