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Abstract
Aim  Surgery had a significant impact on 25-hydroxyvitamin D (25-(OH)D) levels. Uncertainty still existed regarding 
the effects of peri-operative 25(OH)D deficiency on colorectal cancer (CRC) patients’ prognosis. The purpose of the 
present study was to explore the potential association between the peri-operative 25(OH)D deficiency and the 
survival outcome of CRC.

Methods  Seven electronic databases [including PubMed, EMBASE, Web of Science, The Cochrane Library, 
OvidMEDLINE(R), China National Knowledge Infrastructure (CNKI) and Wangfang data] were searched without 
language limitations. The primary outcomes were overall survival and all-cause mortality. Secondary outcomes were 
the incidence of 25(OH)D deficiency and risk variables for low 25(OH)D level in the peri-operative period.

Results  14 eligible studies were obtained with 9324 patients for meta-analysis. In the peri-operative period, the 
pooled incidence of blood 25(OH)D deficiency was 59.61% (95% CI: 45.74–73.48). The incidence of blood 25(OH)
D deficiency post-operatively (66.60%) was higher than that pre-operatively (52.65%, 95% CI: 32.94–72.36). Male 
(RR = 1.09, 95% CI: 1.03–1.16), rectum tumor (RR = 1.23, 95% CI: 1.03–1.47), spring and winter sampling (RR = 1.24, 
95% CI: 1.02–1.49) were the risk factors for the 25(OH)D deficiency. The association between the low 25(OH)D post-
operatively and short-term overall survival (HR = 0.43, 95% CI: 0.24–0.77) was most prominent, while a low 25(OH)
D pre-operatively (HR = 0.47, 95% CI: 0.31–0.70) was more significantly associated with long-term all-cause mortality 
than that after surgery.

Conclusion  Peri-operative 25(OH)D impacted the CRC patients’ prognosis. Due to possible confounding effects 
of systemic inflammatory response (SIR), simultaneous measurement of vitamin D and SIR is essential for colorectal 
survival.
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Introduction
Colorectal cancer (CRC) was currently the fourth most 
common cancer worldwide, and its incidence was still 
on the rise [1]. In the United States, CRC was the sec-
ond most common cause of cancer death [2]. The main-
stay of treatment for colorectal cancer was still surgery 
[3]. Despite advances in treatment over the past three 
decades, the mortality rate of CRC remained high mostly 
due to recurrence and distant organ metastases [4]. It 
was widely reported that tumor characteristics were not 
the only factor influencing prognosis, while host-related 
factors in the peri-operative period were greatly contrib-
uting to the poor survival outcomes in patients with CRC 
[5]. Up to now, it had been discovered that peri-operative 
status of some host factors, such as anima [6], sarcope-
nia [7] and immune status [8] played substantial roles 
in tumor growth, which were closely associated with 
prognosis. Thus, exploring other possible peri-operative 
host-factors associated to prognosis and taking early 
intervention possibly benefited the prognosis and sur-
vival of CRC.

Vitamin D was a steroid hormone known to affect cal-
cium homeostasis and skeletal physiology [9]. Due to the 
strong homeostatic regulation of the formation and levels 
of 1,25(OH)2D and the short half-life, studies frequently 
used circulating 25-hydroxyvitamin D (25(OH)D) to 
determine vitamin D status [10]. Vitamin D status in 
human disorders had drawn increasing attention, which 
was recognized as a kind of crucial hormone for preserv-
ing the regular operation of many organs or bodily sys-
tems [11]. A recent meta-analysis confirmed that higher 
vitamin D intake and serum 25(OH)D levels were associ-
ated with lower cancer risk and cancer-related mortality 
[12]. Numerous research and meta-analyses had revealed 
that adequate vitamin D consumption reduced the onset 
of CRC [13, 14]. Besides, vitamin D might act as a pre-
dictive factor for the survival outcome in CRC [15, 16]. 
The level of 25(OH)D concentration significantly fluctu-
ated during surgery [17]. However, peri-operative vita-
min D levels still had ambiguous findings on prognosis in 
patients with CRC [18, 19].

Therefore, the meta-analysis was conducted to fur-
ther identify the impact of the peri-operative vitamin D 
levels on short-term and long-term survival outcome in 
CRC. Simultaneously, the incidence and risk factors of 
peri-operative 25(OH)D deficiency were further evalu-
ated to assist in the clinical identification of evidence for 
intervention.

Materials and methods
Search strategy
The present review adhered to Preferred Reporting Items 
For Systematic Reviews and Meta-Analyses(PRISMA) 
statement [20]. In the last week of April 2023, a search 

was conducted in seven electronic databases, includ-
ing PubMed, EMBASE, Web of Science, The Cochrane 
Library, OvidMEDLINE(R), China National Knowledge 
Infrastructure (CNKI) and Wangfang data, without lan-
guage limitations. The following search terms (MeSH) 
were used in “All fields” to identify relevant published 
articles:

1.	 “CRC” OR “colorectal cancer” OR “colorectal tumor” 
OR “colorectal neoplasms” OR “colon cancer” OR 
“rectal cancer” OR “rectal neoplasm” OR “colonic 
neoplasm” OR “colon” OR “rectum”.

2.	 “25(OH)D” OR “25-hydroxyvitamin D” OR “vitamin 
D”.

3.	 “surgery” OR “operation”.
4.	 “prognosis” OR “mortality” OR “survival” OR 

“outcomes”.
5.	 1 AND 2 AND 3 AND 4.

Study selection
The published studies were retrieved with no restric-
tions of language. The included studies were required 
to meet the following eligible criteria: (a)prospective or 
retroprospective cohort studies; (b) measurement of cir-
culating 25-OHD in patients with colorectal cancer; (c) 
description of the outcome in colorectal cancer; and (d) 
reporting HRs and corresponding 95%CIs according to 
different categories of blood 25(OH)D levels to conduct a 
meta-analysis. Reports published as review articles, pro-
tocol, editorials, guidance and consensus were excluded. 
All titles were independently screened by two authors 
in accordance with the search strategy mentioned above 
(B.Z and J.H). A total of 631 records were acquired 
from the 7 electronic databases. After removing dupli-
cate records, two authors independently performed an 
abstract review of potentially relevant records to assess 
their eligibility based on the inclusion criteria. Differ-
ences were resolved through discussion until a consensus 
was reached. Then, a full text search of the remaining 69 
records was conducted, and 55 records were eliminated 
due to animals trail, or without the indication of the pre- 
or post-operation, or difficulty in stratifying (Fig. 1). The 
Newcastle Ottawa Quality scale (NOS) for assessing the 
quality in meta-analyses was used to evaluated the qual-
ity of the included studies [21]. For NOS, a score of at 
least 6 out of 9 indicated high quality.

Data extraction
The data from eligible studies were extracted including 
the following information: first author’s name, publica-
tion year, country, study design, time for blood draw-
ing, sample size, gender ratio(male/female), median age, 
follow-up duration, CRC stage, death, cut-off value of 
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25(OH)D deficiency, tertiles for outcome analysis, HR 
and 95%CI for overall survival and all-cause mortality in 
the studies.

Statistical analysis
The primary outcomes were the impact of the levels of 
peri-operative 25(OH)D on overall survival and all-cause 
mortality. Secondary outcomes were the incidence and 

risk factors of 25(OH)D deficiency in the peri-operative 
period. Pooled proportions were calculated for inci-
dence of 25(OH)D deficiency by conducting single-arm 
meta-analysis, meanwhile subgroup meta-analyses were 
individually performed for all variables based on pre-
operative point and post-operative point, short-term 
and long-term survival outcome. The binomial distri-
bution was utilized to calculate risk ratio (RR) and 95% 

Fig. 1  Flow diagram for study selection
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confidence interval (CI) for risk factors. The extracted 
HRs and 95% CIs were used to calculate the pooled 
HR estimates. A random-effects model was used for all 
meta-analysis because the significant heterogeneity was 
assumed among the included studies [22]. A forest plot 
was used to illustrate the distribution of the outcome and 
effect size obtained from each included study. Egger’s 
test was used to detect the potential publication bias. All 
statistical analyses were conducted using STATA 16.0 
(STATA Corp, College Station, TX).

Results
Characteristics of the included studies
The flow diagram of the search and study selection pro-
cess was shown in Fig. 1. Characteristics of the included 
studies [17, 18, 23–34] were summarized in Table  1. A 
total of 14 eligible studies with 9324 patients (male: 5541, 
female: 3783) were included. The numbers of patients 
in the included studies ranged from 56 to 1848 cases. 
The overall average age (± standard error [SE]) of the all 
patients was 64.09 ± 2.11 years. These studies were pub-
lished between 2014 and 2021, of which twelve were pro-
spective studies and two were retrospective studies. Of 
these studies, five were from Asia (three from China, one 
from Japan and one from Singapore) and nine were from 
outside Asia (two from the UK, two from Turkey, two 
from Netherlands, one from Finland, one from Ireland, 
and one from Norway). The cut-off values of 25(OD)D 
deficiency and the tertiles for outcome analysis in dif-
ferent studies were shown for pooled extraction. Overall 
survival and all-cause mortality [high level vs. low level 
of 25(OH)D] in the included studies were also revealed 
in Table 1. In addition, NOS scores represented the qual-
ity of all included studies based on the NOS checklist, of 
which 11 studies were at least 6, indicating high quality of 
adherence for most studies.

Incidence and risk factors of blood 25(OH)D deficiency in 
the peri-operative period
The cut-off values of blood 25(OH)D deficiency from the 
included studies were presented in Table 1. As shown in 
Fig. 2A, the incidence of peri-operative blood 25(OH)D 
deficiency was ranging from 25.58 to 96.46%, estimated 
of 59.61% (95% CI, 45.74–73.48) in the peri-operative 
period. Furthermore, the incidence of blood 25(OH)
D deficiency post-operatively was higher than that pre-
operatively, reaching for 66.60% (95% CI: 39.09–94.16; 
Fig.  2B) with significant heterogeneity. Male, rectum 
tumor, spring and winter sampling were the risk factors 
for peri-operatively blood 25(OH)D deficiency, with a 
pooled RR of 1.09 (95% CI: 1.03–1.16) in male; 1.23 (95% 
CI: 1.03–1.47) in rectum tumor and 1.24 (95% CI: 1.02–
1.49) in spring and winter sampling, more detail shown 
in Fig. 3.

Meta-analysis for overall survival
The associations between low peri-operatively blood 
25(OH)D and overall survival(OS) were reported in 
seven cohorts with 3104 cases (Fig.  4). Based on a ran-
dom-effects model (I2 = 46.5%), the combined result 
showed that low peri-operative blood 25(OH)D was sig-
nificantly associated with poor OS (Fig.  4A, HR = 0.67, 
95% CI = 0.52–0.87) when the highest tertiles compared 
with the lowest tertiles. The subgroup analysis between 
the pre- or post-operative time-point were conducted, 
and found that low post-operatively blood 25(OH)D 
(HR = 0.63, 95% CI: 0.50–0.80; I2 = 0%) was more likely 
to contribute to pooer OS than low pre-operative level 
(HR = 0.71, 95% CI: 0.46–1.10) as shown in Fig. 4B. Fur-
thermore, in terms of the impact on short-term survival 
outcome (< 5 years) and long-term survival outcome (≥ 5 
years), the pooled results showed that low peri-operative 
level of blood 25(OH)D affected both short-term and 
long-term survival outcome. And the HR for short-term 
survival outcome was 0.43 (95%CI:0.24–0.77, Fig.  4C) 
without heterogeneity, while the HR for long-term sur-
vival outcome was 0.72 (95%CI:0.55–0.94) with the I2 of 
52.1%. The funnel plot showed in Supplemental Fig.  1A 
and p value of Egger’s test was 0.055, indicating no poten-
tial publication bias.

Meta-analysis for all-cause mortality
The effects of peri-operative blood 25(OH)D status on 
all-cause mortality in CRC patients were also assessed in 
the present study. Five cohorts with long-term survival 
outcome (larger than 5 years) comprising 6981 patients 
reported the prognostic value of blood 25(OH)D in the 
peri-operative period for all-cause mortality (Fig.  5A). 
The results suggested that lower level of peri-operative 
blood 25(OH)D was strongly associated with higher all-
cause mortality (HR = 0.64, 95% CI: 0.55–0.73) without 
heterogeneity (I2 = 0.0%). As shown in Fig.  5B, the sub-
group analysis showed that lower blood 25(OH)D sta-
tus pre-operatively (HR = 0.47, 95% CI:0.31–0.70) was 
inclined to have higher all-cause mortality than lower 
blood 25(OH)D post-operatively (HR = 0.67, 95% CI: 
0.57–0.80) with an I2 value of 0%. However, the funnel 
plot was observed and Egger’s test (p = 0.03; Supplemen-
tal Fig. 1B) implied a potential publication bias.

Discussion
Adequate data suggested getting enough vitamin D could 
lower the risk of formation and incidence in CRC, high-
lighting the important role of vitamin D in CRC preven-
tion [35]. Furthermore, the vitro studies also found that 
vitamin D evidently regulated cell proliferation and apop-
tosis, and promoted cellular differentiation to prevent the 
development of cancer [36]. However, the impact of vita-
min D levels in peri-operative period on CRC patients’ 
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Fig. 2  Estimated incidence of peri-operative blood 25(OH)D deficiency in colorectal cancer. (A) Single-arm meta-analysis of the incidence of blood 
25(OH)D deficiency in pre- and post-operative period in enrolled cases. (B) Subgroup analysis of the incidence of blood 25(OH)D deficiency in pre- or 
post-operative period in enrolled cases by using single-arm meta-analysis
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prognosis was still inconsistent. It was challenging to pro-
vide precise time of intervention due to failure in speci-
fying the exact time of blood collection, resulting from 
ignoring effects of peri-operative time of blood 25(0  H)
D on CRC`s treatment and outcomes, even though a few 
prior articles suggested the level of circulating vitamin D 
was associated with the prognosis in colorectal patients 
[37, 38]. Furthermore, vitamin D levels were fluctuat-
ing greatly and rapidly during surgery, which might 
lasting for three months or longer before the concentra-
tion recovers to “normal” levels [39]. So an integrated 
meta-analysis was conducted to identify the role of peri-
operative blood 25(0 H)D in survival outcome in CRC`s 
patients. It was found that the incidence of peri-operative 
vitamin D deficiency was pretty high and did have a sig-
nificantly negative impact on survival outcome.

14 studies were included comprising 9324 CRC’s 
patients in this systematic review. The findings revealed 
that the incidence of peri-operatively blood 25(OH)D 
deficiency had significantly over 50%, despite some sub-
stantial variability due to regional variations in vitamin 
D status [40]. Additionally, it was demonstrated by the 

estimated data from subgroup meta-analysis that the 
incidence of blood 25(OH)D deficit in post-operative 
period was higher than that in pre-operative period. As 
Vaughan-Shaw et al. previously reported, the authors 
found that blood 25(OH)D levels were lower in the 
twelve months following surgery, then recovering after 
twenty-four months [25]. The incidence of 25(OH)D defi-
ciency after surgery was higher than that before surgery 
as shown in our findings, which was more likely to be 
caused by plasma loss during surgery or peri-operative 
anxiety, stress, fasting and other conditions [41]. There-
fore, the impact of the deficiency in peri-operative period 
on tumor metastases and deterioration did warrant more 
investigation, even though 25(OH)D was more reported 
to be related to the onset of colorectal cancer [41, 42].

In the current study, the potential risk factors for 
25(OH)D deficiency peri-operatively were also analyzed 
and revealed that male, rectum tumor, spring, and winter 
sampling were the significant risk variables. For sex defer-
ence, some literature evidenced the importance of some 
gender-specific determinants of circulating 25(OH)D as 
factors to be considered rather than straight differences 

Fig. 3  Subgroup analysis of risk factor for peri-operative blood 25(OH)D deficiency in patients with colorectal cancer
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in vitamin D basal levels between males and females [43]. 
As an example, higher incidence of colorectal carcino-
mas in men had been linked to male sex hormones com-
pared with women [44]. Additionally, smoking [45] and 
low physical activity [46] seemed predictors of vitamin 
D deficiency in men, which exerted a continuous impact 
on vitamin D status in the peri-operative period. On the 
other hand, meta-analysis showed that rectum cancer 
had higher risk occurring peri-operative 25(0  H)D defi-
ciency when compared with colon cancer, which might 
be related to rectal mucosal gene expression. It was found 
that normal rectal mucosal gene expression signature 
could induce higher 25-OHD level [47], while partial rec-
tal resection and mucosal damage resulting from surgery 
probably lead to reduced plasma vitamin D level. The 
reduction in blood 25(0 H)D samples taken in spring and 
winter correlated with the lack of seasonal sunlight expo-
sure, since adequate sunlight exposure was one of the 

main sources of vitamin D supplementation [48]. How-
ever, BMI and ACJJ stage were not the significant risk 
factors for low blood 25(0 H)D levels in this study. How-
ever, it is worth noting that in both inflammatory bowel 
disease (IBD) and Crohn’s disease (CD), there was a neg-
ative association between BMI and vitamin D serum lev-
els [49]. A previous systematic review showed significant 
but weak correlation between BMI and 25-OHD in adults 
[50], However, another’s report revealed that BMI was 
not an independent predictor of low 25-OHD levels [17], 
so whether BMI was a risk factor for low plasma 25-OHD 
levels during CRC`s treatment remains controversial.

Low circulating 25(OH)D concentration throughout 
peri-operative period was greatly associated with over-
all survival and all-cause mortality, indicating that the 
vitamin D fluctuation and deficiency during surgery 
could result in adverse prognosis. As for overall survival, 
the subgroup analysis was conducted and revealed that 

Fig. 4  Meta-analysis of the effect of peri-operative blood 25(OH)D level on overall survival. (A) Forest plot for the association of highest vs. lowest 25(OH)
D levels in pre- and post-operative period with overall survival in patients with colorectal cancer. (B) Subgroup analysis of forest plot for the association of 
highest vs. lowest 25(OH)D levels in pre- or post-operative period with overall survival in patients with colorectal cancer. (C) Subgroup analysis of forest 
plot for the association of highest vs. lowest 25(OH)D levels in short term(< 5 years) or long term (≥ 5 years) with overall survival in patients with colorectal 
cancer
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Fig. 5  Meta-analysis of the effect of peri-operative blood 25(OH)D level on all-cause mortality. (A) Forest plot for the association of highest vs. lowest 
25(OH)D levels in pre- and post-operative period with all-cause mortality in patients with colorectal cancer. (B) Subgroup analysis of forest plot for the 
association of highest vs. lowest 25(OH)D levels in pre- or post-operative period with all-cause mortality in patients with colorectal cancer
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association between the post-operative 25(OH)D and 
overall survival was more prominent than that before 
surgery. To our best knowledge, this was the first time 
to identify the role of the post-operative blood 25(OH)
D level on overall survival in CRC by systematic review, 
especially in short-term survival(< 5 years), which facili-
tated to provide a time point for target clinical interven-
tion. Animal researches showed that sufficient vitamin 
D could hinder the progression of CRC through mul-
tiple pathways, including Wnt/β-catenin, apoptosis, 
and inflammation [51]. Furthermore, vitamin D could 
enhance survival of CRC`s patients through increasing 
immune modulation [52], attenuation of fatigue symp-
toms [53], and a decrease of mood disorders or depres-
sion [54]. As mentioned above, post-operative vitamin D 
deficiency was highly prevalent and sustained for a long 
time, which could lead to dysregulation of anticancer 
pathways, contributing to the deterioration of CRC. On 
the contrary, patients with a high vitamin D level after 
surgery through supplementation presented better dis-
ease-free survival and overall survival than patients with 
low vitamin D level [55], which fostered the evidence that 
the importance of follow-up monitoring and supplemen-
tation of vitamin D level after surgery for CRC patients.

The role of peri-operative 25(OH)D level in all-cause 
mortality was also evaluated in this study. Although 
CRC-specific mortality might have more reference 
value, it was difficult to meta because the small number 
of articles describing CRC-specific mortality associated 
with the peri-operative 25(OH)D level. All articles for 
analyzing all-cause mortality included followed-up last-
ing for over 5 years, and the finding revealed that low 
peri-operative blood 25(OH)D level also resulted in the 
elevated all-cause mortality. Interestingly, the impact of 
low 25(OH)D pre-operatively was more pronounced than 
post-operatively on all-cause mortality. Inflammation 
was possibly one of the potential underlying processes 
explaining the link between vitamin D and all-cause mor-
tality [56]. Cancer progression was significantly influ-
enced by inflammation [57] and vitamin D’s active form 
(1,25-dihydroxycholecalciferol) has anti-inflammatory 
characteristics [58]. Inflammation might contribute to 
the development of comorbid conditions like cardiovas-
cular disease [59], which was experienced by many can-
cer survivors [60]. Not to be overlooked, the systemic 
inflammatory response (SIR) possibly had an important 
confounding effect in the correlation between vitamin D 
and cancer survival outcomes, with some scholars sug-
gesting that low plasma 25(OH) concentrations were 
a consequence of persistent SlR, as there was a recog-
nized association between the presence of SIR and poor 
prognosis in cancer patients [61]. There was consistent 
evidence that plasma levels of the most common micro-
nutrients, such as vitamin D, decreased progressively in 

mild, severe to profound inflammation [62]. Clearly, most 
plasma micronutrients were part of the systemic inflam-
matory response. It was recommended that measure-
ments of plasma micronutrient concentrations should be 
performed in conjunction with measurements of inflam-
matory responses in patients with acute or chronic dis-
ease. However, few of the included studies analyzed the 
association between SIR markers and vitamin D, result-
ing in a lack of meta-analysis to verify.

This study had some limitations. Firstly, the number 
of studies included was still small. Although seven large 
database were searched and the references of included 
studies were checked, we cannot exclude having missed 
a relevant study. Second, there was significant heteroge-
neity in the combined results of the incidence of blood 
25(OH)D deficiency peri-operatively due to regional and 
population variations. There were variations in units and 
cut-off values because of different trials and cohorts, but 
all our meta-analyses were comparing highest level and 
lowest level. And overall results were remarkably consis-
tent across studies without heterogeneity. For the exact 
time of blood drawing in our included studies, the pre-
operative time was at diagnosis or within a week before 
surgery, while the post-operative time was mostly within 
a week or a month after surgery and only one study was 
three months after surgery, but the results of meta-analy-
sis were generally consistent after sensitivity analysis.

Conclusion
There was a high peri-operative incidence of circulating 
25(OH)D deficiency in CRC`s patients. Both the pre-
operative and post-operative vitamin D level was greatly 
associated with the survival outcome in CRC patients. 
Due to the possible confounding effect of SIR in the cor-
relation between vitamin D levels and colorectal survival, 
simultaneous measurement of vitamin D and SIR in the 
peri-operative period are essential for improving CRC`s 
survival outcome.
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