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Background and Objectives: The association between circulating vitamin D and liver cancer risk has been con-

troversial on the basis of epidemiological studies. The aim of this study was to quantitatively evaluate this associ-

ation with prospective studies. Methods and Study Design: A systematic literature search was implemented in 

PubMed and Scopus databases up to June 2019. Using a random-effects model, the multivariate-adjusted relative 

risks (RRs) with corresponding 95% confidence interval (CI) were pooled for the highest versus lowest category. 

Trend estimation was conducted with a two-stage dose-response meta-analysis. Results: Six independent pro-

spective studies (992 liver cancer events and 60,811 participants) were included for data synthesis. The summary 

estimate showed that a higher circulating vitamin D was associated with lower risk of liver cancer (Summary 

RR=0.78; 95% CI: 0.63, 0.95; I2=53.6%, p=0.035). Dose-response analysis indicated that liver cancer was asso-

ciated with 8% (95% CI: 0.89, 0.95) lower risk with a 10 nmol/L increment of circulating vitamin D concentra-

tion. Conclusions: The present study provides substantial evidence that a higher concentration of circulating vit-

amin D would have conferred protection against liver cancer. 
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INTRODUCTION 

As one of the most common malignancies, liver cancer is 

the sixth common cancer and ranks the second leading 

cause of cancer-related death worldwide.1 Chronic virus 

infections such as hepatitis B virus (HBV) and hepatitis C 

virus (HCV), have been confirmed as the major risk fac-

tors of liver cancer events. Other than virus infections, 

smoking, drinking and exposure to aflatoxin B1 have 

shown to be associated with the risk of liver cancer.2 Alt-

hough approximate 85% events of liver cancer is oc-

curred in developing countries, the incidence of liver can-

cer has risen in Western countries in parallel with obesity 

and non-alcoholic fatty liver disease, due to changes in 

lifestyles and environments.3 As a highly malignant tu-

mor, liver cancer, which is usually diagnosed as late stag-

es, generally has an average of five-year survival rate 

<15% because of limited treatment options.4 Thus, it is 

necessary and urgent to identify the favourable factors for 

protection against liver cancer in regions where chronic 

virus infections and exposure to aflatoxins are less preva-

lent. 

Accumulating evidence has suggested that dietary fac-

tors play critical roles for cancer prevention, and several 

protective factors have been identified to be associated 

with lower risk of liver cancer, such as vegetable, green 

tea and coffee, etc.5-7 As a secosteroid hormone, the bio-

logically active metabolite of vitamin D is attributed to 

1,25-dihydroxyvitamin D [1,25(OH)2D], which is synthe-

sized from the circulating 25-hydroxyvitamin D  

 

 

[25(OH)D] by 1a-hydroxylase (CYP27B1). It has been 

reported that 1,25(OH)2D exerts various kinds of biologi-

cal actions after binding to vitamin D receptor. In addi-

tion to the functions of vitamin D on skeletal tissue and 

calcium homeostasis, growing evidence has shown that 

the benefits might be involved in immune modulation, 

cell differentiation and inflammation regulation as well.8,9 

Considering that liver is the main synthesis site of vitamin 

D-binding protein and 25(OH)D, we hypothesized that 

vitamin D might be directly responsible for liver-related 

diseases, including liver cancer. Cell line and animal 

models have indicated that vitamin D contributes to anti-

proliferative, pro-differentiating and anti-inflammation 

effects on malignant cells, suggesting a chemopreventive 

role in carcinoma.10,11 Regarding epidemiological studies, 

there has been growing interest in the relationship be-

tween circulating vitamin D and liver cancer risk. How-

ever, the findings have been still inconsistent and contro-

versial.8,12-16 Therefore, we conducted a systematic review 

and meta-analysis to quantitatively assess the association  
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of circulating vitamin D with liver cancer risk. Further-

more, a dose-response analysis was performed trend es-

timation. 

 

METHODS 

Study selection 

The criteria for Meta-analysis of Observational Studies in 

Epidemiology (MOOSE) were followed to conduct the 

present study. A systematic literature search was imple-

mented with the databases of PubMed and Scopus up to 

June 2019. Vitamin D, VD, 25-hydroxyvitamin D, 

25(OH)D, 1,25-dihydroxyvitamin D or 1,25(OH)2D were 

paired with liver cancer, hepatocellular carcinoma or can-

cer as search terms. Additionally, references of recent 

reviews and meta-analyses were also scrutinized to identi-

fy the potential publications. 

 

Inclusive criteria 

To be included in the meta-analysis, the studies had to 

meet the criteria as follows: 1) prospective studies which 

included nested case-control, case-cohort and prospective 

cohort studies; 2) serum/plasma and whole blood circulat-

ing 25(OH)D concentration as exposure; 3) liver cancer 

as outcome of interest; 4) the eligible studies which pro-

vided the relative risk (RR) with corresponding 95% con-

fidence interval (CI). 

 

Data extraction 

The data of included studies were independently extracted 

by two investigators (TZ and J-MH), and any discrepancy 

was resolved with the third investigator (Duo Li) to reach 

agreement. The following information of the eligible 

studies was extracted, including the surname of the first 

author, published year, region/nation, gender, duration of 

follow-up, mean age at baseline, liver cancer events, par-

ticipants, adjusted covariates, and RR with corresponding 

95% CI. The Newcastle-Ottawa Scale criteria with a 9-

star system was adopted to perform quality assessment. 

The scoring system summarized 9 aspects of each eligible 

study. The full score was defined as 9 stars, and a study 

was classified as low, moderate and high-quality with 

stars of 0-3, 4-6 and 7-9, respectively.17 

 

Statistical analysis 

RR was regarded as the common risk estimate for the 

relationship between circulating vitamin D concentration 

and liver cancer risk. Multivariate-adjusted RRs with the 

corresponding 95% CIs for the highest versus lowest cat-

egory were logarithm transformed, and the summary RR 

was calculated by using a random-effects model, as 

weighted by the inverse of their variance.18 The I2 statistic 

was used to evaluate the heterogeneity between studies, 

with values of 25%, 50% and 75% as cut-off points in-

dicting low, moderate and high degree of heterogeneity.19 

The I2 value >50% was regarded as indicative of hetero-

geneity according to the Cochrane Handbook.20 To ex-

plore the sources of heterogeneity, stratified analysis was 

conducted based on region, gender and biospecimen de-

termination. The eligible studies, which provided 3 or 

more categories, were available for trend estimation. The 

median concentration of circulating 25(OH)D assigned in 

respective quantiles was extracted. The midpoint of the 

lower and upper categories was regarded as the 25(OH)D 

concentration of the quantile if the median concentration 

was not provided. The concentration of 25(OH)D was 

defined as 1.2-fold of the highest boundary if the highest 

quantile was open-ended.21 Meanwhile, the 25(OH)D 

concentration of the lowest quantile (the reference) was 

set as zero in each study.21 Trend estimation was imple-

mented with a two-stage random dose-response meta-

analysis. By using a restricted cubic spline model, curvi-

linear trend was done by modelling the concentration of 

25(OH)D with 3 knots at percentiles (25%, 50% and 75%) 

of the distribution.22 A p value for curvilinear association 

was calculated by testing the null hypothesis that the co-

efficient of the second spline was equal to zero.23 In the 

presence of linear trend (p for nonlinearity >0.05), a line-

ar dose-response meta-analysis was conducted for trend 

estimation by using the generalized least squares trend 

estimation as described by Greenland and Longnecker 

and Orsini et al.24,25 If the studies did not provide the 

number of cases, number of participants or person years, 

dose-response estimation was performed with variance 

weighted least squares regression model. To examine 

whether any study exerted substantial influence on the 

pooled RR, sensitivity analysis was performed with dele-

tion one study at a time, and the summary estimate was 

re-calculated. By using Egger’s rank correlation test, pub-

lication bias was implemented with significant level at 

p<0.1.26 STATA 11.0 for windows (Stata Corp, College 

station, TX) was adopted for statistical analysis. Two-

trailed p<0.05 was considered as statistically significant 

difference. 

 

RESULTS 

Literature search 

The process of literature search is presented in Figure 1. 

There were 15,026 unique citations identified from Pub-

Med, Scopus, and manual search with deletion of dupli-

cates. After screening titles and abstracts, 14,988 studies 

were excluded, leaving 38 studies for full-text examina-

tion. Of these, 32 studies were not eligible for the present 

study because they did not meet the inclusive criteria (e.g., 

without provided detailed data and study design). Finally, 

6 independent prospective studies were eligible for data 

synthesis.8,12-16 

 

Study characteristics 

The basic information of the eligible studies is listed in 

Table 1. Two prospective studies were conducted in 

Asia,8,14 and remaining studies were performed in West-

ern countries.12,13,15,16 The majority of studies used chemi-

luminescence immunoassay to determine the concentra-

tion of 25(OH)D.8,12,15,16 Besides, one study used enzyme 

immunoassay kit to measure the concentration of 

25(OH)D,14 and another study adopted liquid chromatog-

raphy/tandem mass spectrometry (LC-MS/MS) method.13 

There were a total of 60,811 participants, of which 992 

liver cancer events were diagnosed with 6-28 years of 

follow-up. On the basis of Newcastle-Ottawa scale crite-

ria, three prospective studies were classified as high-

quality,8,13,14 and the remaining studies were classified as 

moderate-quality (Supplementary table 1).12,15,16 
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Circulating vitamin D and liver cancer risk 

As shown in Figure 2, the association of circulating vita-

min D with liver cancer risk was pooled with six inde-

pendent prospective studies, and a higher circulating vit-

amin D was associated with lower risk of liver cancer 

(Summary RR=0.78; 95% CI: 0.63, 0.95), with signifi-

cant between-study heterogeneity (I2=53.6%, p=0.035). 

Five independent studies provided available data to per-

form trend estimation between circulating vitamin D and 

liver cancer risk.8,13-16 Non-significant curvilinear associa-

tion was found between vitamin D concentration and liver 

cancer risk; however, a significant linear association was 

observed (p for trend <0.001) (Figure 3). Dose-response 

analysis indicated that a 10 nmol/L increment of circulat-

ing vitamin D concentration was associated with 8% low-

er risk of liver cancer (95% CI: 0.89, 0.95). 

 

Subgroup analysis 

The studies stratified by region indicated that a higher 

circulating vitamin D was inversely associated with a 

lower risk of liver cancer in Asia, but not in Western 

countries. Besides, the concentration of vitamin D, which 

was measured in serum, was associated with lower risk of 

liver cancer, but not in plasma. However, there was non-

significant difference between groups with meta-

regression analysis. Considering that limited studies were 

included for subgroup analysis, the findings should be 

explained with caution (Supplementary table 2). 

 

Publication bias and sensitivity analysis 

In a sensitivity analysis, each study was sequentially de-

leted at a time, and the remaining data were re-calculated. 

The results showed that the summary estimate was not 

substantially driven with exclusion of any one study 

(Supplementary figure 1). In publication bias analysis, 

non-significant publication bias was observed with Eg-

ger’s rank correlation test (p=0.175). 

 

DISCUSSION 

To the best of our knowledge, the present meta-analysis 

was the first to evaluate the association of circulating vit-

amin D concentration with liver cancer risk. Convincing 

evidence indicated that a higher circulating vitamin D 

was associated with 22% (95% CI: 0.63, 0.95) reduction 

of liver cancer risk. A significant linear association was 

observed (p for trend <0.001), and dose-response analysis 

showed that liver cancer was 8% lower risk (95%CI: 0.89, 

0.95), with a 10 nmol/L increment of circulating vitamin 

D concentration. 

As the essential components of vitamin D signalling, 

25(OH)D and vitamin D-binding protein are mainly syn-

thesized in the liver. Therefore, we hypothesized that vit-

amin D insufficiency might be responsible for liver-

related diseases. Although substantial cell lines and ani-

mal models showed that vitamin D exerted beneficial 

effects in the liver, including anti-proliferative, anti-

inflammatory and pro-apoptotic properties, the associa-

tions of circulating vitamin D with liver cancer risk have 

been inconsistent in epidemiological studies.8,12-16 The 

Linxian Nutrition Intervention Trials, which was the first 

cohort study, explored the association of vitamin D with 

liver cancer risk with 22 years of follow-up. Due to the 

high prevalence of chronic hepatitis infection and lower 

concentration of vitamin D in the study participants (me- 

 

 
 

Figure 1. The flow diagram for detailed steps of literature search.  
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Table 1. Characteristics of included studies for circulating vitamin D associated with liver cancer risk 
 

First author 
Publication 
year and 
region 

Age 
(gender) 

Subjects 
(cases) 

Follow-up 
period, year  

Exposure assessment 
Diagnosis 
method 

Exposure Covariates adjusted 

Afzal 2013, 
Denmark. 

(M) 
58 

9,791 
(55) 

28 Chemiluminescence 
immunoassay 

Registry Plasma 
25(OH)D 

Age, sex, pack-years, BMI, alcohol intake, leisure time and 
work-related physical activity, duration of education, and 
month of blood sample 
 

Budhathoki 2018, 
Japan 

56.2±7.5 
(Both) 

3,301 
(165) 

19 Chemiluminescent 
immunoassay 

Registry Plasma 
25(OH)D 

Age, sex, BMI, smoking, alcohol intake, physical activity, 
family history of cancer, and reported history of diabetes 
 

Fedirko 2014, 
European 

59.9±7.3 
(Both) 

138 
(138) 

6 LC-MS/MS Registry Serum 
25(OH)D 
 

Smoking status, BMI, alcohol intake, and coffee intake 

Lai 2018, 
Finnish 

57 
(M) 

427 
(202) 

25 Chemiluminescence 
immunoassay 

Registry Serum 
25(OH)D 
 

Age, date of blood draw, BMI, history of diabetes, number 
of years smoked, and daily intake of alcohol and coffee 
 

Wang 2013, 

China 

55 

(Both) 

1,063 

(226) 

22 Enzyme 

immunoassay kit 

Pathology Serum 

25(OH)D 

Age, sex, smoking, drinking, BMI, season of blood draw, 

HBsAg, HBcAg, and HCsAg 
 

Weinstein 2018, 
European 

58 
(Both) 

4,616 
(206) 

28 Chemiluminescence 
immunoassay 

Registry Serum 
25(OH)D 

Age, BMI, number of cigarettes smoked per day, years of 
smoking, physical activity, serum cholesterol, history of 
diabetes, family history of cancer, systolic blood pressure, 
trial intervention group, calendar year of diagnosis, and 
prior cancer diagnoses 

 

BMI: body mass index; LC-MS/MS: liquid chromatography/tandem mass spectrometry; 25(OH)D: 25-hydroxyvitamin D. 
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dian of 20.1 nmol/L), non-significant association was 

observed.14 Additional cohort study, which was conducted 

in the Copenhagen City Heart Study, have shown null 

association between vitamin D and liver cancer risk, and 

the reason might be attributed to a small number of liver 

cancer events (n=55).12 On the contrary, a nested case-

control study from the European Prospective Investiga-

tion into Cancer and Nutrition cohort (EPIC) showed an 

inverse association between circulating vitamin D and 

liver cancer risk with an average of 6 years follow-up.13 

Recently, two prospective studies also found that a higher 

circulating vitamin D concentration was associated with 

lower risk of liver cancer.8,16 Although the inclusive pro-

spective studies have shown controversy and inconsistent 

associations, the summary estimate provided substantial 

evidence that a higher circulating vitamin D has benefi-

cial effects in the prevention of liver cancer. 

The underlying mechanisms why higher circulating vit-

amin D has conferred protection against liver cancer have 

summarized as follows. First, vitamin D through its active 

form 1,25(OH)2D regulates a variety of signalling path-

ways, and has demonstrated direct effects on cell prolifer-

ation, differentiation and cell death. Besides, vitamin D 

has been shown to have anti-inflammation, improve oxi-

dative stress, regulate immune responses, and that might 

contribute to inhibiting the initiation and development of 

tumor cell.11,27,28 Second, vitamin D-binding protein and 

25(OH)D are mainly synthesized in the liver, thus vitamin 

D might have a direct effect on liver-related diseases, 

including liver cancer. Third, vitamin D has reported to 

 
 

Figure 2. The association of circulating vitamin D with risk of liver cancer risk comparing the highest with lowest category. The size of the gray 

box representing each risk estimate was proportional to the weight. The diamonds represent summary relative risk. 

 
 

 
 

Figure 3. Trend estimation between circulating vitamin D and liver cancer risk. Adjusted RRs from all categories in each study were separately 

represented by the small black diamonds, and corresponding curvilinear association was represented by the navy short -dash line using restricted 

cubic splines model with three knots at fixed percentiles 25%, 50%, and 75% of the distribution. 
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prevent chromosomal aberrations and DNA stand breaks, 

and that might protect against liver cancer.29 Fourth, 

chronic liver disease and insulin resistance have been 

reported to be associated with risk of liver cancer.30 Ac-

cumulating correlation analyses indicated that a lower 

circulating concentration of vitamin D was associated 

with increased risk of chronic liver disease,31 and sup-

plemental vitamin D significantly improved fasting glu-

cose and insulin resistance in patients with diabetes and 

non-alcoholic fatty liver disease.32-34 Thus, higher circu-

lating vitamin D is beneficial for liver cancer prevention. 

The strengths of the present study should be put for-

ward. First, this is the first meta-analysis to explore the 

association of circulating vitamin D with risk of liver 

cancer. The relatively large sample-size with strong sta-

tistical power provided convincing evidence that a higher 

circulating vitamin D was inversely associated with risk 

of liver cancer. Second, the concentration of vitamin D 

was precisely measured with chemical method, thereby 

reducing the recall bias and recording errors by using 

food-frequency questionnaires. Third, the studies includ-

ed in the present study were prospective studies with long 

period of follow-up and enough liver cancer events, thus 

this study has sufficiently powered to capture the inverse 

association between vitamin D and liver cancer risk. Ad-

ditionally, the summary estimate was not substantially 

driven after deleting any one study at a time with sensitiv-

ity analysis, indicating stability of the pooled effect. Be-

sides, there was non-significant publication bias with Eg-

ger's test, suggesting that unpublished studies or missing 

data did not exert the summary estimate. Simultaneously, 

the limitations of the study should be considered. First, 

although the multivariate-adjusted RRs were extracted for 

data synthesis, the report bias and residual confounding 

factors are inevitable to influence the summary estimate. 

Second, the inclusive studies used different methods to 

assess the concentration of vitamin D, including liquid 

chromatography/tandem mass spectrometry, chemilumi-

nescent immunoassay and enzyme immunoassay kit. 

Measurement bias is unavoidable for the pooled effect, 

although the methodology of summary estimate is calcu-

lated with the highest versus the lowest category. 

 

Conclusion 

The present study provides strong evidence that a higher 

circulating vitamin D is inversely associated with the risk 

of liver cancer, and this association demonstrates a linear 

trend. Since the majority of the prospective studies are 

conducted in the Western countries, further prospective 

studies should be conducted in other regions and ethnic 

origin to confirm this association. 
 

AUTHOR DISCLOSURES 

The authors declare no conflict of interest. This work is sup-

ported by the National Basic Research Program of China (973 

Program: 2015CB553604); by National Natural Science Foun-

dation of China (NSFC: 81773433); by the Key Scientific Re-

search Projects in Shandong Provence China (2017YYSP007); 

and by the 2018 Chinese Nutrition Society (CNS) Nutrition 

Research Foundation-DSM Research Fund (CNS-

DSM2018A30). The funders have no role in study design, data 

collection and analysis, decision to publish, or preparation of the 

manuscript. 

REFERENCES 

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, 

Rebelo M et al. Cancer incidence and mortality worldwide: 

Sources, methods and major patterns in GLOBOCAN 2012. 

Int J Cancer. 2015;136:E359-86. doi: 10.1002/ijc.29210. 

2. Akinyemiju T, Abera S, Ahmed M, Alam N, Alemayohu 

MA, Allen C et al. The burden of primary liver cancer and 

underlying etiologies from 1990 to 2015 at the global, 

regional, and national level: results from the Global Burden 

of Disease Study 2015. JAMA Oncol. 2017;3:1683-91. doi: 

10.1001/jamaoncol. 

3. Rawla P, Sunkara T, Muralidharan P, Raj JP. Update in 

global trends and aetiology of hepatocellular carcinoma. 

Wspolczesna Onkol. 2018;22:141-50. doi: 10.5114/wo. 

2018.78941. 

4. El-Serag HB. Hepatocellular carcinoma. N Engl J Med. 

2011;365:1118-27. doi: 10.1056/NEJMra1001683. 

5. Yang Y, Zhang D, Feng N, Chen G, Liu J, Chen G et al. 

Increased intake of vegetables, but not fruit, reduces risk for 

hepatocellular carcinoma: a meta-analysis. Gastroenterology. 

2014;147:1031-42. doi: 10.1053/j.gastro.2014.08.005. 

6. Bravi F, Bosetti C, Tavani A, Bagnardi V, Gallus S, Negri E 

et al. Coffee drinking and hepatocellular carcinoma risk: a 

meta-analysis. Hepatology (Baltimore, Md). 2007;46:430-5. 

doi: 10.1002/hep.21708. 

7. Huang YQ, Lu X, Min H, Wu QQ, Shi XT, Bian KQ et al. 

Green tea and liver cancer risk: A meta-analysis of 

prospective cohort studies in Asian populations. Nutrition. 

2016;32:3-8. doi: 10.1016/j.nut.2015.05.021. 

8. Budhathoki S, Hidaka A, Yamaji T, Sawada N, 

Tanakamizuno S, Kuchiba A et al. Plasma 25-

hydroxyvitamin D concentration and subsequent risk of total 

and site specific cancers in Japanese population: large case-

cohort study within Japan Public Health Center-based 

Prospective Study cohort. BMJ. 2018;360:k671. 

9. Eliades M, Spyrou E. Vitamin D: a new player in non-

alcoholic fatty liver disease? World J Gastroenterol. 2015; 

21:1718-27. doi: 10.1136/bmj.k671. 

10. Krishnan AV, Feldman D. Molecular pathways mediating 

the anti-inflammatory effects of calcitriol: implications for 

prostate cancer chemoprevention and treatment. Endocrine 

Related Cancer. 2010;17:R19-38. doi: 10.1677/ERC-09-139. 

11. Deeb KK, Trump DL, Johnson CS. Vitamin D signalling 

pathways in cancer: potential for anticancer therapeutics. 

Nat Rev Cancer. 2007;7:684-700. doi: 10.1038/nrc2196. 

12. Afzal S, Bojesen SE, Nordestgaard BG. Low plasma 25-

hydroxyvitamin D and risk of tobacco-related cancer. Clin 

Chem. 2013;59:771-80. doi: 10.1373/clinchem.2012.201939 

13. Fedirko V, Duartesalles T, Bamia C, Trichopoulou A, 

Aleksandrova K, Trichopoulos D et al. Prediagnostic 

circulating vitamin D levels and risk of hepatocellular 

carcinoma in European populations: a nested case-control 

study. Hepatology (Baltimore, Md). 2015;60:1222-30. doi: 

10.1002/hep.27079. 

14. Wang JB, Abnet CC, Chen W, Dawsey SM, Fan JH, Yin LY 

et al. Association between serum 25(OH) vitamin D, 

incident liver cancer and chronic liver disease mortality in 

the Linxian Nutrition Intervention Trials: a nested case-

control study. Brit J Cancer. 2013;109:1997-2004. doi: 

10.1038/bjc.2013.546. 

15. Weinstein SJ, Mondul AM, Kai Y, Layne TM, Abnet CC, 

Freedman ND et al. Circulating 25-hydroxyvitamin D up to 

3 decades prior to diagnosis in relation to overall and organ-

specific cancer survival. Eur J Epidemiol. 2018;33:1-13. doi: 

10.1007/s10654-018-0428-2. 

16. Lai GY, Wang JB, Weinstein SJ, Parisi D, Horst RL, 

McGlynn KA et al. Association of 25-hydroxyvitamin D 



                                                                         Vitamin D and liver cancer risk                                                                181                                                             

with liver cancer incidence and chronic liver disease 

mortality in Finnish male smokers of the ATBC Study. 

Cancer Epidemiol, Biomarkers Prev. 2018;27:1075-82. doi: 

10.1158/1055-9965.EPI-17-0877. 

17. Stang A. Critical evaluation of the Newcastle-Ottawa scale 

for the assessment of the quality of nonrandomized studies 

in meta-analyses. Eur J Epidemiol. 2010;25:603-5. doi: 

10.1007/s10654-010-9491-z. 

18. DerSimonian R, Laird N. Meta-analysis in clinical trials. 

Controlled Clinical Trials. 1986;7:177-88. doi: 10.1016/ 

0197-2456(86)90046-2. 

19. Higgins JP, Thompson SG, Deeks JJ, Altman DG. 

Measuring inconsistency in meta-analyses. BMJ. 2003;327: 

557-60. doi: 10.1136/bmj.327.7414.557. 

20. Green S. Cochrane handbook for systematic reviews of 

interventions: Cochrane book series. 2011;5:S38. doi: 10. 

1002/9780470712184.ch1. 

21. Liu Q, Cook NR, AnnaBergström A, Hsieh CC. A two-stage 

hierarchical regression model for meta-analysis of 

epidemiologic nonlinear dose-response data. Comput Stat 

Data An. 2009;53:4157-67. doi: 10.1016/j.csda.2009.05.001. 

22. Harrell FE, Lee KL, Pollock BG. Regression models in 

clinical studies: determining relationships between 

predictors and response. J Natl Cancer Institute. 1988;80: 

1198-202. doi: 10.1093/jnci/80.15.1198. 

23. Orsini N, Li R, Wolk A, Khudyakov P, Spiegelman D. 

Meta-analysis for linear and nonlinear dose-response 

relations: examples, an evaluation of approximations, and 

software. Am J Epidemiol. 2012;175:66-73. doi: 10.1093/ 

aje/kwr265. 

24. Orsini N, Bellocco R, Greenland S. Generalized least 

squares for trend estimation of summarized dose-response 

data. Stata J. 2006;6:40-57. doi: 10.1207/s15327906mbr 

4104_7. 

25. Greenland S, Longnecker MP. Methods for trend estimation 

from summarized dose-response data, with applications to 

meta-analysis. Am J Epidemiol. 1992;135:1301-9. doi: 10. 

1093/oxfordjournals.aje.a116237. 

26. Egger M, Davey Smith G, Schneider M, Minder C. Bias in 

meta-analysis detected by a simple, graphical test. BMJ. 

1997;315:629-34. doi: 10.1136/bmj.315.7109.629. 

27. Guo J, Ma Z, Ma Q, Wu Z, Fan P, Zhou X et al. 1, 

25(OH)(2)D(3) inhibits hepatocellular carcinoma 

development through reducing secretion of inflammatory 

cytokines from immunocytes. Curr Med Chem. 2013;20: 

4131-41. doi: 10.2174/09298673113209990248. 

28. Akhter J, Lu Y, Finlay I, Pourgholami MH, Morris DL. 

1alpha,25-Dihydroxyvitamin D3 and its analogues, EB1089 

and CB1093, profoundly inhibit the in vitro proliferation of 

the human hepatoblastoma cell line HepG2. ANZ J Surg. 

2001;71:414-7. doi: 10.1046/j.1440-1622.2001.02147.x. 

29. Saha BK, Bishayee A, Kanjilal NB, Chatterjee M. 1α, 25-

Dihydroxyvitamin D3 inhibits hepatic chromosomal 

aberrations, DNA strand breaks and specific DNA adducts 

during rat hepatocarcinogenesis. Cell Mol Life Sci. 2001;58: 

1141. doi: 10.1007/PL00000928. 

30. Farrell G. Insulin resistance, obesity, and liver cancer. Clin 

Gastroenterol Hepatol. 2014;12:117-9. doi: 10.1016/j. 

cgh.2013.07.040. 

31. Udomsinprasert W, Jittikoon J. Vitamin D and liver fibrosis: 

Molecular mechanisms and clinical studies. Biomed 

Pharmacother. 2019;109:1351-60. doi: 10.1016/j.biopha. 

2018.10.140 

32. Hu Z, Chen J, Sun X, Wang L, Wang A. Efficacy of vitamin 

D supplementation on glycemic control in type 2 diabetes 

patients: A meta-analysis of interventional studies. Medicine. 

2019;98:e14970. doi: 10.1097/MD. .0000000000014970. 

33. Lorvand Amiri H, Agah S, Tolouei Azar J, Hosseini S, 

Shidfar F, Mousavi SN. Effect of daily calcitriol 

supplementation with and without calcium on disease 

regression in non-alcoholic fatty liver patients following an 

energy-restricted diet: Randomized, controlled, double-blind 

trial. Clin Nutr. 2017;36:1490-7. doi: 10.1016/j.clnu.2016. 

09.020. 

34. Lorvand Amiri H, Agah S, Mousavi SN, Hosseini AF, 

Shidfar F. Regression of non-alcoholic fatty liver by vitamin 

D supplement: a double-blind randomized controlled clinical 

rrial. Arch Iran Med. 2016;19:631-8. doi: 0161909/AIM.006.

 

 

 
 

Supplementary table 1. Characteristics of included studies for circulating vitamin D associated with liver cancer 
risk 
 

Author Afzal Budhathoki Fedirko Lai Wang Weinstein 

Representativeness of the  
exposed cohort 

- ☆ ☆ - - - 

Selection of the unexposed 

cohort 
☆ ☆ ☆ ☆ ☆ ☆ 

Ascertainment of exposure ☆ ☆ ☆ ☆ ☆ ☆ 

Demonstration that outcome of 
interest at start of study 

☆ ☆ ☆ ☆ ☆ ☆ 

Comparability of cohorts on the 
basis of the design or analysis 

☆ ☆ ☆ ☆ ☆ ☆ 

Outcome assessment - - - - ☆ - 

Follow-up long enough for the 
outcomes to occur 

☆ ☆ ☆ ☆ ☆ ☆ 

Adequacy of follow-up of  
cohorts 

☆ ☆ ☆ ☆ ☆ ☆ 

Total quality scores ☆☆☆☆☆☆ ☆☆☆☆☆☆ ☆☆☆☆☆☆☆ ☆☆☆☆☆☆ ☆☆☆☆☆☆☆ ☆☆☆☆☆☆ 
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Supplementary table 2. Subgroup and meta-regression analyses for liver cancer risk 
 

Factors stratified No. 
Pooled effect (95% CI) Heterogeneity 

pb 
I2 (%) pa 

Region     0.236 
 Western countries 4 0.83 (0.67, 1.04) 59.8% 0.041  
 Asia 2 0.60 (0.42, 0.86) 0.0% 0.384  

Gender     0.290 
 Female 2 0.89 (0.69, 1.14) 0.00 0.455  
 Male 4 0.82 (0.60, 1.12) 66.5% 0.030  
 Both 2 0.58 (0.38, 0.89) 32.7% 0.223  
Biospecimen     0.668 
 Serum 4 0.77 (0.67, 0.89) 88.9% 0.003  
 Plasma 2 0.74 (0.30, 1.86) 0.0% 0.663  
 

CI: confidential interval; No.: number of included studies; pa: value for heterogeneity within subgroup; pb: value for heterogeneity be-

tween subgroups with meta-regression analysis. 
 
 

 

Supplementary figure 1. Sensitivity analysis investigating the association of vitamin D with liver cancer risk.  
 


