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Abstract

Background: Although there are many reports on the relationship between serum 25-hydroxyvitamin D3 levels and chronic liver 
diseases, the relevance of the former to the latter is still unclear.
Objectives: This study aimed at clarifying the relationship between serum 25-hydroxyvitamin D3 levels and HBV-related markers, 
such as HBV-DNA, hepatitis B surface antigen (HBsAg), and hepatitis B virus core-related antigen (HBcrAg) in patients with chronic 
hepatitis B.
Methods: This was a multicenter retrospective study. The subjects consisted of 236 consecutive untreated patients with chronic 
hepatitis B. Serum 25-hydroxyvitamin D3 levels were measured by double-antibody radioimmunoassay. The 25-hydroxyvitamin D3 

levels were divided to three groups: ≤ 20 ng/mL for deficiency, 21 to 29 ng/mL for insufficiency, and ≥  30 ng/mL for sufficiency. 
Results: The subjects consisted of 127 males and 109 females, with a median age of 57 years (range, 15 to 84 years). The patients with 
positive HBeAg and genotype C accounted for 14.4% and 63.1%, respectively. The median HBV-DNA level and HBsAg level were 684 
IU/mL and 750 IU/mL, respectively. The median serum 25-hydroxyvitamin D3 level was significantly lower in patients (21.0 ng/mL) 
than in healthy volunteers (25.0 ng/mL, P = 0.013). The median serum 25-hydroxyvitamin D3 level in patients with a serum HBsAg 

level ≥ 1000 IU/mL was significantly lower than that in patients with a  serum HBsAg level o f <  1000 U/mL (P =  8.06 × 1 0-3). The 

incidence of the HBsAg level ≥ 1000 IU/mL was 55.8% in patients with vitamin D deficiency and 3 8.2% in patients with vitamin D 

insufficiency/sufficiency (P = 8.92 × 10-3). On multivariate analysis, female gender, the cold season, and a serum HBsAg level of ≥ 
1000 IU/mL were independently associated with vitamin D deficiency. From the opposite viewpoint, vitamin D deficiency and high 

serum HBcrAg level were independent factors associated with an HBsAg level of ≥ 1000 IU/mL.
Conclusions: This study suggests that serum vitamin D level is closely and negatively correlated with the HBsAg level in chronic 
hepatitis B patients.
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1. Background

Hepatitis B virus (HBV) infection is one of the most crit-
ically infectious diseases around the world. Despite the de-
velopment of effective vaccinations,≥ 240 million people
still experience persistent HBV infection (1). Chronic hep-
atitis B (CHB) increases the risk of liver cirrhosis and hep-
atocellular carcinoma (2). Specifically, the level of serum
hepatitis B surface antigen (HBsAg), as well as HBV viral
load, is closely related to carcinogenesis. The incidence of
hepatocellular carcinoma is significantly increased in pa-

tients with an HBV-DNA level of ≥ 2,000 IU/mL. Even if
an HBV-DNA load is below 2000 IU/mL, the carcinogenic
rate still remains high in patients with an HBsAg level of
≥ 1000 IU/mL (3).

The main functions of vitamin D (VD) include calcium
absorption in the small intestine and regulation of the cal-
cium level through bone resorption (4). The other func-
tions of VD on various substances/tissues have also at-
tracted attention (5). Vitamin D has a regulatory role in
innate and acquired immunity (6), and therefore, regu-
lates various diseases, including tuberculosis (7), coronary
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artery disease (8), diabetes/insulin resistance (9), and can-
cer (10). Vitamin D is also associated with chronic liver dis-
ease, including chronic hepatitis C (CHC) (11-13) and CHB
(14-16). In one study, a low serum VD level was associated
with marked HBV replication (14). In another study, the
serum VD level had no relevance to HBV viral load (15), and
yet another study revealed that the serum VD level had no
impact on anti-HBV treatment (16). Therefore, the involve-
ment of VD in CHB is controversial and does not reach a
definitive conclusion. In Japan, no study has reported the
clinical relevance of serum VD level in patients with CHB.

2. Objectives

The purpose of this study was to investigate whether
serum VD levels could be involved in HBV-related markers,
including the HBsAg level, which is closely related to car-
cinogenesis and is used as an ultimate end-point marker
of CHB treatment, in patients with CHB in Japan.

3. Methods

3.1. Subjects

Consecutively untreated patients with CHB were en-
rolled in this study between April, 2013 and April, 2017 at
the Nippon Medical school Chiba Hokusoh hospital, Jikei
University Katsushika Medical Center, and Otakanomori
Hospital. Leading inclusion criteria were as follows: i, HB-
sAg persistently seropositive for ≥ 6 months; ii, being
treatment-naive; iii, patients’ statuses graded 0 or 1 ac-
cording to the Eastern cooperative oncology group perfor-
mance status criteria. Exclusion criteria were as follows: i,
coinfection with HCV or human immunodeficiency virus;
ii, amount of ethanol intake ≥ 60 g/day; iii, the presence
of other chronic liver diseases, such as autoimmune hep-
atitis and primary biliary cholangitis; iv, the presence of
hepatocellular carcinoma; v, receiving chemotherapy for
any diseases; and vi, taking supplements including VD. The
control group consisted of 80 gender-, age-, and collec-
tion season-matched healthy volunteers, who registered
between April, 2013 and April, 2017. This study was con-
ducted in accordance with the Helsinki declaration and
was approved by the ethics review board of Nippon Medi-
cal school Chiba Hokusoh hospital. Written informed con-
sent was obtained from all patients.

3.2. Laboratory and Hepatitis B Virus-Related Markers

Blood cell count and serological biochemical tests
were obtained at the start of this study. Serum hepati-

tis envelope antigen (HBeAg) and antibody to the hepati-
tis B envelope antigen (HBeAb) were measured using Ar-
chitect HBeAg and HBeAb assay kits (Abbott, Illinois, USA).
Hepatitis B Virus genotypes were determined with a com-
mercial kit, using a combination of epitopes expressed on
the pre-S2 region product (HBV Genotype EIA; Institute of
Immunology, Tokyo, Japan). Serum HBV-DNA levels were
quantified using Cobas TaqMan HBV v.2.0 (Roche Diagnos-
tics, Tokyo). Serum HBsAg levels were quantified using the
Architect HBsAg QT assay kit (Abbott Laboratories, Tokyo).
Serum hepatitis B virus core-related antigen (HBcrAg) lev-
els were quantified using a fully automated analyzer sys-
tem (Lumipulse System; Fujirebio, Tokyo). Based on the
HBV-DNA level, the subjects were divided to two groups: a
group with an HBV-DNA-level ≥ 2000 IU/mL and a group
with < 2000 IU/mL. Based on the HBs antigen level, pa-
tients were divided to two groups: a group with HBs anti-
gen level ≥ 1000 IU/mL and a group with < 1000 IU/mL.
All HBV-related markers were measured at the start of this
study.

3.3. Measurement of Serum 25-Hydroxyvitamin D3 Levels

Serum 25-hydroxyvitamin D3 levels were measured us-
ing a double-antibody radioimmunoassay kit (SRL Inc.,
Tokyo). Serum VD levels were classified to three groups: ≤
20 ng/mL for VD deficiency, 21 to 29 ng/mL for VD insuffi-
ciency, and ≥ 30 ng/mL for VD sufficiency (17). The cases,
for whom the serum VD levels were measured between May
and October (period during long daylight hours), were
defined as the “warm season” group, and those between
November and April (period during short daylight hours),
were defined as the “cold season” group.

3.4. Fibrosis Markers and Liver Stiffness

Serum hyaluronic acid, type 4 collagen-7S levels, and
WFA+-Mac-2 binding protein were measured as liver fibro-
sis markers at the start of this study. The FIB-4 index was
also calculated as a fibrosis marker (18). A FIB-4 index of ≥
3.25 was defined as advanced liver fibrosis. The measure-
ment of the liver stiffness was performed by transient elas-
tography using a FibroScan (EchoSens, Paris, France). Liver
stiffness was expressed as Kilopascals (kPa) and recorded
as the median value of all measurements. Patients that re-
ported a liver stiffness value of ≥ 7 kPa were regarded as
having advanced liver fibrosis (19).

3.5. Statistical Analyses

All statistical calculations were performed using the
SPSS version 20.0 software (IBM Japan, Tokyo). A P value of <
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0.05 was regarded as significant. The differences between
the two groups with varying variables were examined us-
ing the Mann-Whitney U-test or Fisher’s exact test, as ap-
propriate. Logistic regression analysis for univariate com-
parison was performed to investigate whether each factor
was associated with VD deficiency and a serum HBsAg level
≥ 1,000 IU/mL, respectively. Multiple logistic regression
analysis was performed to identify significant and inde-
pendent factors that influenced VD deficiency and a serum
HBsAg level ≥ 1000 IU/mL, respectively.

4. Results

4.1. Background

This study cohort included 236 patients, who met the
inclusion criteria and were subjected to analysis (Table
1). The patients consisted of 127 males (53.8%) and 109 fe-
males (46.2%), with a median age of 57 years (range: 15 to
84 years). There were 33 HBeAg-positive patients (14.4%)
and 203 HBeAg-negative patients (85.6%). Hepatitis B virus
genotype A, B, and C were detected in 23 (9.7%), 41 (17.4%),
and 149 (63.1%) patients, respectively. The median HBV-DNA
and HBsAg levels were 684 IU/mL (range: not detected-
1.72 × 108 IU/mL) and 750 IU/mL (range: 0.05 to 1.25 × 105

IU/mL), respectively. Other factors, including liver fibrosis
markers, are shown in Table 1. Samples were collected dur-
ing the cold season in 125 patients and during the warm
season in 111 patients.

4.2. Comparison of Serum 25-Hydroxyvitamin D3 Level Between
Chronic Hepatitis B Patients and Healthy Volunteers

The serum 25-hydroxyvitamin D3 level was signifi-
cantly lower in patients with CHB than in healthy vol-
unteers (P = 0.013, Figure 1A). Among patients with CHB,
serum 25-hydroxyvitamin D3 levels were classified as defi-
cient in 47.9%, insufficient in 34.3%, and sufficient in 17.8%.
Among the healthy volunteers, serum 25-hydroxyvitamin
D3 levels were classified as 33.7%, 40.0%, and 26.3%, respec-
tively. The proportion of VD deficiency in patients with CHB
was significantly higher than that in healthy volunteers (P
= 0.031, Figure 1B).

4.3. Factors Associated with Serum 25-Hydroxyvitamin D3 Level
in Patients with Chronic Hepatitis B

Among patients with CHB, the serum 25-
hydroxyvitamin D3 level in males (median, 25.0 ng/mL;
range, 9 to 48 ng/mL) was significantly higher than in
females (median, 19.0 ng/mL; range, 6 to 53 ng/mL; P =
4.09 × 10-5, Figure 2A). The serum 25-hydroxyvitamin D3

level in the cold season group (median, 18.0 ng/mL; range,
8 to 40 ng/mL) was significantly lower than in the warm
season group (median, 24.0 ng/mL; range 6 to 53 ng/mL; P
= 6.09 × 10-3, Figure 2B). Regarding HBV-related markers,
there was no difference in the serum 25-hydroxyvitamin
D3 level between HBeAg-positive patients (median, 22.5
ng/mL; range, 9 to 43 ng/mL) and HBeAg-negative patients
(median, 21.0 ng/mL; range, 6 to 53 ng/mL; P = 0.401).
The serum 25-hydroxyvitamin D3 level in patients with
genotype C (median, 21.0 ng/mL; range, 8 to 53 ng/mL)
was lower than that in patients with other genotypes
(median, 24.0 ng/mL; range, 6 to 48 ng/mL), though not
statistically significant. As for fibrosis markers, there was
no difference in the serum hyaluronic acid levels, the
serum type 4 collagen-7S levels, and the M2BPGi levels
between patients with VD deficiency and patients with VD
insufficiency/sufficiency.

4.5. The Relationship Between Serum 25-Hydroxyvitamin D3
Level and Hepatitis B Virus-DNA Level

When stratified by the serum VD level, there was no
difference in the HBV-DNA level between patients with VD
deficiency and patients with VD insufficiency/sufficiency.
When stratified by the serum HBV-DNA level, the median
serum 25-hydroxyvitamin D3 level was 22.5 ng/mL (range,
6 to 48 ng/mL) in patients with an HBV-DNA level ≥ 2000
IU/mL and 20.0 ng/mL (range, 8 to 53 ng/mL) in patients
with an HBV-DNA level < 2000 IU/mL (not significant, P =
0.198). The incidence of VD deficiency was 43.4% (46 of 106)
in the former and 51.5% (67 of 130) in the latter (not signifi-
cant).

4.6. The Relationship Between Serum 25-Hydroxyvitamin D3
level and HBsAg Level

The HBsAg level was ≥ 1000 IU/mL in 63 of 113 (55.8%)
patients with VD deficiency and in 47 of 123 (38.2%) pa-
tients with VD insufficiency/sufficiency (P = 8.92 × 10-3,
Figure 3A). From the opposite viewpoint, the serum 25-
hydroxyvitamin D3 level in patients with an HBsAg level
≥ 1000 IU/mL (median, 18.0 ng/mL; range, 6 to 40 ng/mL)
was significantly lower than that in patients with an HB-
sAg level < 1000 IU/mL (median, 20.0 ng/mL; range, 8 - 53
ng/mL; P = 8.06× 10-3, Figure 3B). In addition, the incidence
of VD deficiency in patients with an HBsAg level ≥ 1,000
IU/mL (62.0%; 62 of 100) was significantly higher than that
in patients with an HBsAg level < 1,000 IU/mL (44.1% (60 of
136); P = 8.32 × 10-3, Figure 3C).
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Table 1. Clinical Characteristics of 236 Patients with Chronic Hepatitis B

Factors All Patients, (N = 236) HBsAg ≥ 1000 IU/mL, (N = 100) HBsAg < 1000 IU/mL, (N = 136)

Age, ya 57 (15 - 84) 53 (15 - 84) 64 (30 - 80)

Gender, male / female 127 / 109 55 / 45 72 / 64

25-hydroxyvitamin D3 , ng/mLa 21 (6 - 53) 18 (6 - 40) 22 (8 - 53)

Season of blood draw, (Nov - Apr / May - Oct) 125 / 111 56 / 44 69 / 67

HBeAg-positive / HBeAg-negative 33 / 203 17 / 83 16 / 120

HBV-DNA, IU/mLa 684 (n.d - 1.72 × 108) 2163 (0.17 - 1.72 × 108) 136 (n.d - 1.72 × 108)

HBsAg, IU/mLa 750 (0.05 - 1.25 × 105) 4500 (1100 - 1.25 × 105) 89 (0.05 - 935)

HBcrAga 3.0 (< 2.9 - 7.0 <) 3.0 (< 2.9 - 7.0 <) 2.9 (< 2.9 - 6.8)

HBV genotype, (A / B / C / D / F / missing) 23 / 41 / 149 / 1 / 1 / 21 14 / 19 / 71 / 1 / 0 / 1 9 / 22 / 78 / 0 / 1 / 20

Hemoglobin, g/dLa 13.9 (7.2 - 17.1) 13.7 (10.7 - 17.1) 14.0 (7.2 - 16.9)

Platelet count, × 103 /mm3 a 19.3 (5.6 - 43.6) 20.3 (8.6 - 43.6) 18.8 (5.6 - 38.3)

Alanine aminotransferase, IU/La 24 (8 - 322) 24 (10 - 322) 22 (8 - 156)

Albumin, g/dLa 4.2 (1.9 - 5.4) 4.2 (2.5 - 5.4) 4.3 (1.9 - 4.8)

Prothrombin time, %a 99.0 (51.0 - 130.0) 98.5 (51.0 - 130.0) 100.8 (58.8 - 128)

α-fetoprotein, ng/mLa 2.9 (1.1 - 106.2) 2.8 (1.1 - 106.2) 2.6 (1.1 - 70.6)

Hyaluronic acid, ng/mLa 31.8 (9.1-615.4) 27.7 (9.1 - 536.6) 34.3 (10.0 - 615.4)

Type IV collagen-7S, ng/mLa 3.6 (0.7 - 9.0) 3.7 (0.7 - 9.0) 3.6 (0.7 - 8.9)

WFA+-Mac-2 binding protein (C.O.I)a 0.71 (0.22 - 7.91) 0.80 (0.24 - 7.91) 0.64 (0.22 - 6.18)

FIB-4 indexa 1.57 (0.41 - 12.38) 1.37 (0.41 - 9.26) 1.68 (0.71 - 12.38)

Liver stiffness, kPaa 4.4 (2.3 - 35.3) 4.6 (2.3 - 34.0) 4.3 (2.4 - 35.3)

Abbreviations: HBeAg, Hepatitis Envelope Antigen; HBcrAg, Hepatitis B Virus Core Related Antigen; HBsAg, Hepatitis B Surface Antigen; n.d, Not Detected; WFA+ , Wisteria
Floribunda Agglutinin-Positive.
aCategorical variables are given as number. Continuous variables are denoted by a given as median (range).
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Figure 1. Comparison of serum 25-hydroxyvitamin D3 levels between patients with chronic hepatitis B and healthy volunteers. A, The serum 25-hydroxyvitamin D3 level was
significantly lower in patients with chronic hepatitis B than in healthy volunteer (P = 0.013). B, The distribution of sub-groups classified by serum 25-hydroxyvitamin D3 levels
in chronic hepatitis B patients and healthy volunteers. The incidence of vitamin D deficiency in patients with chronic hepatitis B was significantly higher than that in healthy
volunteers (P = 0.031). Serum 25-hydroxyvitamin D3 levels were classified to three sub-groups: ≤ 20 ng/mL for vitamin D deficiency, 21 - 9 ng/mL for vitamin D insufficiency,
and ≥ 30 ng/mL for vitamin D sufficiency.
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Figure 2. Serum 25-hydroxyvitamin D3 levels according to gender and season. A, Gender: the serum 25-hydroxyvitamin D3 level in female patients was significantly lower than
that in male patients (P = 4.09 × 10-5). B, Season; the serum 25- hydroxyvitamin D3 level in the “cold” group (sampling between November and April) was significantly lower
than that in the “warm” group (sampling between May and October) (P = 6.09 × 10-3). Bold lines denote median.
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Figure 3. The Relationship between serum 25-hydroxyvitamin D3 level and HBs antigen level. A, The frequency of serum HBsAg level ≥ 1000 IU/mL in patients with serum
25-hydroxyvitamin D3 level ≤ 20 ng/mL was significantly higher than that in patients with serum 25-hydroxyvitamin D3 level > 20 ng/mL (P = 8.92 × 10-3). B, The median
serum 25-hydroxyvitamin D3 level in patients with serum HBsAg level ≥ 1000 IU/mL was significantly lower than that in patients with serum HBsAg level < 1000 IU/mL (P =
8.06× 10-3). C, The frequency of vitamin D deficiency in patients with serum HBsAg level≥ 1000 IU/mL was significantly greater than that in patients with serum HBsAg level
< 1000 IU/mL (P = 8.32 × 10-3)

4.7. Factors Associated with Vitamin D Deficiency in Chronic
Hepatitis B Patients

Univariate analysis showed a significant association
between VD deficiency and the following factors: female
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gender, cold season, serum HBsAg level≥ 1000 IU/mL, and
high platelet count. Multivariate analysis indicated that fe-
male gender (P = 8.04 × 10-5, odds ratio (OR): 3.119), cold
season (P = 0.018, OR: 1.970), and serum HBsAg level≥ 1000
IU/mL (P = 0.019, OR: 2.005) were significantly independent
factors (Table 2).

4.8. Factors Associated with Serum Hepatitis B Surface Antigen
Leve

Univariate analysis of factors associated with serum
HBsAg level ≥ 1000 IU/mL identified younger age, VD de-
ficiency, high serum HBcrAg level, high platelet count, and
FIB-4 index < 3.25. Multivariate analysis identified VD defi-
ciency (P = 0.011, OR: 2.348) and high serum HBcrAg level (P
= 1.74 × 10-4, OR: 2.145) as independent factors (Table 3).

5. Discussion

This is the first report that investigates factors associ-
ated with serum 25-hydroxyvitamin D3 level in untreated
patients with CHB in Japan. Specifically, this study fo-
cused on the relationship between HBsAg and serum 25-
hydroxyvitamin D3 levels. This study demonstrated the fol-
lowing findings: i, the serum 25-hydroxyvitamin D3 level
was significantly lower and the incidence of VD deficiency
was significantly higher in patients than in healthy volun-
teers; ii, significant factors associated with VD deficiency
included female gender, “cold season”, and a serum HBsAg
level≥ 1,000 IU/mL; and iii, VD deficiency was a significant,
independent factor associated with serum HBsAg level ≥
1,000 IU/mL.

Previous studies reported the association between
serum 25-hydroxyvitamin D3 level and chronic liver dis-
ease. In patients with CHC, the serum 25-hydroxyvitamin
D3 level was lower compared to that of healthy volun-
teers (11) and was associated with liver fibrosis (12). In-
triguingly, the effect of IFN-based therapy for CHC was im-
proved by supplementing VD3 (13). Additionally, the serum
25-hydroxyvitamin D3 level in patients with non-alcoholic
steatohepatitis was lower than healthy volunteers (20) and
was negatively correlated with liver fibrosis (21). However,
a few studies from Germany and China reported its rele-
vance to the serum 25-hydroxyvitamin D3 level in patients
with CHB (14, 15).

As reported in a previous study (22), this study also
showed that the serum 25-hydroxyvitamin D3 level in un-
treated CHB patients was significantly lower than that of
healthy volunteers. The low VD level may be of great ad-
vantage to persistent infection of HBV, because VD is closely

related to the host’s innate/acquired immunity and there-
fore, increases antigen-presenting capacity of dendritic
cells and the cytotoxic activity of natural killer cells against
external antigens (6). In this study, patients with VD defi-
ciency/insufficiency accounted for 82.2%, which was lower
than the incidence reported from Germany (located at a
higher latitude when compared to Tokyo) (14), higher than
that reported in Guangzhou, China (located at a lower lat-
itude when compared to Tokyo) (15), and similar to that
from Chengdu, China (located at a similar latitude when
compared to Tokyo) (22). One possible explanation for this
variation might be that sunshine hours differ among vari-
ous latitudes as sunlight-related ultraviolet rays are impor-
tant for VD synthesis (23).

Although serum 25-hydroxyvitamin D3 level differed
significantly according to HBV genotypes in previous stud-
ies (14, 15), the current study showed that the levels did not
differ among genotypes. According to previous reports,
the serum 25-hydroxyvitamin D3 level in HBeAg-positive
patients was lower than that in HBeAg-negative patients
(14-16, 22). However, this study failed to show a similar
difference in the serum 25-hydroxyvitamin D3 level be-
tween the two patient groups. One possible explanation
for this discrepancy is that the HBeAg-positive patients ac-
counted for ≥ 50% in previous studies yet only 14.4% in
this study, and that 72.7% of HBeAg-positive and 50.2% of
HBeAg-negative patients in this study cohort were male
(generally found to have higher VD levels compared to fe-
males).

Some studies showed that there was a negative correla-
tion between HBV-DNA level and serum 25-hydroxyvitamin
D3 level (14, 22), whereas other researches, including the
current study, indicated that there was no association be-
tween the two factors (15, 16). The variation might be re-
lated to differences in the HBV-DNA level among the study
populations. For instance, subjects in one study (22) in-
cluded a large number of HBeAg-positive patients, with a
median HBV-DNA level of 6.4 log IU/mL. On the other hand,
the population of this study consisted of many HBeAg-
negative patients, with a median HBV-DNA level of 2.9 log
IU/mL. Furthermore, variations in patient age, HBV geno-
type, liver fibrosis, and racial/ethnic background could
lead to different results. Therefore, a large-scale multina-
tional study should be conducted to accurately evaluate
the association between the HBV-DNA level and the serum
25-hydroxyvitamin D3 level.

In this study, there was no association between the
HBcrAg level and the serum 25-hydroxyvitamin D3 level.
In untreated patients with CHB, a positive correlation be-
tween the HBcrAg level and HBV-DNA level was reported
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Table 2. Univariate and Multivariate Logistic Regression Analyses of Factors Associated with Vitamin D Deficiencya in the 236 Patients

Factors Univariate Multivariate

P Value OR 95% CI P Value

Age, y, by 1 up 0.152

Gender, female 1.71 × 10-5 3.119 1.772 - 5.490 8.04 × 10-5

Season (cold)b 0.027 1.970 1.122 - 3.457 0.018

HBeAg-positive 0.164

HBV-DNA, ≥ 2000 IU/mL 0.174

HBsAg, ≥ 1000 IU/mL 4.81 × 10-3 2.005 1.116 - 3.603 0.019

HBcrAg, by 0.1 up 0.274

HBV genotype C 0.517

Hemoglobin, g/dL, by 1 down 0.522

Platelet count, × 103 /mm3 , by 1up 0.035

Alanine aminotransferase, IU/L, by 1up 0.109

Albumin, g/dL, by 1 down 0.917

Prothrombin time, %, by 1 down 0.347

α-fetoprotein, ng/mL, by 1 upa 0.509

Hyaluronic acid, ng/mL, by 1 up 0.395

Type IV collagen-7S, ng/mL, by 0.1 up 0.990

WFA+ -Mac-2 binding protein, C.O.I, by 0.1 up 0.867

FIB-4 index, < 3.25 0.052

Liver stiffness, ≥ 7 kPa 0.256

Abbreviations: HBeAg, Hepatitis Envelope Antigen; HBcrAg, Hepatitis B Virus Core Related Antigen; HBsAg, Hepatitis B Surface Antigen; OR, Odds Ratio; WFA+ , Wisteria
Floribunda Agglutinin-Positive; 95% CI, 95% Confidential Interval.
aVitamin D deficiency was defined as serum 25-hydroxyvitamin D3 levels of ≤ 20 ng/mL.
b“Cold” season was defined as blood draw for measurement of serum 25-hydroxyvitamin D3 level between November and April.

(24). In this study, there was no association between
the HBV-DNA level and the serum 25-hydroxyvitamin D3

level. Therefore, the researchers considered that no as-
sociation between the HBcrAg level and the serum 25-
hydroxyvitamin D3 level was observed.

There has been no study on the association between
the HBsAg level and the serum 25-hydroxyvitamin D3 level.
In this study, an HBsAg level ≥ 1000 IU/mL was more fre-
quently observed in patients with VD deficiency than in
those with VD insufficiency/sufficiency. Conversely, the
serum 25-hydroxyvitamin D3 level was significantly lower
in patients with an HBsAg level≥ 1000 IU/mL than in those
with an HBsAg level < 1000 IU/mL. The incidence of VD de-
ficiency in the former was significantly higher than that
in the latter. Furthermore, multivariate analysis in this
study emphasized the close association between these two
factors. Currently, the final goal of anti-HBV treatment
is to achieve HBsAg loss (3). However, currently-available
NAs/IFN therapy has limited impact on the reduction of
the HBsAg level. A recent study reported the association
between response to Peg-IFN therapy and genetic varia-
tions involved in VD synthesis (25). Vitamin D supplemen-
tation might be effective via immunoregulatory actions (6)
in combination with NAs and/or IFN.

It is unclear whether VD deficiency has an influence in
the state of chronic liver disease, including CHB. At least,
as described above, VD might immunologically influence
persistent infection and proliferation of hepatitis virus.
Therefore, a possibility that the VD deficiency causes high
HBsAg level should be considered. On the other hand,
a possibility that existence of a chronic liver disease has
caused VD deficiency consequently should also be consid-
ered. The authors speculate that sunlight exposure time
might be short in the patients with CHB because patients
with chronic liver disease might go out less frequently
than healthy subjects. Thus, short sunshine exposure due
to decreased activity associated with the progression of
liver disease and decreased function of liver might cause
VD deficiency in patients with chronic liver disease.

It is conceivable that other independent factors associ-
ated with serum 25-hydroxyvitamin D3 level included gen-
der and season of sampling in this multivariate analysis.
Females usually tend to avoid sunlight for cosmetic rea-
sons and cultural habits, resulting in the suppression of VD
synthesis by ultraviolet rays on the skin (26). However, this
study failed to show the association between fibrosis sur-
rogate markers and serum level of 25-hydroxyvitamin D3,
partially because this study cohort may have included only
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Table 3. Univariate and Multivariate Logistic Regression Analyses of Factors Associated with Serum Hepatitis B Surface Antigen Levels of 1000 IU/mL or More in the 236 Patients

Factors Univariate Multivariate

P Value OR 95% CI P Value

Age, y, by 1 down 9.51 × 10-4

Gender, male 0.093

Season (cold)a 0.698

HBeAg-positive 0.854

HBV-DNA, ≥ 2000 IU/mL 0.055

Vitamin D deficiencyb 4.81 × 10-3 2.348 1.217 - 4.530 0.011

HBcrAg, by 0.1 up 3.12 × 10-4 2.145 1.440 - 3.196 1.74 × 10-4

HBV genotype (non-genotype C) 0.058

Hemoglobin, g/dL, by down 0.453

Platelet count, × 103 /mm3 , by 1 up 0.044

Alanine aminotransferase, IU/L, by 1 up 0.127

Albumin, g/dL, by 1 down 0.670

Prothrombin time, %, by 1 down 0.633

α-fetoprotein, ng/mL, by 1 upa 0.623

Hyaluronic acid, ng/mL, by 1 up 0.826

Type IV collagen-7S, ng/mL, by 0.1 up 0.421

WFA+ -Mac-2 binding protein, C.O.I, by 0.1 up 0.310

FIB-4 index, < 3.25 0.019

Liver stiffness, ≥ 7 kPa 0.392

Abbreviations: HBeAg, Hepatitis Envelope Antigen; HBcrAg, Hepatitis B Virus Core Related Antigen; HBsAg, Hepatitis B Surface Antigen; OR, Odds Ratio; WFA+ , Wisteria
Floribunda Agglutinin-Positive; 95% CI, 95% Confidential Interval.
a“Cold” season was defined as blood draw for measurement of serum 25-hydroxyvitamin D3 level between November and April.
bVitamin D deficiency was defined as serum 25-hydroxyvitamin D3 levels of ≤ 20 ng/mL.

a small number of patients with advanced liver fibrosis.
In conclusion, this study suggests that serum 25-

hydroxyvitamin D3 level is closely and negatively corre-
lated with HBsAg level in patients with CHB in Japan.
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