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Plasma 25-hydroxyvitamin D deficiency

in the peri-operative period is associated
with survival outcome in colorectal cancer
patients: a meta-analysis

Baojia Zheng'", Jianchang Chen'" and Xiaohua Gong'?*

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(0OH)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(0OH)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(0OH)D deficiency and risk variables for low 25(0OH)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(0OH)D deficiency was 59.61% (95% Cl: 45.74-73.48). The incidence of blood 25(0OH)

D deficiency post-operatively (66.60%) was higher than that pre-operatively (52.65%, 95% Cl: 32.94-72.36). Male
(RR=1.09, 95% Cl: 1.03-1.16), rectum tumor (RR=1.23, 95% Cl: 1.03-1.47), spring and winter sampling (RR=1.24,
95% Cl: 1.02-1.49) were the risk factors for the 25(OH)D deficiency. The association between the low 25(0OH)D post-
operatively and short-term overall survival (HR=0.43, 95% Cl: 0.24-0.77) was most prominent, while a low 25(0OH)

D pre-operatively (HR=0.47, 95% Cl: 0.31-0.70) was more significantly associated with long-term all-cause mortality
than that after surgery.

Conclusion Peri-operative 25(0H)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
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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"

“surgery” OR “operation”.

4. “prognosis” OR “mortality” OR “survival” OR
“outcomes”.

5. 1 AND 2 AND 3 AND 4.

w

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%Cls 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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Fig. 1 Flow diagram for study selection

25(0OH)D deficiency, tertiles for outcome analysis, HR
and 95%ClI 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

Records identified from:
Databases (n = 631):
Pubmed (n =162)
s Wed of science (n = 191)
§ EMBASE (n = 201) Records removed before screening:
= OvidMEDLINE (n =14) Duplicate records (n = 144)
o Cochrane Library (n =7)
=2 CNKI (n = 21)
Wangfang database (n =33)
other sources (n = 2)
Records screened Records excluded
(n =487) (n=297)
b4 Reports sought for retrieval Reports not retrieved
'g (n =190) (n=121)
o
?
Reports excluded:
o i i difficult to stratify (n = 16)
Hepatia asses_s%dgfor aligib iy —— animals trail or osteoporosis (n = 25)
fo=89) withoutthe indication of pre- or
post-operation (n = 14)

o
3 Reports of new included studies
3 (n=14)
=

risk factors of 25(OH)D deficiency in the peri-operative
period. Pooled proportions were calculated for inci-
dence of 25(0OH)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%
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confidence interval (CI) for risk factors. The extracted
HRs and 95% Cls 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 64.091+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(0OD)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(0H)D deficiency in
the peri-operative period

The cut-off values of blood 25(0OH)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.
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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 (P=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% CI1=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; ’=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 I 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 (?=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 ? 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’



(2024) 24:180 Page 5 of 13

Zheng et al. BMC Surgery

Ju/bu [62] (0oL
9¢-91 uw/bu ‘0L02)
Sl-11w/bu pouad ani “le3d
/ /  (660-¥80)L60  0l-87w/bu/-¢  |w/Buoe> 6 Al vz 59 76/591 /5C -esvdo-ad ayy oAdsod emMezay
pouad uols (82] (Ao
-SiWwal 9y] 3e -IN'7102)
S / / / |w/bups > / Al (3% / v€/6/ €11 :=Anelado-isod 9AI3DadsS0Na)  “|e 18 PUNY
|w/Bus6z< uolelado Vad|
(6180 |w/BUE62-C9 910439 shep (eulyD>'£100)
9 / —-8€C0)Tr7 0 lw/buzo>  jw/buzo> /8 St €9 S//LEL 90¢ USASS UIYlIMm ondadsoid  “|e1s buei
|w/Busz el < |w [o7]
(680 /Buszel—szy A1zbins GIN'%102)
6 —S50)0L0 / lw/busz/>  jw/bupl> LES [ 8901 / 789/916 8651  Jaye shep 50l Snddsoid  “|e 3 ebebz
(680 1/10WUE/5<
-70)€90 '6/5-08€08¢€> aAlelado- ad
* ¢ Moyod ‘¢ Moyod LT [a52 ¥¢8/720L: 8r8l: ‘¢ 1oyod [sa]
(180 “/lowuEe< Z Woyod Z Yoyod 7 Moyod Z Woyod ! 5IN'6102)
150590 (980-050)89°0:L  'L'€e-18L'L8L< 60/ 9661 L 11/0L6: /8911 eAnessdoisod “[e 19 meys
8 i Moyod }oyod : | 1oyod / | Moyod | | Moyod / | 1oyod | Yoyod i Joyod aADadsoud -ueybnep
W [81] (310d
/Bupe< ‘|w/bupg K1abins -ebuIs'g107)
S / T—v00)0€0 -1z w/bulz>  w/buoz > / 44 9 /e 9s 1aye shep /| SA323dsoud RERENSIY
[£1] (puey
-ui4'9100)
|/loWuQs< “leye
L /  (6¥'1-€¥0) 080 ‘/lowups = / /A 09 / 65/85 /1L 9Aneisdo-aid oAadsoid  usukiAep
(vl (
SpuelayIaN
'1200)
(€20 1/10wu “lele
/[ —lT06E0 / 0§ 7/|oWu s> 7/|owuQs > 89 a7 /9 6¢£¢/0ky 6/9 sisoubeip 1e andadsoud HUIRSSIM
(euwn
LLLFL59 uelpaw) 196
clL Joyod -INs Jaye skep g
(#8'0-€€0)€S0 Hoyod anpesado 6/LE1L 6¢C -Hoyoo
JJoYyod MRS -1sod JOY0od  11OYOd 3AlL  aAiesado-ysod
aAlesado-1sod -do-1so0d O1LF6S9 annesado-1sod  -eiado-1s0d ‘K1abins
(S9'L=£L0)ELL ‘glloy -Hoyoo ‘70L/¥8L  98T:HOY0od 210490 Aep | [€2] (puey
Joyod |/lowuQs< -0D2AeR 2Allesado Joyod 2Aljelado Joyod -al'6102) “|e
/ / aAnesado-aid 1/JoWuUQS s |/jowupss  -do-aid 80/ -a.d aAhesado-aid -2id  aanesado-aid oAIpadsoud 19 dioyle
Aouapysp (own
(1D%S6)4H a(Ho)st (syauow) uejpaw) bui (A13uno>
salods  Ayjeyow (1D%5S6)4H sisfleue @awod o sanjea abeys dn abe (9]eway/a1eW) syjuaned  -meup poojq ‘1eaK)
SON 9sned-||y  |elAINS [[_ISAQ  -}NO J0j S31M3] Jo-InD)  yeag DYD -Mojjo4 uelpapy oljes J9puaD Jo "'ON 10j dwi] ubisap Apnis loyny

S3IPN1S PapN|dUl 3Y3 JO SoNsLA1RIRYD) | djgeL



(2024) 24:180 Page 6 of 13

Zheng et al. BMC Surgery

LL'CF+6019 €8/¢/1¥SS ¥CE6 [e10L
[vel
(euly>'0c07)
“le
g / / /  |w/bupg > / / / / /€/18 811l A19bins a1059q aAnoadsoud 19 NABuIX
[eel(
HEIEMEN
'0207)
(680 /10wy “le1s
8 -1l€0)ESO / 0§ 7//owu Qg > 7/|owuQs > / -l / /9 8L¥/1SL 6911 sisoubelp je an32dsoud HULDSSIM
£G:110yod
uoljepl|eA S0z:1oyod
3y L v9 G8/0T1:10Y0d  uolepIjeA
‘Hoyod uonepiiea syl a4y} [cel (eulyD
(¥06:0-2SE0) JIoWus /¥ 2 /0w Arewd '617/70€1040d> 17 GH0YOd '0202)
/ / %950 7/|0WUG /1> GL> 18 I EI 19 Arewpd ayy  Arewnd ayy  A1abins a1ojoq anpDadsoidoiai “|e 12 oeg
uonelado [1€] (KoY
panpayds sy} -INL'1207)
S / / /  |w/Buoz > /A / 1479 ov/%9 Y0l 0]499M e Ul aAndadsoid  “e s 1djeg
[0€] (Aem
UOI}eUIYUOD -ION'1202)
[e2160]03s1Y 0} “le 39 uos
9 / / / 1/lowuQs > SE AH 6€ 59 ob/€8 6l JoudsAep ¢-¢ aApadsoid  -sweyelqy
Auapysp (own
(1D%S6)4H a(Ho)sz (syauow) ueipaw) bui (A13unod
sa10ds  Ajjerow (1D%S6)4H sisjeue awod>  Jo sanjea abeys dn abe (9]ewdy/a1ewWw) syjuaned  -mesp poojq ‘1e9K)
SON 9Shed-||y  [BIAINS [|BISAQ  -}NO 10} S3|IMI3L Ho-InD  yeag DJYd -Mojjo4 uelpapy onjel JIapuan JO 'ON 10y dwi] ubisap Apnis loyiny

(Penunuod) | 3jqelL



Zheng et al. BMC Surgery (2024) 24:180 Page 7 of 13

o

Pre- and post-operative incidencce

Incidence(%) %
author (year) (95% CI) Weight
Markotic et al, pre-operative cohort (2019) E - 68.18 (62.78,73.58) 7.73
Markotic et al, post-operative cohort (2019) ) o~ 71.18 (65.31,77.05) 7.71
Zgaga et al, (2014) * . 49.69 (47.24, 52.14) 7.80
Ng et al, (2018) — 4821 (35.13,61.30) 7.31
Yang et al, (2017) —-— 28.64 (22.47,34.81) 7.70

E

Akinci et al, (2014) E % 96.46 (93.05,99.87) 7.78
Mezawa et al, (2010) ! - 87.16 (83.07,91.25) 7.77
Abrahamsson et al, (2021) —— E 2558 (18.05, 33.11) 7.64
Wesselink et al, (2021) - ! 33.28 (25.74, 36.83) 7.78
Balci et al, (2021) | —— 71.15 (62.45,79.86) 7.59
Bao et al, (2020) E ®  88.87(36.59,91.16) 7.80
Wesselink et al. (2020) - ! 4277 (39.94, 4561) 7.79
Xingyu et al, (2020) e 62.71 (53.99, 71.44) 7.59
Overall, DL (I* = 99.3%, p = 0.000) ‘ 59.61 (45.74, 73.48)100.00

-100 0 100
NOTE: Walghts are from random-effects model

Pre- or post-operative incidence Incidence(%) %
Subgroup and author (year) (95% CI) Weight
Pre-operative
Markotic et al, pre-operative cohort (2019) - 68.18 (62.78, 73.58) 12.53

Yang et al, (2017) =i
Abrahamsson et al, (2021) ——
Wesselink et al, (2021) -
Balci et al, (2021)

Bao et al, (2020)

Wesselink et al, (2020) -

28.64 (22.47, 34.81) 12.50
25.58 (18.05, 33.11) 12.42

33.28 (29.74, 36.83) 12.60

—— 71.15 (62.45, 79.86) 12.35
@  88.87 (86.59, 91.16) 12.63

4277 (39.94, 45.61) 12.62

Xingyu et al, (2020) —— 62.71(53.99, 71.44) 12.35
Subgroup, DL (I = 99.4%, p = 0.000) ‘ 52.65 (32.94, 72.36)100.00
Post-operative

Markotic et al, post-operative cohort (2019) —-— 71.18 (65.31, 77.05) 25.17

1
Zgaga et al, (2014) T 49.69 (47.24, 52.14) 25.40
Ng et al, (2018) — | 4821 (35.13, 61.30) 24.07
Akinci et al, (2014) i @ 96.46 (93.05, 99.87) 25.36

Subgroup, DL (I = 99.4%, p = 0.000) -‘—- 66.60 (39.04, 94.16)100.00

Heterogeneity between groups: p = 0.420

I T T
-100 0 100

NOTE: Walghts and betwaen-subgroup test are from sftacts model

Fig. 2 Estimated incidence of peri-operative blood 25(0OH)D deficiency in colorectal cancer. (A) Single-arm meta-analysis of the incidence of blood
25(0OH)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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subgroup and group

(No. of patients ) No. of studies

Page 8 of 13

Risk Ratio
(95% CI)

Gender |

male (1886) 7 %= 1.09 (1.03, 1.16)

female (1187) +: 0.86 (0.76, 0.97)
|

BMI |

high BMI (61) 2 Y 1.06 (0.68, 1.64)

low BMI (140)

Tumor location

0.97 (0.82, 1.16)

colon (405) 4 - 0.88 (0.79, 0.97)
rectum (251) | —— 123 (1.03, 1.47)
I
AJCC stage :
111 (2035) 7 4 0.97 (0.89, 1.07)
1V (1628) —p— 1.01(0.90, 1.14)
[
Season of sampling :
spring, winter (1408) 5 |—0— 1.24 (1.02, 1.49)
summer, autumn (1407) — 0.81 (0.66, 0.97)
|
T T ¥ T T
0 5 1 15 2

Fig. 3 Subgroup analysis of risk factor for peri-operative blood 25(0OH)D deficiency in patients with colorectal cancer

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
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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(0OH)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(0OH)D levels in short term(< 5 years) or long term (> 5 years) with overall survival in patients with colorectal

cancer

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 AC]J] 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
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Fig. 5 Meta-analysis of the effect of peri-operative blood 25(0OH)D level on all-cause mortality. (A) Forest plot for the association of highest vs. lowest
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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/p-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 SIR, 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
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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(0OH)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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