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ABSTRACT
Objective: to explore the association between serum vitamin D level
and the occurrence and pathological grade of gastric cancer. 
Material a nd methods: search PubMed, Embase, Web of Science,
Cochrane and Chinese  database;  all  articles  about  the  association
between serum vitamin D levels and gastric cancer published before
July 2021.
Results:  10 trials  with  1159 cases of  gastric  cancer patients  and
33,387 cases of regular control patients were analyzed. The serum
vitamin D level of the gastric cancer group (15.56 ± 7.46 ng/ml) was
lower  than  in  the  control  group (17.60  ±  1.61  ng/ml),  and  the
difference  was  statistically  significant.  The  patients  with  gastric
cancer, clinical stage III/IV (16.19 ± 8.04 ng/ml) had lower vitamin D
levels  than  those  with  stage  I/II  (19.61  ±  9.61  ng/ml),  and  the
patients with low differentiation of gastric cancer (17.5 ± 9.5 ng/ml)
had  lower levels than those with  well-  or moderately-differentiated
cancer  (18.04  ±  7.92  ng/ml).  The  patients  with  lymph  node
metastasis (19.41 ± 8.63 ng/ml) had lower vitamin D levels than the
patients without lymph node metastasis (20.65 ± 7.96 ng/ml),  and
the difference was statistically significant. 
Conclusion: vitamin D levels were negatively associated with gastric
cancer. Vitamin D  levels were significantly associated with different
clinical  stages,  degrees  of  differentiation,  and  lymph  node
metastasis, suggesting that low vitamin D levels might predict poor
prognosis in gastric cancer.
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RESUMEN
Objetivo: investigar la asociación entre los niveles de vitamina D en
suero y la carcinogénesis gástrica y su clasificación patológica. 
Material y métodos:  se buscaron en las bases de datos PubMed,
Embase, Web of Science, Cochrane y China todos los artículos sobre
la  asociación  entre  los  niveles  séricos  de  vitamina  D  y  el  cáncer
gástrico publicados antes de julio de 2021. 
Resultados: se analizaron diez datos de 1159 pacientes con cáncer
gástrico y 33.387 pacientes normales de control. El nivel de vitamina
D en suero del grupo (15,56 ± 7,46 ng/ml) de cáncer gástrico era
inferior al del grupo de control (16,19 ± 8,04 ng/ml), y la diferencia
era  estadísticamente  significativa.  En  los  pacientes  con  cáncer
gástrico en estadio clínico III/IV (16,19 ± 8,04 ng/ml) era inferior al de
los pacientes en estadio I/II (19,61 ± 9,61 ng/ml) y en los pacientes
con cáncer de estómago poco diferenciado (17,5 ± 9,5 ng/ml) era
menor  que  en  los  pacientes  con  cáncer  bien  o  moderadamente
diferenciado (18,04 ± 7,92 ng/ml); en los pacientes con metástasis
en  ganglios  linfáticos  (19,41  ±  8,63  ng/ml)  era  inferior  al  de  los
pacientes sin metástasis en ganglios linfáticos (20,65 ± 7,96 ng/ml),
siendo la diferencia estadísticamente significativa.
Conclusión:  los  niveles  de  vitamina  D  se  correlacionaron
negativamente con el cáncer gástrico. Los niveles de vitamina D se
asociaron  significativamente  a  los  diferentes  estadios  clínicos,  el
grado de diferenciación y la metástasis en ganglios linfáticos, lo que
sugiere que los niveles bajos de vitamina D pueden ser un factor de
predicción de mal pronóstico en el cáncer gástrico. 

Palabras clave: Tumores gástricos. Vitamina D. Metaanálisis.
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INTRODUCTION
Gastric cancer is the fifth most common cancer and the third most
common cause of cancer death globally  (1).  According to statistics,
there were about 1 million newly diagnosed cases of gastric cancer in
2018 (2); approximately 784,000 people died of stomach cancer (1).
The  incidence  and  mortality  of  gastric  cancer  has  plummeted  in
recent  years,  partly  due  to  broader  population  screening  and
increased awareness of the treatment of Helicobacter pylori infection
(3).However, cancer is still a major health problem affecting Chinese
people  and  people  all  over  the  world. According  to  the  latest
statistics, there are 319,000 newly diagnosed cases of gastric cancer
and  390,000  cases  died  of  gastric  cancer  in  China  (3).  Although
interventions have been made to reduce the burden of cancer, the
first task is to identify possible risk factors related to cancer risk (4).
Therefore, we urgently need predictors of early gastric cancer that
are easy to identify, obtain, and improve.
Recently, the role of vitamin D in gastric cancer has been gradually
explored. Vitamin D is a precursor of the steroid hormone calcitriol. It
mainly  binds  to  vitamin  D receptors  to  regulate  gene  expression,
thereby inhibiting the growth of gastric cancer cells (5,6). It is known
that vitamin D has the effects of inhibiting proliferation, promoting
apoptosis,  and  inhibiting  inflammation  and  angiogenesis  (6).
Recently,  it  has  been  discovered  that  it  can  also  overcome  the
resistance  of  chemotherapy  drugs  by  reversing  or  reducing  EMT
(epithelial-mesenchymal  transition)  and  cancer  cell  stemness  (7).
There is  currently  no human randomized controlled trial  to clearly
support the beneficial  effects of vitamin D; however, some clinical
research  results  strongly  indicate  that  vitamin  D  deficiency  will
increase the incidence of cancer, and supplementing vitamin D may
be an economical and safe method to reduce the incidence of cancer
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and improve the prognosis of cancer (8). This study collects relevant
clinical studies and conducts systematic reviews and meta-analyses
to clarify  the correlation between serum vitamin D levels  and the
occurrence  of  gastric  cancer  and  different  clinicopathological
characteristics. Moreover, it also provides relevant evidence for the
role of vitamin D in the primary prevention and long-term prognosis
of gastric cancer.

METHODS

Inclusion and exclusion criteria
Inclusion  criteria:  1)  all  articles  related  to  vitamin  D  and  gastric
cancer published before July 2021, the language type is limited to
English and Chinese,  including cross-sectional  studies,  case-control
studies; 2) at least one parameter required by this research can be
extracted, including the serum vitamin D levels of the experimental
group and the control group, the serum vitamin D levels of patients
with different clinical grades, degrees of differentiation, and distant
metastasis; 3) hematological indicators of all subjects were collected
before radiotherapy, chemotherapy or surgery.
Exclusion  criteria:  1)  repetitive  literature,  literature  reviews,
graduation theses, case reports, etc.; 2) animal experiments or basic
research; 3) documents for which the full text cannot be obtained; 4)
documents for which the required data is not available or cannot be
obtained;  5)  do  not  clearly  state  the  status  of  vitamin  D
supplementation before obtaining serological specimens.

Search strategy
Our search database of PubMed, Embase, Web of Science, Cochrane,
and  Chinese  database before  July  2021.  The search terms  mainly
include: "vitamin D", "gastric cancer", "stomach neoplasm", etc. The
search languages are limited to Chinese and English. In addition, a
manual  search  was  conducted  on  the  references  of  the  subject-
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related articles to expand the search scope. Taking Embase, which
has the most documents, as an example, the search terms were as
follows:  (((((((((((((((((((("Stomach  Neoplasm")  OR  "Neoplasms,
Stomach")  OR  "Gastric  Neoplasms")  OR  "Gastric  Neoplasm")  OR
"Neoplasm,  Gastric")  OR  "Neoplasms,  Gastric")  OR  "Cancer  of
Stomach") OR "Stomach Cancers") OR "Gastric Cancer") OR "Cancer,
Gastric") OR" Cancers, Gastric") OR "Gastric Cancers") OR "Stomach
Cancer") OR "Cancer, Stomach') OR" Cancers, Stomach") OR "Cancer
of  the  Stomach")  OR  "Gastric  Cancer,  Familial  Diffuse"))  AND
((((((vitamin D) OR ((((((Ergocalciferols) OR Calciferols) OR Vitamin D
2)  OR  Vitamin  D2)  OR  "D2,  Vitamin")  OR  Ergocalciferol))  OR
((((((Cholecalciferol)  OR  Calciol)  OR  "(3  beta,5Z,7E)-9,10-
Secocholesta-5,7,10(19)-trien-3-ol) OR Vitamin D 3) OR Vitamin D3)
OR  Cholecalciferols))  OR  (((((((((((((((((((((((((((((((((Calcitriol)  OR  1
alpha,25-Dihydroxyvitamin D3) OR 1 alpha,25 Dihydroxyvitamin D3")
OR  "D3,  1  alpha,25-Dihydroxyvitamin")  OR  "1,25-Dihydroxyvitamin
D3")  OR  "1,25  Dihydroxyvitamin  D3")  OR"  D3,  1,25-
Dihydroxyvitamin")  OR"  1  alpha,25-Dihydroxycholecalciferol")  OR
"1,25-Dihydroxycholecalciferol")  OR "1,25  Dihydroxycholecalciferol")
OR "Bocatriol)  OR Calcijex") OR "Calcitriol KyraMed") OR" KyraMed,
Calcitriol") OR "Calcitriol-Nefro") OR "Calcitriol Nefro") OR Decostriol)
OR  "MC1288")  OR  "MC-1288")  OR  "MC  1288")  OR  Osteotriol)  OR
Renatriol) OR Rocaltrol) OR Silkis) OR Sitriol) OR Soltriol) OR Tirocal)
OR  '20-epi-1alpha,25-dihydroxycholecaliferol")  OR  "1,25-dihydroxy-
20-epi-Vitamin D3') OR "1,25 dihydroxy 20 epi Vitamin D3") OR" D3,
1,25-dihydroxy-20-epi-Vitamin")  OR  "1,25(OH)2-20epi-D3")  OR  "1
alpha, 25-dihydroxy-20-epi-Vitamin D3")))).

Literature quality assessments
The Newcastle-Ottawa Quality Assessment Scale (NOS) was used to
assess the case-control studies' quality. NOS includes three aspects,
selection, comparability, and exposure or results. The total score is 9
points. The total score of included studies is ≥ 6 points, considered
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high quality (9). Research scores included in this study are all ≥ 6
points, and the total average score is 8 points. Evaluation of 2 cross-
sectional studies using the cross-sectional  study evaluation criteria
recommended by the Agency for  Healthcare Research and Quality
(AHRQ) (10). The entire score is 11 points, and the two studies are 9
points (11) and 8 points (12), both of which are high-quality articles.
The scoring results are shown in table I.

Data collection
According to the inclusion and exclusion criteria,  the first  author’s
name,  publication  time,  research  location,  number  of  cases  and
parameters (including patient age and gender, smoking, and drinking
history,  gastric  mucosal  tissue  type,  lymph  node  metastasis,  and
pathological grading are recorded). The two authors independently
extracted  the  data  (Zhao  X,  Wang  J),  and  the  differences  were
resolved through discussion.  When the extracted serum vitamin D
concentration unit is inconsistent, it is uniformly adjusted to ng/ml.

Statistical method
The RevMan5.4 provided by the Cochrane Library’s official website
and Stata 14 statistical software were used for the meta-analysis, and
the Q statistic test and I2 test were used to analyze the heterogeneity
of  the  included  studies.  If  there  was  significant  heterogeneity
between  studies  (p  <  0.1,  I2  ≥  50 %),  then  the  source  of
heterogeneity  was  analyzed.  Apparent  clinical  heterogeneity  was
processed  by  analysis  or  sensitivity  analysis  that  eliminates  each
study  to  determine  the  potential  source  of  heterogeneity.  After
excluding  the  factors  that  affect  heterogeneity,  the  combined
analysis of the research results adopted the random effects model
analysis; if heterogeneity was not significant, the fixed effects model
analysis was adopted. All measurement data used mean difference
(MD) as the effect indicator,  and each effect size is given with its
95 %  confidence  interval  (CI).  A  forest  map  was  plotted  and
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compared the count data among multiple groups of the single-factor
analysis.  When  the  difference  of  p  was  smaller  than 0.05,  it  was
statistically  significant.  The  Egger  test  was  used  to  evaluate
publication  bias.  When p  <  0.1,  it  was  considered  statistically
significant, and there was publication bias.

RESULTS
Basic characteristics and quality evaluation
Seven hundred ninety-three related documents were first detected,
and 27 duplicate documents were found. After reading the title and
abstract, 746 articles were excluded. After reading the complete text,
ten articles were finally included  (11-20); the screening flowchart is
shown in figure 1, including 1159 cases of gastric cancer patients and
33,387  cases  of  regular  control  patients.  The  literature  screening
process and results are shown in figure 1, including 8 case-control
studies (13-20), and 2 cross-sectional studies (11,12), all coming from
India, Iran, Turkey, South Korea, China and other Asian countries. The
essential characteristics and the quality evaluation of the literature
are shown in table I.

Statistical analysis

Comparison of serum vitamin D levels between gastric cancer
group and the healthy control group
Among  the  included  ten  studies,  only  seven  studies  (11-17)
compared  the  serum  vitamin  D  levels  of  the  gastric  cancer
experimental  group  and  the  normal  control  group,  comparing 730
cases of gastric cancer with 33,387 cases of normal individuals, and
conducted  a  meta-analysis  of  seven  studies.  Significant
heterogeneity was found during the analysis (I2 = 99 %, p＜0.00001).
We found no significant heterogeneity among subgroups of different
vitamin D determination methods and publication years (before or
after  2018).  After  the sensitivity analysis,  it  was finally found that
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there was no significant change in heterogeneity after excluding any
one of the studies. The analysis showed that the vitamin D level of
the  gastric  cancer  group  was  significantly  lower  than  that  of  the
standard group, and the difference was statistically significant (MD =
-8.28, 95 %CI (-14.32 to -2.23), p = 0.007), as shown in figure 2.

Vitamin D and clinical stage
Six  studies  (12,14,17-20) reported  the  serum vitamin  D  levels  of
patients with different clinical stages of gastric cancer. A total of 650
patients with gastric  cancer were analyzed,  including 429 patients
with stage III/IV and 221 with stage I/II. The results show significant
heterogeneity (I2  = 80 %,  p  = 0.0002). After submitting each study
one by one, it was found that there was no heterogeneity (I2 = 0 %, p
=  0.89)  after  excluding  Li  Qiang’s  research,  considering  that  Li
Qiang's  research  subjects  are  older  adults  aged  62-83,  and  the
sample size is small.  Not including Li Qiang's research, the results
showed that the vitamin D level of patients with stage III/IV was lower
than  that  of  patients  with  stage  I/II,  and  the  difference  was
statistically  significant  (MD = -3.57,  95 % CI  (-4.21 to -2.92),  p  <
0.00001 ), as shown in figure 3.
2.2.3 Vitamin D and degree of differentiation
Six  studies  (12,13,17-20) reported  a  total  of  677  patients  with
differently differentiated gastric cancer patients with serum vitamin D
levels, and the results suggest severe heterogeneity (I2  = 80 %, p =
0.0002).  The  sensitivity  analysis  suggests  there  is  no  significant
improvement  in  heterogeneity  after  excluding  any  one  study.  The
poorly  differentiated  serum vitamin  D level  or  other  differentiated
gastric  cancer patients was significantly lower than that of  well  or
moderately-differentiated gastric cancer patients. The difference was
statistically  significant  (MD = -2.59,  95 % CI  (-4.85 to -0.66),  p  =
0.03), as shown in figure 4.

Vitamin D and lymph node metastasis and distant metastasis
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Three studies (18-20) reported 404 cases of gastric cancer, including
191 cases of N0/N1 gastric cancer and 213 cases of N2/N3 gastric
cancer. The analysis demonstrated that there was no heterogeneity
(I2  = 0 %,  p = 0.72)  .  The serum vitamin D level  of  patients with
lymph node  metastasis  N2/N3  is  lower  than  that  of  patients  with
N0/N1, and the difference is statistically significant (MD = -0.55, 95 %
CI (-0.77 to -0.32),  p＜0.00001), as shown in figure 5. Four studies
(17-20)  reported  392  patients  with  gastric  cancer,  including  62
patients with gastric cancer with distant metastasis and 330 patients
with gastric  cancer without  distant metastasis.  The difference was
not  statistically  significant (MD = -2.57,  95 % CI  (-6.73-1.58),  p =
0.23). In addition, we also analyzed the differences in serum vitamin
D levels by age, gender, smoking habit, drinking habit, and time of
onset (whether more than four months), and the results showed no
statistical significance.

Publication bias and sensitivity analysis
We performed the Egger test to evaluate publication bias on seven
articles (11-17) that included control  of  gastric  cancer and regular
patients and finally found no obvious publication bias (p = 0.395). We
included  six  articles  on  different  clinical  stages  of  gastric  cancer
patients(12,14,17-20) and the Egger test to evaluate publication bias,
and no obvious publication bias was found (p = 0.685). Evaluation of
6 articles with different degrees of differentiation (12,13,17-20) found
the  difference  was  statistically  significant  (P=0.055),  suggesting  a
publication bias, as shown in figure 6.

DISCUSSION
Our study concluded that decreased vitamin D levels increased the
risk of gastric cancer and were significantly associated with different
clinical  grades,  degrees  of  differentiation,  and  lymph  node
metastases.
Vitamin D is  a fat-soluble  vitamin.  The two main active forms are
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vitamin D3 (cholecalciferol) and vitamin D2 (ergocalciferol). Vitamin
D3 is the only form of vitamin D that naturally occurs in animals. It
can produced from 7-dehydrocholesterol in the skin through sunlight
exposure.  The  synthesis  of  vitamin  D3  in  the  skin  is  the  most
important source of vitamin D, but vitamin D2 and vitamin D3 have
no biological activity, and both must be activated by 25-hydroxylase
in  the  liver  and  1,25-dihydroxylase  in  the  kidney  to  1,25(OH)2D3
(calcitriol)  (6).  Calcitriol is a potent steroid hormone that regulates
gene expression in most tissues after binding to vitamin D receptors
(8).
The  current  anti-tumor  research  of  vitamin  D  mainly  includes  the
effect on cancer cell apoptosis and proliferation. Recently, it has also
been found that vitamin D also has a certain effect on the tumor
microenvironment  and  drug  resistance  in  chemotherapy.  Studies
have shown that  1,25(OH)2D3 can re-encode the cancer-associated
fibroblast (CAF) genes to reduce the malignant phenotype of colon
cancer  and  directly  inactivate  CAF  to  achieve  the  prevention  and
protection  of  colon  cancer.  It  can  also  affect  immune  cells  and
endothelial  cells  by stimulating CAF to secrete signal  factors  (21).
Vitamin D may participate in the resistance of multiple drugs through
different mechanisms, but the existing molecular mechanisms mainly
involve reversing or reducing the epithelial-mesenchymal transition
(EMT), and the inhibition of cancer cell stemness. EMT is a cellular
program  that  leads  tumor  cells  to  have  other  characteristics  of
malignant tumors, such as decreased apoptosis. The latest research
has  found  that  it  can  cause  tumors  to  develop  resistance  to
chemotherapy,  radiotherapy  and  immunotherapy(7).  Therefore,  a
large number of studies have suggested that inhibition of EMT can
effectively improve tumor drug resistance. Studies have shown that
EMT has occurred after long-term use of the EGFR inhibitor erlotinib
to treat non-small cell lung cancer. Treatment with 1,25(OH)2D3 can
reverse EMT and restore sensitivity  through inhibition of  TGF-β by
EMT  induction  of  cancer  cells  (22).  In  addition,  by  inhibiting  the
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expression of LCN2 and phosphorylation of Nf-kB, oral cancer cells
can be sensitized to cisplatin again  (23).  In in vitro studies, human
colorectal cancer cells treated with vitamin D analog PRI-2191 and
imatinib  had  significantly  down-regulated  their  expression  of
stemness-related genes, indicating that vitamin D plays a crucial role
in controlling to initiate cancer recurrence of residual colon cancer
cells (24).
The study’s results showed that the serum vitamin D level of patients
with gastric cancer was lower than that of normal individuals. It can
be seen that adequate vitamin D levels  have a certain preventive
effect  on the occurrence of  gastric  cancer.  In  the study of  gastric
cancer  patients  in  different  clinical  stages,  it  was  found  that  the
serum vitamin D level of patients with stage III/IV gastric cancer was
significantly lower than that of patients with stage I/II. It can be seen
that vitamin D has a certain effect on the prognosis of gastric cancer.
There are two studies (18,19) analyzing the survival data of patients
with gastric cancer, and the results suggest that patients with high
vitamin D levels have a longer survival time than patients with lower
levels. The result of Wang (18) suggest that the median survival time
of patients with vitamin D > 20 ng/ml is 52.4 ± 4.98 months, and
that  of  patients  with  ≤  20  ng/ml  is  29.8  ±  5.15  months.  Li  Q’s
research  (19)  showed  that  the  progression-free  survival  period  of
gastric cancer patients with vitamin D greater than 20 ng/ml was 19
months  (95 %  CI:  14.1-23.8  months),  and  the  progression-free
survival period of patients with ≤ 20 ng/ml was 10 months (95 % CI:
7.8-12.1  months),  the  difference  being  statistically  significant.
Therefore, vitamin D levels may affect the survival of patients with
gastric  cancer.  However,  few studies report  related outcomes, and
many clinical studies are still needed to confirm these findings.
Although some studies suggest that vitamin D is likely to play a role
in the neoadjuvant treatment or even in chemotherapy prevention
(18),  existing  studies  have  not  confirmed  that  vitamin  D
supplementation  can  improve  the  occurrence  and  prognosis  of
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tumors. Urashima M first proposed that vitamin D supplementation
does not  improve 5-year  recurrence-free  survival  rate for  patients
with  gastrointestinal  tumors  (25).  Interestingly,  the  research  team
found  that  vitamin  supplementation  in  high-grade  differentiation,
signet  ring-cell  carcinoma,  and  squamous-cell  carcinoma  cannot
improve relapse-free survival (RFS), but vitamin D supplementation
can improve RFS in poorly differentiated cancers  (26). At the same
time, they found that low levels of bioavailable 25-hydroxyvitamin D
(vitamin D that is not bound to vitamin D binding protein) in gastric
cancer  patients  with  vitamin  D  supplementation  can  significantly
improve 5-year RFS (27). It is undeniable that this study has certain
limitations:  the  sample  size  of  each  study  is  small,  and  some
analyses only include three documents, which may be biased; Egger
test results included in this article may show publication bias in some
indicators  of  the  study,  considering  most  published  articles  have
positive  results  and  negative  effects  may  be  missed;  different
determination  methods  of  serum vitamin  D levels  in  the  included
studies may also bias the results. In general, vitamin D measurement
methods can be divided into two main approaches: strategies based
on  immunoassays  (CLIA,  ECLIA,  RIA,  and  ELISA),  and
chromatographic  methods  including  HPLC  and  liquid
chromatography-tandem  mass  spectrometry  (LC-MS).  The
disadvantages of immunoassays are the non-specificity of the used
antibodies and significant interference. Chromatographic techniques
are also burdened with certain limitations and drawbacks, especially
the  complex  technical  equipment  and  the  time-consuming
preparation  and  evaluation  of  samples  (28). The  analytical
performance  is  highly  variable,  creating  rules  for  defining  regular
vitamin D status ranges  (29). Vitamin D levels are affected by the
intensity  of  ultraviolet  rays.  Vitamin  D  status  varies  across  all
continents  and countries.  Vitamin  D status  usually  is  adequate  in
Latin  America  and Australia  but,  in  contrast,  it  is  deficient  in  the
Middle East and some countries in Asia. Therefore,  our study only
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analyzed Asian countries, and the results are limited (30). Although
the  studies  are  all  from  Asia,  the  effects  of  ultraviolet  radiation
intensity  and  sunshine  duration  at  different  latitudes  are  not
considered. Vitamin D is also affected by many factors, such as other
diets, absorbability,  clothing styles, sunscreen use, where you live,
etc.  (30).  Therefore,  we must  design  more  rigorous  randomized
controlled studies to verify the final results.
In  conclusion,  serum  vitamin  D  level  is  correlated  with  the
occurrence,  development  and  prognosis  of  gastric  cancer.  The
reduction of  vitamin D increases the risk of  gastric  cancer.  At the
same  time,  vitamin  D  levels  are  significantly  related  to  different
clinical  stages,  degrees  of  differentiation,  and  lymph  node
metastasis. Therefore, serum vitamin D levels may be an essential
factor in the prevention and prognosis of gastric cancer. There is no
apparent correlation between the patient’s age, gender, smoking and
drinking history, onset time, and distant metastasis. Paying attention
to serum vitamin D levels may become a clinical trend and make a
specific contribution to the early detection and treatment of gastric
cancer.  However,  according to  the quality  and sample  size of  the
included  articles,  we  need  more  rigorously  designed,  meticulous,
high-quality, large-sample prospective randomized controlled studies
to verify this conclusion.
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Figure 1. The literature screening process and results



2
0

Figure 2.  Serum vitamin D levels between the gastric cancer group
and healthy control group. The analysis showed that the vitamin D
level of the gastric cancer group was significantly lower than that of
the normal group.
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Figure 3. Serum vitamin D levels between different clinical stages.
The vitamin D level of patients with stage III/IV was lower than that of
patients with stage I/II.
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Figure 4.  Serum  vitamin  D  levels  between  different  degrees  of
differentiation. The serum vitamin D level of poorly differentiated or
other  differentiated gastric  cancer  patients  was  significantly  lower
than  that  of  well-  or  moderately-differentiated  gastric  cancer
patients.
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Figure 5.  Serum vitamin D levels between lymph node metastases.
The serum vitamin D level of patients with lymph node metastasis
N2/N3 is lower than that of patients with N0/N1.
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Figure 6.  The  publication  bias.  No  obvious  publication  bias  was
found.
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Table I. Basic characteristics and quality evaluation

Name Country Year Study type Test
Gastric cancer Conrol NOS

AHRQ*n Mean ± SD n Mean ± SD

Zeng, Y (13) China 2014 Case-control study ELISA 118
15.42 ± 4.91

68
37.33 ± 14.32

14.32
9

Bao, AY (14) China 2016 Case-control study
ECLI

101 10.12 ± 5.78 99 18.12 ± 7.36 10

Eom,  SY

(15)
Korea 2018 Case-control study ELISA 72 17.1 ± 8.9 91 20 ± 6.5 9

Durak,  Ş

(16)
Turkey 2019 Case-control study HPLC 77 11 ± 6 84 16 ± 6 9

Hedayatizad

eh-Omran, A

(17)

Iran 2020 Case-control study ELISA 50 26.86 ± 14.6 50 31.72 ± 13.4 9

Kwak,  JH

(11)
Korea 2020 Cross- sectional study RIA 218 17.4 ± 0.59 32901 17.5 ± 0.1 9*

Kevin,  A

(12)
India 2021 Cross- sectional study - 94 13.83 ± 5.97 94 29.15 ± 4.13 8*

Wang,  XL China 2019 Case-control study ELISA 167 18.94 ± 9.47 - - 7
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(18)

Li，Q (19) China 2014 Case-control study ELISA 65 18.26 ± 4.13 - - 8

Chao, R (20) China 2012 Case-control study ELISA 197 19.94 ± 9.47 - - 6

*AHRQ  evaluation  standard.  HPLC:  high-pressure  liquid  chromatography;  RIA:  radioimmunoassay;  ECLI:
electro-chemiluminescence

immunoassay.


