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REVIEW
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and Dose-Response Meta-Analysis of Cohort Studies

Yonggui Zhanga, Xuefeng Jianga, Xiangjun Lib, Mihnea-Alexandru G�amanc,f, Hamed Kord-Varkanehd,
Jamal Rahmanid, Ammar Salehi-Sahlabadid, Andrew S Daye, and Yan Xua

aDepartment of Gastroenterology, China-Japan Union Hospital of Jilin University, Changchun, China; bDepartment of Experimental
Pharmacology and Toxicology, School of Pharmaceutical Science, Jilin University, Changchun, China; c“Carol Davila” University of
Medicine and Pharmacy, Bucharest, Romania; dDepartment of Clinical Nutrition and Dietetics, Student Research Committee, Faculty of
Nutrition and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran; eDepartment of Paediatrics, University
of Otago, Christchurch, New Zealand; fCenter of Hematology and Bone Marrow Transplantation, Fundeni Clinical Institute,
Bucharest, Romania

ABSTRACT
Data regarding the relationship between serum vitamin D levels and the risk of liver cancer
are conflicting. Therefore, we performed a systematic review and dose–response meta-
analysis of all available data of cohort studies on the association of 25-OH-vitamin-D levels
with the risk of hepatocellular carcinoma. We conducted a systematic search in PubMed-
MEDLINE, Scopus, Cochrane and Web of Science databases for prospective observational
studies conducted on the general population from inception to May 2019. Six studies
provided data from 6357 participants. According to the pooled HR, the subjects with the
highest serum concentrations of vitamin D had a 47% lower risk of liver cancer vs. the sub-
jects with the lowest serum concentrations of vitamin D (pooled HR: 0.53, 95% CI: 0.41–0.68;
P< 0.001). There was no significant heterogeneity among the studies (P¼ 0.431, I2¼ 0.0).
The pooled HR from the random-effects dose-response model indicated an indirect
significant linear association between vitamin D and the risk of liver cancer (coef¼�0.017,
P< 0.001). However, there was no significant nonlinear dose-response association between
serum vitamin D and the risk of liver cancer (coef¼�0.0001, P¼ 0.342). The evidence
from this meta-analysis suggests that there may be an inverse relationship between serum
vitamin D levels and the risk of liver cancer.
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Introduction

Hepatocellular carcinoma (HCC) is the most common
primary liver cancer (1) and the third leading cause of
death attributed to cancer worldwide (2). The pre-
dominant risk factor for HCC development is cirrho-
sis which is a result of chronic viral hepatitis, obesity,
steatosis, diabetes mellitus and/or alcohol abuse (3–6).
The cumulative risk for HCC development is 5 to
30% within 5 years in patients with cirrhosis (1). HCC
is often diagnosed in an advanced stage. Curative
HCC treatment is only available in the early stages of
the disease, when there is a preserved liver function,
and involves surgical resection and liver transplant-
ation (7,8). However, there is no curative treatment
option for the intermediate or severe HCC stages (9).

Studies have shown that vitamin D deficiency can
contribute to carcinogenesis and influence the course

of several infectious diseases, including those affecting
the liver (10–13). Furthermore, vitamin D has multiple
functions in the human body and presents anti-prolif-
erative, pro-apoptotic, differentiating, anti-angiogenic
and anti-invasive effects which can be of aid in cancer
prevention (14). The biosynthesis of active vitamin D
occurs in the liver (hydroxylation to 25-OH-vitamin-D).
Vitamin D levels in the body can be measured by
dosing serum 25-OH-vitamin-D (15) which is a crucial
modulator of bone growth and remodeling (16).

Inverse correlations have been reported between
serum vitamin D values and the levels of systemic
inflammation in the body (17). This might be related
to the fact that vitamin D levels inversely correlate
with the expression of Toll-like receptors in mono-
cytes (17). Patients with HCC have an increased inci-
dence of 25-OH-vitamin-D deficiency which
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corresponds to the severity of the liver dysfunction
present in these patients (18). Studies have shown that
tumor cell growth can be inhibited by increasing the
expression of vitamin D receptors (19) or by the dir-
ect use of vitamin D or of its analogues on HCC cell
lines (20). Recent prospective studies have reported a
significant association between reduced levels of
serum vitamin D and an increased risk of liver cancer
(21–24). However, this association is not universally
recognized (25). Aside from genetic and epidemio-
logical studies, there is no available meta-analysis to
clarify this issue. Therefore, we performed a system-
atic review and dose–response meta-analysis of all
available data from cohort studies on the association
of 25-OH-vitamin-D levels with the risk of HCC.

Materials and Methods

Search Strategy

A literature search of prospective cohort studies exam-
ining the relationship between serum vitamin D levels
and risk of liver cancer was performed in PubMed/
MEDLINE, Scopus, Cochrane and Web of Science
databases from inception to May 2019. Search strings
of “vitamin D” AND “liver cancer” without restric-
tions were used to retrieve articles from related data-
bases. Details of the search strategy are provided in
Supplementary Table 1. In addition, an e-mail alert
service was activated to discover new articles. The ref-
erence lists of the selected original papers were also
scrutinized. This systematic review and meta-analysis
was constructed according to the Meta-analysis Of
Observational Studies in Epidemiology guidelines
(MOOSE) (26).

Inclusion Criteria

Studies were eligible for inclusion if they met the
following criteria: 1) authors reported the association
between vitamin D levels and liver cancer; 2) the
papers used a prospective cohort study design; 3)
the studies investigated appropriate estimates such as
the hazard ratio (HR), risk ratio (RR), or odd ratio
(OR) and the corresponding 95% confidence intervals
(CI) were reported; or if the studies presented data
required for deriving these results. Studies were
excluded if they involved subjects from the general
population diagnosed with cancer or if they were edi-
torials, review papers, non-human studies, In Vitro
research, case reports, ecological studies, or letters
without adequate data.

Data Extraction and Quality Assessment

Two independent authors (AS and HKV) screened the
studies based on the inclusion criteria by title and
abstract. The full-texts of the selected studies were
evaluated for inclusion using the mark specific crite-
ria. Disagreements were resolved through conversation
with a third author (AH). Two review authors (AS
and HKV) independently extracted the relevant infor-
mation. Data about the authors, study location, year
of publication, study design, cohort name, age, gender,
number of participants, follow-up duration, confound-
ing factors, summary estimates and 95% CIs of liver
cancer incidence were extracted from the included
articles. Data from fully adjusted models with different
exposure categorizations where presented were used
for the meta-analysis. The quality of all the eligible
studies was evaluated using the Newcastle-Ottawa
Quality Assessment Scale (NOS). The studies were
divided into “low quality” (scores of 0-6) and “high
quality” (scores of 6.5-9) (27).

Statistical Analysis

The DerSimonian and Laird random-effects model was
used to synthesize risk estimates of liver cancer inci-
dence (28). Risk estimates were calculated assuming the
lower category as the reference category. When authors
did not report this data, the median or mean in each
vitamin D category was used as the reference category.
Between-study heterogeneity was assessed using the
Cochran’s Q test and I2 statistic. The significance level
for heterogeneity was set at alpha P< 0.1. Potential
curvilinear association between vitamin D and risk of
liver cancer was estimated using restricted cubic splines
with three knots at percentiles 10%, 50%, and 90% of
the distribution (29). We performed the linearity curve
of the meta-analysis by examination of the null hypoth-
esis that the coefficient of the second spline was equal
to zero. P< 0.05 was considered as statistically
significant. The most common methods used to iden-
tify publication bias in meta-analyses, such as funnel
plots, Egger’s test and Begg’s test, were used. All
statistical analyses were conducted using the STATA
14.0 (Stata 14.0 Statistical Software, College Station,
TX, USA) statistical software.

Results

Literature Search

A flow diagram of the study selection process is
shown in Supplementary Figure 1. The results of the
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systematic search strategy yielded 156 records. 56
duplicates and 136 irrelevant articles were excluded
after title and abstract screening. After full-text exam-
ination, 15 studies were excluded because they did not
meet the inclusion criteria. Five articles with six stud-
ies were eligible for inclusion (21–25).

Study Characteristics and Quality Assessment

The characteristics of the population are provided in
Table 1. Three studies were conducted in Europe
(21,22,24) and three in Asia (23,25). Studies were pub-
lished between 2013 and 2018. The mean age of the
participants was 57.83 years and the mean duration of
the follow-up was 17 years. Two studies involved men
only (22,25), one study involved women only (25) and
three studies included participants from both genders
(21,23,24). The participants included in these studies
did not have a prior diagnosis of liver cancer at base-
line. All the studies were of high quality with NOS
scores ranging from 7 to 9 (Supplementary Table 2).
Four studies had a score of 9 (22–25) and one had a
score of 7 (21). Case and control groups were selected
from the same community. Serum 25-OH-vitamin D
levels were measured in all studies.

Main Results of the Meta-Analysis

Six studies provided data from 6357 participants
(21–25). According to the pooled HR (95% CI), the

subjects with the highest serum concentrations of vita-
min D had a 47% lower risk of liver cancer vs. the sub-
jects with the lowest serum concentrations of vitamin
D (pooled HR: 0.53, 95% CI: 0.41-0.68; P< 0.001)
(Figure 1). There was no significant heterogeneity
among the included studies (P¼ 0.431, I2¼0.0).

Dose-Response Analysis

The dose-response relationship between serum vitamin
D levels and the risk of liver cancer was explored. The
pooled HR from the random-effects dose-response
model indicated a significant indirect linear association
between serum vitamin D levels and the risk of liver
cancer (coef¼�0.017, P< 0.001) (Figure 2). However,
there was no significant non-linear dose-response asso-
ciation between vitamin D levels and the risk of liver
cancer (coef �0.0001, P¼ 0.342) (Figure 3).

Publication Bias and Sensitivity Analyses

The funnel plots of liver cancer incidence are shown
in Figure 4. There was no significant publication bias
among the studies. The Begg’s test was not significant
for the risk of liver cancer (P¼ 0.523). The Egger’s
regression test was also not significant for the risk of
liver cancer (P¼ 0.573). According to the sensitivity
analysis, the exclusion of a single study did not
lead to a change in the overall result (Supplementary
Figure 2).

NOTE: Weights are from random effects analysis
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Figure 1. The forest plot of the highest category of vitamin D vs. the lower category of vitamin D and risk of liver cancer.
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Discussion

The overarching aim of this systematic review and
dose-response meta-analysis of cohort studies was to
investigate the association between serum vitamin D
levels and the risk of liver cancer. This meta-analysis
found a significant, direct association between low
serum vitamin D levels and the risk of liver cancer.

According to the American Cancer Society, an esti-
mate of 42,030 patients will be diagnosed with liver
cancer, and 31,780 will succumb to the disease in the
United States in 2019 (30). Hepatocellular carcinoma
will account for 75% of these reported cases (30). The
incidence and mortality of liver cancer has increased
worldwide, with a 3% increase per year in incidence
during the 2005-2016 period and a 2.4% increase per
year in mortality during the 2007-2016 period (30).
Since the 1980s, the incidence rate has tripled and the
mortality rate has doubled (30). In both sexes, liver
cancer has had the most rapid increase in incidence
of all diagnosed cancers (30).

Hepatocellular carcinoma is the most common
form of liver cancer encountered in clinical practice

and risk factors for this neoplasm include: age,
chronic viral infections (hepatitis B or hepatitis C,
HCV-HIV co-infection), male gender, genetic factors,
exposure to aflatoxin B1, nonalcoholic fatty liver dis-
ease and nonalcoholic steatohepatitis, alcohol con-
sumption, smoking, obesity, type 2 diabetes mellitus,
metabolic syndrome, a previous diagnosis of renal cell
carcinoma or Non-Hodgkin’s lymphoma in the liver,
and hereditary hemochromatosis (30–36). Prevention
is of utmost importance, with preventive strategies
including vaccination against HBV infection, reducing
alcohol intake and body mass index, smoking cessa-
tion, adoption of healthy dietary habits (30–34). The
signs and symptoms of liver cancer are generally non-
specific (abdominal pain, jaundice, loss of appetite,
weight loss or liver enlargement) and may only be
present in the advanced stages of the disease, making
this neoplasm a silent killer. Treatment options
include surgery in early stages of the disease, liver
transplantation, embolization, tumor ablation, and, for
advanced stages of the disease, chemotherapy and/or
immunotherapy (30,33).

Table 1. Baseline characteristics of included studies in the meta-analysis.

Studies Author Year Country
Follow-

up duration

Gender
(1-women, 2-
men, 3-both) Patients, n Cohort name

Age at
baseline

1 Buonomo et al. (21) 2018 Italy 9 months 3 345 – 68
2 Lai et al. (22) 2018 Finland 25 years 2 629 ATBC 57
3 Budhathoki et al. (23) 2015 Japan 15.9 years 3 4044 Japan Public Health

Center-based
53

4 Fedirko et al. (24) 2015 European
countries

18 years 3 276 EPIC 59

5 Wang et al.(a) (25) 2013 China 22 years 1 490 Linxian Nutrition
Intervention Trials

55

6 Wang et al.(b) (25) 2013 China 22 years 2 573 Linxian Nutrition
Intervention Trials

55
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Figure 2. Linear dose-response relationship between serum vitamin D and risk of liver cancer.
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The 5-year survival rate for localized stage disease
is 31% and the relative 5-year survival rate is 18%
(30). Thus, identifying and addressing risk factors is
an important step in the prevention of liver cancer
development. The results of the current meta-analysis
show a direct association between low levels of serum
vitamin D and the risk of liver cancer. Recent empiric
studies have shown that vitamin D does not only play
a key role in calcium and bone metabolism, but also
possesses anti-inflammatory, immuno-modulatory,
cardioprotective, antidiabetic, antimicrobial, antiapop-
totic, antiproliferative, antimetastatic, antiangiogenic
and antineoplastic properties (37–40).

Vitamin D deficiency or insufficiency has been
widely associated with chronic liver disorders, such
as viral hepatitis, alcoholic liver disease, liver can-
cer, nonalcoholic fatty liver disease, nonalcoholic
steatohepatitis, liver fibrosis, cirrhosis and also
autoimmune diseases of the liver (37,38,41). In both
hepatocellular and cholangiocarcinoma, the high
expression of the cytochrome P450 family 24
subfamily A member 1 gene (CYP24A1) resulted
in a decrease in vitamin D levels and potentiated
the proliferation of neoplastic cells, an effect
which may be reversed when liver cancer cell lines
are exposed to vitamin D (37,40,42,43).

0.2

0.4

0.6

0.8

1.0

1.2

ksi
R

10 20 30 40 50 60 70
vitamin D

Figure 3. Non-liner dose-response relationship between serum vitamin D and risk of liver cancer.
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-1.5 -1 -.5 0 .5
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Figure 4. Funnel plot (with pseudo 95% CIs) of the log hazard ratio (HR) vs. the s.e. of the log hazard ratio (HR) for studies that
investigated the liver cancer HR of participates in highest serum vitamin D compered to lowest.
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In a recent study regarding the levels of circulating
vitamin D and risk of total and site-specific neoplasms,
Budhathoki et al. (39) reported an inverse association
between vitamin D levels and the risk of cancer.
Regarding site-specific malignancies, their report shows
a strong association exists between vitamin D levels
and the risk of liver cancer in Japanese patients.
Results from The European Prospective Investigation
into Cancer and Nutrition (EPIC) study have also con-
firmed this hypothesis: for a 10-nmol/L decrease in
vitamin D levels, a 20% elevation in the risk of hepato-
cellular carcinoma was registered (40,44).

Vitamin D levels are also known to negatively cor-
relate with the stages of hepatocellular carcinoma,
with vitamin D deficiency also associated with mortal-
ity in patients with cirrhosis, with and without hepa-
tocellular carcinoma (21,45). Gomes et al. (46) also
reported a higher percentage of liver disorders
(P¼ 0.001) and cancer (P¼ 0.017) among patients
with vitamin D levels <12 ng/mL admitted to the
intensive care unit, where, of the 71 patients involved,
only 8.4% (n¼ 6) did not have vitamin D deficiency
(vitamin D levels equal or >30 ng/mL) and 91.6%
(n¼ 65) of the patients were diagnosed with vitamin
D deficiency, with mean serum concentrations of vita-
min D reported at 17.7 ± 8.27 (range 3.5–37.5) ng/mL.

Moreover, the vitamin D receptor is also involved
in the normal physiology of the liver and, when
affected, facilitates carcinogenesis. Its interaction with
the retinoid X receptor, which is enhanced by seques-
tosome 1 (SQSTM1; also called nucleoporin p62 or
simply p62), is involved in the prevention of liver can-
cer development. Its antineoplastic activity derives
from its power to inhibit the activity of hepatic stellate
cells and prevent liver fibrosis (47).

Hepatic stellate cells, in which the activity of p62 is
reduced, are key players in the development of hepa-
tocellular carcinoma (47). Loss of p62 in these cells, as
demonstrated by Duran et al. (47), is responsible for a
decreased interaction between the vitamin D receptor,
highly expressed in hepatic stellate cells, and the retin-
oid X receptor which favors inflammation and fibrosis
in the liver. Low-grade chronic inflammation has also
been held accountable as a contributing factor to can-
cer development and hepatocellular carcinoma is no
exception (40,47–49). Moreover, the crosstalk between
the vitamin D receptor and the risk factors for devel-
oping hepatocellular carcinoma must to be taken into
consideration as well. Barooah et al. (50) reported
that, in patients with hepatitis C virus infection and
hepatocellular carcinoma, there is an association
between the development and severity of liver cancer

and the presence of the bAt haplotype of the vitamin
D receptor gene, as well as the vitamin D receptor
ApaI CC genotype. However, they did not find an
association between hepatocellular carcinoma and
CYP2R1 or carrier globulin/binding protein gene
polymorphisms (50).

The hepatitis B virus also interacts with the vitamin
D receptor, as shown by Gotlieb et al. (51) in a study
conducted on HepG2 (hepatoma) and HepG.2.215
(HBV-infected hepatoma cells) cell lines (51). In hepa-
toma cells that were also HBV-infected, the expression
of the vitamin D receptor was reportedly downregu-
lated, and thus, the antiviral and immune functions of
vitamin D (via stimulation of the expression of tumor
necrosis factor a and antimicrobial host defense pepti-
des) on HBV transcription and production was pre-
vented. The findings of Gotleib et al. (51) might help
elucidate the mechanisms exploited by the HBV virus
to escape the immune system.

In spite of the promising results collected from pre-
clinical studies regarding the myriad of effects of vita-
min D, there remains equivocality regarding vitamin D
supplementation in cancer patients. The Clinical
Practice Guidelines of The Endocrine Society on the
Evaluation, Treatment and Prevention of Vitamin D
Deficiency (52), published in 2011, recommend the use
of vitamin D supplementation only in patients with
malabsorption or diagnosed with liver failure. With
regard to screening, patients with liver disorders (either
chronic or in severe stages) should be screened for
deficiency in vitamin D levels and, if these levels are
abnormal, vitamin D levels should be corrected until a
healthy bone metabolism is guaranteed (49,52,53).

In preclinical models, Chen et al. (54) have evi-
denced that vitamin D deprivation is linked to a dys-
functional TGF-b pathway which in turn is associated
with liver fibrogenesis and carcinogenesis. In human
liver tissue affected by fibrosis/cirrhosis, low levels of
vitamin D were associated with aberrant Smad3 sig-
naling and activation of b-catenin. Vitamin D supple-
mentation had opposite effects: it decreased b-catenin
levels and restored the expression of TGF-b (54).

Limitations

Although the evidence from our meta-analysis suggests
that there may be an inverse relationship between
serum levels of vitamin D and the risk of liver cancer,
further studies are needed to clarify this relationship.
At this moment, it is premature to hypothesize that
vitamin D supplementation might protect against the
development of hepatic malignancies.
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Conclusion

The evidence from this meta-analysis suggests that
there may be an inverse relationship between vitamin
D deficiency and risk of liver cancer. Prospectively,
vitamin D may conceivably be useful as a therapeutic
agent directed against liver cancer and other malig-
nancies, however, further research of high-quality is
evidently necessitated.
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