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Abstract
Introduction: Vitamin D is found to have anti-cancer properties. Although the preventive role of vitamin D in cancer is proven, 

its role in gastric cancer is equivocal. 
Aim: To evaluate vitamin D deficiency in patients with gastric adenocarcinoma and its relationship with the disease char-

acteristics. 
Material and methods: This single-centre, prospective, cross sectional study was carried out from February 2017 to Decem-

ber 2018. Serum 25-hydroxy vitamin D levels of 94 patients with gastric adenocarcinoma and 94 age- and sex-matched healthy 
controls were estimated. Among cases, vitamin D levels and disease characteristics such as TNM stage, tumour grade, clinical 
stage and patient demographics were analysed.

Results: The vitamin D levels among cases (13.83 ±5.97 ng/ml) were significantly lower (p < 0.0001) than the control group 
(29.15 ±4.13 ng/ml). Vitamin D deficiency was found in 88% of cases and in 3% of controls. Among cases, age, T stage and clini-
cal stage had a significant inverse relationship with vitamin D levels. Cases with distant metastasis and cases with pain had 
significantly lower levels of vitamin D compared to the cases without distant metastasis and without pain respectively. Other 
study parameters did not have a significant relationship with vitamin D.

Conclusions: Vitamin D deficiency is associated with occurrence of gastric adenocarcinoma and correlates with the disease 
severity. However, to assign a causal relationship and to study the beneficial effect of vitamin D in gastric cancer, further research 
is needed.

Introduction
Gastric carcinoma is the fifth most common can-

cer worldwide. It is the third most common cause of 
deaths due to cancer [1]. Vitamin D has been found to 
have a role in the tumourigenesis of gastric cancer [2]. 
Vitamin D is converted to calcitriol, a steroid hormone 
(1,25(OH)

2D3). It is produced in the skin utilizing the ul-
traviolet (UV) radiation in sunlight. Multiple factors such 
as indoor occupation, avoidance of sunlight, distance 
from the equator with low levels of sunlight, winter sea-
son, clothes that cover the entire body, and dark skin af-
fect vitamin D synthesis and a significant proportion are 
vitamin D deficient [3]. Anticancer properties of calcitriol 
include anti-proliferative effects, stimulation of differenti-

ation and apoptosis, anti-inflammatory effects, suppres-
sion of angiogenesis and metastasis [4]. The anti-tumour 
effect of vitamin D in gastric cancer found to be medi-
ated by inhibition of DNA polymerase α, decreasing ex-
pression of cyclin dependent kinase, PTEN up-regulation 
and inhibition of the hedgehog pathway [2]. 

Few ecologic studies have shown that UVB exposure 
and thereby vitamin D synthesis are inversely related to 
the incidence and mortality of stomach carcinoma [5–12].  
However, the correlation between serum vitamin D lev-
els and gastric cancer remains inconsistent [13–18]. Al-
though the relationship between vitamin D status and 
risk of gastric cancer was indeterminate and only a pos-
sible relationship has been suggested in a few studies 
[17–19], it has not been identified whether there is a de-
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finitive correlation between vitamin D status and clini-
co-pathologic features of gastric cancer patients.

Aim
This study was carried out to determine the associa-

tion of vitamin D levels in patients with gastric adeno-
carcinoma and to correlate it with the clinico-pathologi-
cal characters of the disease.

Material and methods
Study design
This was a single-centre, prospective, cross sectional 

study conducted in a tertiary care centre from Febru-
ary 2017 to December 2018. Institute Ethical Commit-
tee JIP/IEC/2016/1060 approval and written informed 
consent were obtained. All ethical principles mentioned 
in the Declaration of Helsinki were followed in this 
study. The study was registered under the Clinical Tri-
als Registry of India (CTRI) with the registration number 
CTRI/2018/05/013825.

Study patients
All patients above 18 years who were newly diag-

nosed with gastric adenocarcinoma before undergoing 
definitive treatment were included in the study. Patients 
with prior cancer history, patients on vitamin D supple-
mentation, patients with clinical evidence of hyperthy-
roidism, liver disease (Child B and C), serum creatinine 
> 2 mg/dl, and patients who have had neo-adjuvant 
chemotherapy (NACT) were excluded from the study. 
The age- and sex-matched controls were recruited from 
apparently healthy volunteers after obtaining written 
informed consent. 

Sample size
Assuming an α error of 5% and power of 80% and es-

timated prevalence of vitamin D deficiency/insufficiency 
in 80% of cases and 60% of matched controls from the 
study by Vyas et al., a sample size of 94 in each group 
was calculated using Open Epi software version 3.01 [18].

Procedure
Blood samples were collected prior to treatment 

initiation from patients either admitted for surgery or 
referred for palliative treatment and 25-hydroxy vita-
min D levels (primary outcome parameter) were meas-
ured using Siemens AVIDA Centaur Vitamin D Total kits. 
Demographic details, symptoms, relevant radiographic 
findings and the proposed treatment plan were entered 
in the data sheet. The post-operative histopathology re-
ports in patients who underwent surgery were collect-
ed. Patients were staged based on the American Joint 
Committee on Cancer guidelines (AJCC, 8th edition).

The cases and controls were classified into three 
groups based on serum vitamin D levels: vitamin D defi-
ciency when the level is less than or equal to 20 ng/ml, 
insufficiency when it is from 21 to 29 ng/ml and sufficien-
cy when it is greater than or equal to 30 ng/ml [18–21].

Statistical analysis
Statistical analysis was done using IBM SPSS 19.0 for 

Windows. Continuous variables such as age, body weight, 
symptom duration, BMI, blood sugar, urea, serum cre-
atinine, liver function test, complete blood count, and 
serum levels of 25(OH) vitamin D levels were presented 
as means with standard deviation. Categorical variables 
such as gender, co-morbidities, tumour position, differ-
entiation, TNM staging, distant metastasis, smoking and 
alcoholism were presented as proportions. Continuous 
variables were compared using Student’s t test or the 
Mann-Whitney U test as appropriate. Categorical varia-
bles were analysed using the c2 test. P-values were de-
rived from 2-sided tests and those less than 0.05 were 
considered statistically significant.

Results
We included a total of 188 participants (94 each 

for cases and controls). The mean age of the case and 
control groups was comparable (p = 0.808). The mean 
vitamin D level among cases was significantly lower 
compared to the control group (13.83 ±5.97 ng/ml vs. 
29.15 ±4.13 ng/ml; p < 0.0001). Vitamin D deficiency 
was significantly higher in cases (88%) than controls 
(3%) (p < 0.0001) (Table I, Figure 1).

Among cases, patients above 50 years had a signifi-
cantly lower mean vitamin D level compared to patients 
below or equal to 50 years (13.01 ±6.31 ng/ml vs. 15.66 
±4.70 ng/ml; p = 0.026). However, there was no sig-
nificant difference in the mean vitamin D levels among 
cases with respect to body mass index (BMI), smoking, 
alcoholism, symptom duration, or loss of weight (Ta-
ble II). Patients who presented with pain had a signifi-
cantly lower mean vitamin D level compared to patients 
who had no pain at presentation (12.67 ±6.35 ng/ml vs. 

Table I. Vitamin D status in cases and controls

Vitamin D status
[ng/ml]

Cases
(n = 94)

n (%)

Controls
(n = 94)

n (%)

P-value

Deficiency (≤ 20) 83 (88) 3 (3) < 0.0001#

Insufficiency (21 to 29) 10 (11) 52 (55)

Sufficiency (≥ 30) 1 (1) 39 (42)

Mean ± SD 13.83 ±5.97 29.15 ±4.13 < 0.0001*

#c2 test, *Mann-Whitney U test.
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15.39 ±5.07 ng/ml; p = 0.014). The mean vitamin D level 
in patients presenting without vomiting was signifi-
cantly lower compared to patients with vomiting (11.52 
±5.81 ng/ml vs. 14.34 ±5.92 ng/ml; p = 0.044) (Table III). 
Cases with T4 disease had a lower mean vitamin D level 
compared to cases which had T2 disease on post-op-
erative histopathology (12.83 ±6.01 vs 16 ±4.99 ng/ml;  
p = 0.025) (Table IV). Cases with distant metastasis 
had significantly lower levels of vitamin D compared to 
non-metastatic cases (9.82 ±5.04 vs 14.98 ±5.74 ng/ml; 
p < 0.001) (Table IV). There was an inverse relationship 
between the clinical stage of gastric adenocarcinoma 
as per AJCC and mean vitamin D levels in each stage 
(p = 0.01) (Table V). There was no significant relation 
of vitamin D levels with the location of the tumour, tu-
mour differentiation, or the nodal stage of the disease 
(Table IV).

Discussion
The vitamin D cancer hypothesis, introduced by Gar-

land and Garland [22], has gained momentum and has 
led to a myriad of studies trying to find the molecular 
basis of vitamin D in tumorigenesis and the possible 
role of vitamin D in primary prevention of cancers [4]. 
The protective role of vitamin D in colorectal, breast and 
prostate cancers has been studied extensively [4, 23, 24]. 
Various studies have found an inverse relationship be-
tween mortality of gastric cancer and ultraviolet-B expo-
sure, which is essential for the synthesis of vitamin D [2]. 
However, the correlation between serum vitamin D lev-
els and gastric cancer remains equivocal. In the current 
prospective study, it was found that 88% of patients 
with gastric adenocarcinoma were vitamin D deficient, 

Table II. Vitamin D and demographic parameters in 
patients with gastric cancer

Variable N = 94
n (%)

Vitamin D
mean ± SD 

[ng/ml] 

P-value

Age [years]: 0.026*

50 29 (30.85) 15.66 ±4.70

> 50 65 (69.15) 13.01 ±6.31

Gender: 0.197**

Male 65 (69.15) 14.36 ±6.11

Female 29 (30.85) 12.63 ±5.5

Body mass index [kg/m2]: 0.460#

18 44 (47) 13.05 ±5.896

> 18 50 (53) 14.51 ±6.01

Smoking: 0.332*

Yes 44 (47) 14.47 ±6.03

No 50 (53) 13.26 ±5.91

Alcoholism: 0.552*

Yes 29 (30.85) 13.31 ±5.17

No 65 (69.15) 14.06 ±6.31 < 0.0001*

*Mann-Whitney U test, **Student’s t-test, #c2 test.

Table III. Vitamin D and symptomatology in patients 
with gastric cancer

Variable N = 94
n (%)

Vitamin D
mean ± SD 

[ng/ml] 

P-value

Symptom duration 
[months]:

0.238#

< 4 36 (38) 15.54 ±5.71

≥ 4 58 (62) 13.17 ±5.97

Vomiting: 0.044*

Yes 77 (82) 14.34 ±5.92

No 17(18) 11.52 ±5.81

Pain: 0.014*

Yes 54 (57.45) 12.67 ±6.35

No 40 (42.55) 15.39 ±5.07

Loss of weight: 0.742**

Yes 83 (88.30) 13.76 ±6.04

No 11 (11.70) 14.37 ±5.62

*c2 test, *Mann-Whitney U test, **Student’s t-test.

Figure 1. Boxplot showing vitamin D levels of 
cases (right) and matched control group (left)
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which contrasts with the control population, where 3% 
were vitamin D deficient. Among cases, vitamin D levels 
are significantly associated with age, presence of pain, 
vomiting, tumour depth, and presence of metastasis.

Some studies did not find any association [13–15], 
while others found an inverse association between 
vitamin D levels and gastric cancer [16–18]. Ren et al., 
in their retrospective study, found an inverse associa-
tion of vitamin D levels with the clinical stage and with 
lymph node involvement in patients with gastric adeno-
carcinoma [19]. 

The present study found that 55% of the control 
population had insufficient vitamin D levels, which is 
in accordance with the range reported in Indian liter-
ature [25]. This insufficiency of vitamin D in controls 
can be attributed to their dark skin, where melanin 
acts as a barrier to ultraviolet rays. Dietary factors can 

also result in insufficient vitamin D levels [3]. Vitamin D 
deficiency was found in 88% of patients with a mean 
value of 13.83 ±5.97 ng/ml. This is lower than the mean 
vitamin D level observed by Ren et al. (19.94 ng/ml) in 
their retrospective study on gastric cancer patients [19]. 

In the present study, patients older than 50 years 
had significantly lower levels of vitamin D compared to 
patients who were younger than 50 years (p = 0.026). 
The mean age of diagnosis of gastric cancer is 60 years 
and the incidence increases with age [26]. Thus, vita-
min D deficiency might play a role in the elderly and 
might contribute to the predominance of cancers in 
this age group. On the other hand, factors such as 
gender, body mass index, smoking or alcoholism were 
not found to be associated with vitamin D levels. Prior 
studies have shown conflicting results with respect to 
gender and body mass index [19, 27], whereas smoking 
and alcoholism have been found to be not associated 
with vitamin D levels among patients with gastric ade-
nocarcinoma [19]. 

Pain in gastric cancer is common in locally advanced 
and metastatic cases. Patients can also have an ulcer 
type pain in the very early stages of the disease [28]. 
Vitamin D has been found to modulate cancer pain, and 
it has been shown that supplementation with vitamin D 
alleviates pain in patients undergoing palliation for 
non-gastric malignancies [29]. With respect to gastric 
carcinoma, the relationship between pain and vitamin D 
levels is not elucidated in previous studies which were 
retrospective [19]. In the current study, it was found that 
patients presenting with pain had significantly lower 
levels of vitamin D when compared to patients who did 
not have pain (p < 0.014). This finding suggests that 
supplementing vitamin D may improve pain in gastric 
adenocarcinoma.

Patients without vomiting had lower levels of vita-
min D compared to patients with vomiting in this study 
(p = 0.044). Vomiting makes the patient seek medical 
attention early, and patients without vomiting, mostly 
but not always, present late compared to patients with 

Table V. Vitamin D and clinical stage in patients with 
gastric cancer

Clinical staging N = 94
n (%)

Vitamin D
mean ± SD 

[ng/ml]

P-value

I 3 (3) 19 ±6.60

II 14 (15) 15.66 ±5.03 0.01*

III 28 (30) 15.30 ±4.87

IV 49 (52) 12.14 ±6.34

*Kruskal-Wallis test.

Table IV. Relationship between vitamin D levels and 
tumour characteristics

Variable N = 94
n (%)

Vitamin D
mean ± SD 

[ng/ml]

P-value

Location of growth: 0.139*

Cardia 11 (12) 14.98 ±7.11

Body 17 (18) 11.27 ±5.54

Antrum 66 (70) 14.30 ±5.78

Differentiation: 0.051*

Well 14 (15) 16.85 ±6.11

Moderate 39 (41) 14.18 ±6.42

Poor 41 (44) 12.46 ±5.12

T stage: 0.025**

T2 10 (11) 16 ±4.99

T3 18 (19) 16.28 ±5.53

T4 66 (70) 12.83 ±6.01

N staging: 0.197**

N0 10 (10.6) 16.33 ±5.19

N1 7 (7.4) 13.35 ±6.00

N2 27 (28.7) 14.99 ±6.63

N3 50 (53.2) 12.76 ±5.63

Metastasis: < 0.001***

Present 21 (22) 9.82 ±5.04

Absent 73 (78) 14.98 ±5.74

* ANOVA, **Kruskal-Wallis test, ***Mann-Whitney U test.
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vomiting. This may be one of the factors influencing the 
vitamin D levels among cases. This is a new observation 
in our study and prior retrospective studies have not 
correlated vomiting with vitamin D levels [19]. Factors 
such as symptom duration and weight loss, however, 
were not significantly associated with vitamin D levels. 
A similar observation concerning symptom duration 
was reported by Ren et al. [19]. 

In the current study population, the most common 
location of gastric cancer was the distal stomach, ac-
counting for 70% of cases, which is in accordance with 
the existing Indian literature [30]. There was no signifi-
cant difference in vitamin D levels with respect to the 
location of cancer. Prior studies have also found no sig-
nificant difference in this regard [19, 31].

 In the present study, patients with poorly differenti-
ated gastric cancer (44%) had a lower mean level of vi-
tamin D (12.46 ±5.12 ng/ml) compared with well (14.18 
±6.42 ng/ml) and moderately differentiated (12.46 
±5.12 ng/ml) groups. However, this was not found to 
be statistically significant (p = 0.051). The role of vita-
min D in tumour differentiation is well established in 
colon and breast cancer. It has been found that poorly 
differentiated cancers have a lower level of vitamin D 
compared to well-differentiated variants in colon and 
breast malignancies [32, 33]. Studies have proven that 
there is a significant difference in the expression of vi-
tamin D receptors and vitamin D deficiency between 
premalignant and malignant gastric cancer cells [31, 
34]. This might explain the lower levels of vitamin D be-
ing associated with poorly differentiated cancer in the 
current study.

Most of the patients of this study population were 
in stage T4 (70%). The mean vitamin D value among 
patients with T4 disease (12.83 ±6.01 ng/ml) was sig-
nificantly lower than in patients with T2 (16 ±4.99 ng/
ml) or T3 disease (16.28 ±5.53 ng/ml) (p = 0.025). This 
inverse relationship between vitamin D levels and the 
T stage of gastric adenocarcinoma was not observed 
in the study by Ren et al. [19]. This inverse relationship 
can possibly be attributed to the various molecular sig-
nalling pathways controlled by vitamin D. It is found 
that vitamin D controls the proliferation of tumour 
cells, and a lower level may be associated with poorly 
differentiated/progressive/locally advanced disease [4, 
32]. However, clinical studies have produced equivocal 
results in this regard, especially in gastric adenocarcino-
ma [2]. The current study reinforces the definitive role 
of vitamin D in gastric carcinoma.

The nodal stage was not significantly associated 
with vitamin D levels in the current study (p = 0.197). 
This was not the case in other studies comparing nodal 
stage with vitamin D, where a significant difference 

between N0/N1 disease and N2/N3 disease was found 
[19, 27]. A possible explanation for this observation in 
the current study might be the lower representation N1 
disease (7%). 

Gastric carcinoma with distant metastasis to liver, 
lung, and bone was present in 22% of cases in this 
study, and the mean vitamin D level in these cases was 
significantly lower than in cases without metastasis 
(9.82 ±5.04 vs 14.98 ±5.74 ng/ml; p < 0.001). Pre-clinical 
studies have proven the role of vitamin D in suppress-
ing distant metastasis by regulating the cell cycle and 
inducing apoptosis in cancer cells. Vitamin D analogues 
prevented peritoneal metastasis of gastric adenocarci-
noma in animal studies, and their deficiency can lead 
to disease progression [35]. Clinical studies so far have 
not confirmed an association between the presence of 
metastasis and vitamin D levels [19].

 Most cases in this study belonged to stage IV (52%) 
with a mean vitamin D value of 12.14 ±6.34 ng/ml. An 
inverse relationship was found between the clinical 
stage and vitamin D levels (p = 0.01). A similar observa-
tion was noted by Ren et al. in their study [19].

The literature concerning the direct effect of vi-
tamin D supplementation in gastric cancer is scarce. 
Long-term vitamin D supplementation was found to 
inhibit Helicobacter pylori infection [36]. Whether the 
low level of vitamin D observed in these patients is the 
cause or effect of the disease remains to be elucidated. 
Considering the findings from this study, patients with 
advanced gastric carcinoma have significantly lower 
levels of vitamin D, and future studies on the effect of 
vitamin D supplementation and its preventive role in 
gastric adenocarcinoma are essential.

Conclusions
This study found that vitamin D deficiency is sig-

nificantly more frequent in patients with gastric ad-
enocarcinoma compared to matched controls. Age, 
vomiting, and pain were found to be associated with 
vitamin D levels. There is an inverse relationship be-
tween vitamin D levels and the disease characteristics 
such as the T stage, M stage, and the overall clinical 
stage of patients with gastric cancer. Thus, vitamin D 
levels are associated with the clinico-pathological char-
acteristics of gastric adenocarcinoma with a significant 
deficiency in advanced stages of the disease. However, 
to assign the causal relationship of vitamin D with dis-
ease progression and to study the beneficial effect of 
vitamin D in gastric cancer further prospective studies 
are required.
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