ORIGINAL ARTICLE

GASTROINTESTINAL TRACT

Risk Factors for Vitamin D Deficiency in Inflammatory
Bowel Disease: A Systematic Review and Meta-Analysis

Shanzhen Shi'"¥, Jiaxing Feng"", Lixiang Zhou™*, Yu Li?

, Huaxiu Shi"

'Department of Gastroenterology, Zhongshan Hospital Xiamen University, Xiamen, Fujian Province, People's Republic of China
?Department of Nephrology, Zhongshan Hospital Xiamen University, Xiamen, Fujian Province, People's Republic of China

Cite this article as: Shi S, Feng J, Zhou L, Li Y, Shi H. Risk factors for vitamin d deficiency in inflammatory bowel disease:
A systematic review and meta-analysis. Turk J Gastroenterol. 2021; 32(6): 508-518.

ABSTRACT

Background: To identify risk factors for hypovitaminosis D in inflammatory bowel disease and conduct a comprehensive systematic
review with meta-analysis to quantify the impact on vitamin D deficiency.

Methods: We conducted a literature search of studies through PubMed, Embase, Cochrane Library, and Web of Science. In addition,
relevant articles were searched manually. Studies were included if the odds ratios (OR) and 95% CI of each risk factor were reported or
could be calculated. We will use the fixed-effects or random-effects model to estimate the pooled effect.

Results: Out of 1018 articles, 25 eligible studies were identified, including 5826 participants. The risk factors associated with hypovita-
minosis D were non-Caucasian (OR: 3.79, 95% Cl: 2.68-5.34), Crohn's disease (OR: 1.38, 95% ClI: 1.21-1.56), disease activity (OR: 1.85,
95% ClI: 1.61-2.13), inflammatory bowel disease-related surgery (OR: 1.61, 95% CI: 1.38-1.89), exposure to steroid (OR: 1.61, 95% CI:
1.28-2.03), and biologics (OR: 1.78, 95% CI: 1.48-2.14). In 30 ng/mL and adjusted OR subgroup, male (OR: 1.84, 95% CI: 1.47-2.31) and
winter season (OR: 2.49, 95% Cl: 1.69-3.67) also were risk factors, respectively. 5-aminosalicylic acid (OR: 1.10, 95% CI: 0.74-1.63) and
smoking (OR: 1.19, 95% CI: 0.98-1.45) were unrelated to vitamin D deficiency.

Conclusions: For vitamin D deficiency in inflammatory bowel disease, non-Caucasian, Crohn'’s disease, disease activity, surgery, expo-
sure to steroid and biologics, males are risk factors, while 5-aminosalicylic acid and smoking are not. The relationship between body

mass index, winter season, exposure to immunomodulators, and vitamin D deficiency remains unclear.
Keywords: Inflammatory bowel disease, vitamin D deficiency, risk factors, meta-analysis

INTRODUCTION

Inflammatory bowel disease (IBD) refers to a chronic,
immune-mediated disorder that mainly includes Crohn's
disease (CD) and ulcerative colitis (UC), which has become
a global disease. At the turn of the 20th century, even
though the incidence of IBD in Western countries has sta-
bilized, the prevalence rate exceeds 0.3%. Additionally,
the incidence is rising rapidly in newly industrialized coun-
tries." Epidemiological study predicts that the absolute
number of IBD patients in developing countries is likely
to catch up with that of western countries by the time of
20252 Up to now, the pathogenesis of IBD is not yet clear.
However, it is speculated to result from a complex interac-
tion between derangements in immune homeostasis, cer-
tain environmental factors, and genetic susceptibility.®4

Increasing epidemiological studies have shown that

vitamin D status plays a role in the pathogenesis of
IBD.® Vitamin D, signaling through the vitamin D receptor,

*These authors have contributed equally to this work.

Corresponding author: Huaxiu Shi, e-mail: huaxiushi@xmu.edu.cn

repairing the gut epithelial barrier, and has anti-bacterial
activity. As an immunomodulator, it suppresses the action
of IL-12 on dendritic cells (DCs) by the binding of vitamin D
receptors to DCs, which can downregulate Th1/Th17 and
upregulate Th2 and Treg.? Meanwhile, it can maintain the
balance between immune homeostasis and inflammation
by interaction above.® Immunological studies reveal that
CD is mainly affected by Th1/Th17 responses and Treg
responses.” Conversely, the pathogenesis of UC seems to
be associated with mediated by Th2 and NK T cells.8

Micronutrient deficiencies are prevalent in IBD
patients.® Recently, clinical evidences suggest that
vitamin D deficiency is involved in IBD,'®'" IBD patients
exhibit an imbalance in vitamin D metabolism.”? A sys-
tematic review and meta-analysis of 14 studies, includ-
ing 938 patients with IBD, found that approximately
37.85% of patients were classified as vitamin D defi-
ciency." This high prevalence has caught our attention.
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Many observational studies tried to determine risk fac-
tors for vitamin D deficiency in IBD, including gender,
ethnicity, season, disease activity, CD versu. UC diagnosis,
smoking, body mass index (BMI), and concomitant medi-
cations.’®%” However, the conclusions among the above
studies are still controversial and inconclusive. Potential
reasons for such inconsistency may be attributed to the
limited sample size and various definitions of vitamin D
deficiency. Given that results from previous studies were
conflicting and need to be clarified, we performed a sys-
tematic review and meta-analysis to identify the associa-
tion between risk factors and vitamin D deficiency in IBD.

MATERIALS AND METHODS

Study Protocol

The systematic review and meta-analysis protocol has
been registered prospectively in PROSPERO (protocol
number: PROSPERO CRD42020181938) and was pre-
pared according to the PRISMA-P guidelines.®® A compre-
hensive search of major electronic databases was done
to identify suitable studies from inception through June
2020 without language restrictions. Following databases
were searched: PubMed, Embase, Cochrane Library, Web
of Science. The search used the terms “vitamin D,” "ergo-
calciferol,” “calcifediol,” "inflammatory bowel disease,”
"Crohn's disease,” "ulcerative colitis,” and “risk factors” in
different combinations. In addition, we searched relevant
articles of all review articles manually.

Inclusion and Exclusion Criteria

Articles were initially screened by 2 authors who indepen-
dently reviewed abstracts. Conflicts of opinion regarding
eligibility were resolved through discussion or, if neces-
sary, by involving a senior author. Population-based stud-
ies included prospective or retrospective cohort design,
case—control, and cross-sectional design.

Inclusion criteria included:

* Any observational study that reported risk factors of
vitamin D deficiency in IBD patients (CD or UC) in all
countries and regions was included.

¢ Vitamin D outcomes were dichotomized into the
deficient or non-deficient group.

* The study evaluated the association of risk factors on
vitamin D outcomes.

Exclusion criteria were the following:

» Systematic reviews, meta-analyses, and other review
articles.

* Invitro studies.

» Any risk factor did not be reported.

* Combining other diseases that affect vitamin D levels.

* Vitamin D cutoff value is not 20 ng/mL or 30 ng/mL,
which is most often discussed.

* The data of the vitamin D outcome statistical mea-
sures were incomplete (odds ratios (OR), and 95%
Cls), or the data cannot be used to calculate the out-
come measure.

Data Extraction

For included original reports, 2 authors independently
carried out data extraction including the following infor-
mation: author, study design, publication year, country,
study site latitude, the number of vitamin D deficiency in
IBD and non-deficiency patients, definition of vitamin D
deficiency, and any possible risk factors.

Study Quality Assessment

Two authors independently assessed the quality of each
study by using the Newcastle-Ottawa scale (NOS), which
is primarily applied to cohort and case-control stud-
ies in systematic reviews.®® The NOS was used to assess
the quality of retrieved studies on a scale of 0-9 via the
3 aspects: study selection, comparability, and the ascer-
tainment of exposure or outcome. The quality of cross-
sectional studies was evaluated using the Agency for
Healthcare Research and Quality (AHRQ), which includes
an 11-item checklist.*° The AHRQ was used to assess arti-
cle quality as follows: 1-3 as low quality, 4-7 as moderate
quality, and 8-11 as high quality.

Data Analysis

Adjusted OR were extracted if available; otherwise,
we used unadjusted results from dichotomous out-
come variables. Statistical analysis was conducted
using the Stata 16.0 software to calculate the pooled
odds (and 95% CI) for each potential risk factor among
IBD patients with deficient versus insufficient/normal
vitamin D levels. Statistical heterogeneity among the
research results was to be assessed using the I-squared
and Q-test's P-value with the significance level set at
50% and .1, respectively. When a high degree of hetero-
geneity (P < .1 and/or I> > 50%) existed and contained
enough available studies, we will use the random-effects
model and further analyze the sources of heterogeneity
by subgroup analysis, sensitivity analysis or meta-regres-
sion analysis. Publication bias was evaluated using funnel
plots and a quantitative test (Egger's test), when more
than 10 studies were included. When the funnel plot
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shows an obvious asymmetry, the trim and fill method
will be further analyzed.

RESULTS

Out of 1018 citations, 25 studies'®® with a total of
5826 patients who fulfilled requirements for predefined
inclusion and exclusion criteria were included. The study
flowchart is presented in Figure 1. The baseline character-
istics of the included studies and quality score are listed in
Table 1. The qualities of cohort studies were ranged from
5 to 9, with a median score of 7. Cross-sectional studies
with AHRQ scores ranged from 7 to 9, with a median score
of 8. The patients included in this systematic review and
meta-analysis came from 14 countries on 4 continents
(Asia, North America, Europe, and Africa). The majority
of included studies'* 16-21 23,24, 26-31. 33,35 defined deficient
status as serum vitamin D levels < 20 ng/mL. Eight stud-
ies!81522253234.3637 ysed the cutoff value of 30 ng/mL for
vitamin D deficiency.

Gender

A total of 16 studies included in our review!'®15-182223
25-27.2982-36  gnalyzed the association between gender
and vitamin D deficiency in IBD. No obvious asym-
metry was observed for the funnel plot, and Egger's
test further indicated no significant publication bias
(Egger's test P-value = .6044). The summary result of

gender (Figure 2) showed that males were associated
with increased odds of vitamin D deficiency (pooled OR:
1.32, 95% CI: 1.08-1.61). Mild heterogeneity existed in
studies (I? = 35.90%, P = .08). To evaluate the stability
of the combined outcomes, we carried out a sensitivity
analysis. It indicated that excluding any single study did
not change the overall result (data not shown). Subgroup
analyses in participants with vitamin D deficiency cutoff
point below 20 and 30 ng/mL showed that the higher
cutoff concentration had nearly double risk (OR: 1.84,
95% Cl: 1.47-2.31, I = 0%) (Table 2). However, there
was no statistical significance when the cutoff value was
20 ng/mL (OR: 1.16, 95% CI: 0.95-1.41, I = 8.18%). In the
meta-regression analysis, the sample size and vitamin D
deficiency cutoff value could impact 95.37 and 100% of
heterogeneity, respectively.

BMI

These studies'®202830 gnalyzed the association between
BMI (>25 kg/m? vs. <25 kg/m?) and vitamin D deficiency
in IBD. The summary result of BMI (Figure 3) showed that
BMI did not significantly affect low vitamin D levels in IBD
(pooled OR:1.32,95% CI: 0.79-2.20). However, there was
significant heterogeneity across studies (> = 69.63%,
P = .01). Because Basson et al. reported unadjusted OR
while others reported adjusted OR, we excluded this arti-
cle in sensitivity analysis. The heterogeneity reduced to an

Records identified through database
searching(N=1008)
Pubmed(N=292)
Embase(N=199)
Cochrane(N=9)

Web of science(N=508)

Additional records identified
through other source(N=10)
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Review and meta-analyses(N=40)
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Full-text articles assessed for eligibility(N=50)
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Studies included in qualitative synthesis(N=25)
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Studies included in qualitative synthesis(meta-
analyses)(N=25)
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Did not dichotimize vitamin D in low and high groups(N=4)
Vitamin D cut-off value didn't meet the inclusion criteria(N=6)
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outcomes(N=14)

Same cohort used in included study(N=1)

Figure 1. PRISMA flow diagram.

510



Shi et al. Vitamin D Deficiency and IBD

Turk J Gastroenterol 2021; 32(6): 508-518

Table 1. The Baseline Characteristics of the Studies

Vitamin D
Study No. of No. of No. of Deficiency
Study design Country Latitude Disease Patients Deficiency Normal Definition (ng/mL) QS
Olmedo et al.?® CSs Magala, Spain 36.72 CD+UC 224 65 159 <20
Domislovic et al."® CSs Zagreb, Croatia 4582 CD+UC 83 59 24 <20
Law et al.?” CSs Chandigargh, 30.73 UC 80 46 34 <20
India
Pallav et al.3° CS Jackson, USA 30.83 CD+UC 211 73 138 <20
Castro et al."” CS Guimardes, 41.43 CD+UC 76 23 53 <20 8
Portugal
Mentella et al.2® CSs Chicago, USA 4187 CD+UC 206 65 141 <20 7
Basson et al.™ CSs Cape Town 3392 CD 185 106 79 <30 9
Blanck et al."® CSs Philadelphia, USA 3995 UC 34 19 15 <30 9
Bhagavathula et al." PC Atlanta, GA, USA 33.756 CD+UC 148 80 68 <20 5
Tran et al.®” PC Cleveland, USA 41.47 CD+UC 112 76 36 <30 7
Bours et al.’® PC Amersfoort, 5292 CD+UC 281 160 121 <20 9
Netherlands
Frigstad et al.?° PC Norway 59.28 CD+UC 408 213 195 <20 7
Kabbani et al.?® PC Pittsburgh, USA 40.43 CD+UC 965 291 674 <30 8
Scotti et al.! RC Rome, Italy 41.9 CD+UC 300 186 114 <20 6
Torella et al.?? RC Buenos Aires, 34.33 CD+UC 59 39 20 <30 9
Argentina
Janssen et al.2® RC Freiburg, 53.85 CD+UC 384 232 152 <20 8
Germany
Bruyn et al.2* RC Amsterdam, 52.37 CD 101 55 46 <20 8
Netherlands
Ulitsky et al.3® RC Milwaukee, USA 43.03 CD+UC 504 241 263 <20 6
Chatu et al.”® RC London, UK 515 CD+UC 168 113 55 <20
Fuetal.? RC Vancouver, 4923 CD+UC 100 39 61 <20 5
Canada
Kyong et al.?¢ RC Seoul, Korea 3755 CD+UC 87 64 23 <20
Zullow et al.®® RC Baltimore, USA 39.23 CD+UC 255 99 156 <20
Hausmann et al.?? RC Frankfurt, 50.03 CD+UC 470 281 188 <30
Germany
Juneja et al.%® RC Washington, USA  38.88 CD+UC 156 122 34 <30
Zator et al.3* RC Boston, USA 5298 CD+UC 101 59 42 <30

CS, cross-sectional; PC, prospective cohort; RC, retrospective cohort; QS, quality score.

acceptable level (I? = 39.88%) which suggested the pool
conclusion was not robust (OR: 1.63, 95% CI: 1.09-2.44).

Race

Seven articles'® 1518212435 ere
association between race factor (non-Caucasian vs.

identified to describe

Caucasian) and vitamin D deficiency in IBD. There was no
heterogeneity (12 = 0%, P=.77), and a fixed-effects model
was selected. The pooled OR was 3.79, and 95% CI was
2.68-5.34 (Figure 4). Therefore, non-Caucasian could be
served as an independent risk factor. Meanwhile, sensitiv-
ity analysis did not find an obvious change in the overall
result (data not shown).
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OR Weight
Study with 95% CI (%)
Basson 2015 — 0.68[ 0.33, 138] 565
Blanck 2013 — 275[ 0.67, 1124] 181
Bours 2011 - 128[ 073, 225] 775
Chatu 2013 —— 140[ 0.62, 3.18] 4.54
Hausmann 2019 - 1.69[ 096, 297 7.68
Janssen 2019 -— 1.42[ 094, 2.15] 10.78
Juneja 2012 —— 206[ 0.89, 479 436
Kabbani 2016 - 196 [ 1.48, 2.59] 14.49
Kyoung 2019 _ 0.75[ 0.19, 2.99] 187
Law 2019 —_—— 0.72[ 030, 1.76] 3.9
Olmedo 2018 — 0.73[ 041, 131] 733
Torella 2018 — 330[ 0.56, 1951] 118
Ulitsky 2011 . LIS[ 083, 1.69] 1235
Zullow 2017 —— 1.69[ 1.02, 2.80] 8.77
Castro 2015 —_— 1.22[ 041, 3.58] 291
Zator 2014 —a— 0.89[ 039, 2.02] 455
Overall < 1.32] 108, 1.61]
Heterogeneity: t* = 0.05, I = 35.90%, H’ = 1.56

Test of q;= g Q(15) =23.07, p=0.08

Testof q=0:z=2.74,p=0.01

1/4 1 4 16
Random-—cffects REML model Favours to female ~ Favours to male

Figure 2. Vitamin D deficiency and gender.

Disease Type

A total of 17 studies'61820-232526.2830-37 gnglyzed the associ-
ation between type of IBD disease (CD vs. UC) and vitamin
D deficiency. No obvious asymmetry was observed for the
funnel plot, and Egger's test further indicated there was
no significant publication bias (Egger's test P = .4764).
The pooled result of disease type (Figure 5) suggested
that CD was associated with an increased risk of vitamin
D deficiency in patients with IBD (pooled OR: 1.38, 95%
Cl: 1.21-1.56). Mild heterogeneity was found (> = 29.16 %,
P =.13), and fixed-effects model was selected. Sensitivity
analysis suggested that the pool conclusion was robust

(data not shown). Subgroup analysis and meta-regression
analysis did not find the source of heterogeneity.

Season

A total of 6 studies'®'5182338137 gnalyzed the associa-
tion between season (winter vs. summer) and vitamin
D deficiency in IBD. The pooled result of the season
(Figure 6) suggested winter was associated with vitamin D
deficiency (pooled OR: 1.82,95% Cl:1.16-2.87). Moreover,
there was moderate heterogeneity reported (1> = 50.40%,
P = .05). Sensitivity analysis suggested that the pooled
conclusion was not robust after removing the study of
Scotti et al. (OR: 1.49, 95% CI: 0.99-2.23, > = 13.20%).
Subgroup analysis showed that winter was a risk factor
(pooled OR: 2.49, 95% CI: 1.69-3.67, 12 = 17.34%) among
studies with adjusted OR, but there was no statistical sig-
nificance among studies with unadjusted OR (pooled OR:
0.88, 95% CI: 0.47-1.65, I = 0%) (Table 2). There was a
statistical difference between the subgroup (test for sub-
group differences P < .05). Therefore, we preferred the
cautious view that winter was an independent risk factor.

Disease Activity

For the factor of active disease, 14 clinical research
studies!®15-17.202223.25-288233  fylfilled the inclusion crite-
ria. We noted that active disease was associated with an
increased risk of vitamin D deficiency (pooled OR: 1.85,
95% Cl: 1.61-2.13, I? = 25.64 %) (Figure 6, 7). Sensitivity
analysis suggested the pooled conclusion was robust and
not altered by sequential excluding individual study. In
meta-regression analysis, covariate did not impact the

Table 2. Subgroup Analysis of Studies Evaluating the Relationship Between Gender, Season, Immunomodulator, and Vitamin D

Deficiency

Risk factor-Subgroups

No. of Studies

OR (95% Cl) P-Value for Heterogeneity

Gender-Vitamin D cutoff value

20 ng/mL 10

30 ng/mL 6

Overall 16
Season-unadjusted and adjusted OR

Unadjusted OR

Adjusted OR 4

Overall

Immunomodulator-study design type
Cross-sectional study/retrospective cohort study 7
Prospective cohort study

Overall

1.16 (0.95-1.14) 39
1.84 (1.47-2.31) 53
1.32 (1.08-1.61) .08
0.88 (0.47-1.65) 95
2.49 (1.69-3.67) 45
1.82 (1.16-2.87) .05
0.78 (0.62-0.99) 6

1.83 (0.99-3.39) 19
0.96 (0.70-1.32) 01
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OR Weight OR Weight
Study with 95% CI (%) Study with 95% CI (%)
Basson 2015 — 0.57[ 0.30, 1.08] 19.94 Basson 2015 — 0.87[ 0.44, 1.74] 17.83
Pallav 2017 — 1.06 [ 0.59, 1.911 20.79 Blanck 2013 E—— 0.92[ 0.22, 3.92] 7.46
Frigstad 2016 CD —&—— 1.95[ 1.03, 3.70] 19.84 Chatu 2013 ———®&— 1.60[ 0.50, 5.16] 10.06
Frigstad 2016 UC — T 1.31[ 0.66, 2.61] 18.89 Janssen 2019 CD +—®—250[ 0.96, 6.52] 1291
Mentella 2019 —&—257[ 141, 470] 20.53 Janssen 2019 UC —_— 1.60 [ 0.60, 4.23] 12.68
Overall — 1.32[ 0.79, 2.20] Scotti 2018 —8— 3.60[ 2.20, 5.90] 2233
Heterogeneity: = 0.24, I’ = 69.63%, H' = 3.29 Tran 2017 T ®—— 205[ 097, 431] 1673
Test of g, = q;: Q(4) = 13.28, p = 0.01 Overall PR 1.82[ 1.16, 2.87]
Test of q=0: z=1.07, p = 0.29 Heterogeneity: £ = 0.18, I' = 50.40%, H* = 2.02
12 2 2 Test of g, = q;: Q(6) = 12.61, p=0.05
Random—effects REML model Favours to BMI<25kg/m*  Favours to BMI>25kg/m* Testof q=0:z=2.59,p=0.01
U4 12 IR
Figure 3. Vitamin D deficiency and BMI. Random-effects REML model Favours o summer - Favours o winter
Figure 6. Vitamin D deficiency and season.
OR Weight OR Weight
Study with 95% CI (%) Study with 95% CI (%)
Basson 2015 — 238[ 112, 5.05] 20.95 Basson 2015 — 253[ LI, 577] 290
Bhagavathula 2011 —a— 3.77[ 1.89, 7.50] 24.98 Frigstad 2016 CD -1 121[ 0.58, 2.53] 3.64
Blanck 2013 —_— 2.32[ 038, 14.12]  3.63 Frigstad 2016 UC T 1.59[ 074, 3411 339
Bruyn 2014 ——————=————8.65[ 1.86, 40.22] 5.01 Hausmann 2019 — 201[ 110, 3.68] 539
Chatu 2013 CD —————=————— 600[ 1.63,22.10] 6.97 Janssen 2019 T 1.87[ 077, 4.56] 250
Chatu 2013 UC e 500[ 139, 1803] 720 Kabbani 2016 - 169[ 137, 208] 4615
Fu2012 - 309[ 120, 790] 1438 Kyoung 2019 506( 187, 13.67) 2.00
Zullow 2017 — 5.02[ 2.17, 11.61] 1686 Law 2019 T 1800 072, 4.54] 232
Olmedo 2018 —_— 4.53[ 242, 846] 5.05
Overall > 3.79[ 268, 534]
. R Torella 2018 237[ 0.69, 8.14] 130
Heterogeneity: I' = 0.00%, H" = 0.58
Mentella 2019 CD — 2.23[ 0.10, 49.34] 021
Test of g; = q;: Q(7) =4.09, p=0.77
Mentella 2019 UC 2.69[ 0.06, 115.93] 0.14
Testof q=0:z=7.58, p=10.00
. T r . Blanck 2013 433[ 1.02, 1838] 0.95
12 2 8 3
Favours to Caucasian Favours to non—Caucasian Castro 2015 373[ 132, 1055]  1.82
Fixed—effects inverse—variance model Bours 2011 da 131 0.83 206]  9.56
. ) . - Ulitsky 2011 - 1770 119,  2.63] 1269
Figure 4. Vitamin D deficiency and race.
Overall ¢ 1.85[ 1.61, 2.13]
Heterogeneity: I = 25.64%, H' = 1.34
Test of g; = q;: Q(15) =20.17,p=0.17
Testof q=0:z=8.61, p=0.00
) e 12 ‘
OR Weight ) . Favours to disease in remission  Favours to disease in activity
Study with 95% CI (%) Fixed—effects inverse—variance model
Bours 2011 - 110 064, 1.89] 546 Figure 7. Vitamin D deficiency and disease activity.
Chatu 2013 —_— 0.89[ 045, 1.75]  3.50
Frigstad 2016 — 182[ 123, 2.71] 10.15 . . . L. .
Fu2012 N 128] 0356, 289] 238 risk of vitamin D deficiency. In addition, the funnel plot
Hausmann 2019 —— 143 0.98, 2.07) 1140 seems to be asymmetric with the P-value for the Egger's
Janssen 2019 T 1.32[ 085,205 8.22 test was .0435. After further trim and fill the funnel plot,
Juneja 2012 —_— 0.79[ 035, 1.77]  2.44 he f | ol b ical d th bined
Kabbani 2016 e 100[ 075, 133] 1985 the funnel plot became symmetrical, and the combine
Kyoung 2019 _ 102 039, 266] 175 conclusion (pooled OR: 1.66, 95% ClI: 1.46-1.90) still indi-
Mentella 2019 182[ 100, 329] - 4.52 cated statistical significance.
Pallav 2017 B — 196[ 107, 3.60] 4.30
Scotti 2018 — 280 1.70, 461] 642
Torella 2018 — 223[ 054, 9.13]  0.80 IBD-Related su’gery
Tran 2017 e 1.47[ 0.76, 2.83]  3.68 F h ]C f |BD | d d f: d b | |
Ulitsky 2011 _ 124] 080, 152] 830 or the factor o -related surgery defined by ileoceca
Zullow 2017 169[ 0.96, 2.99] 491 resection, small bowel resection, or subtotal/total colec-
Zator 2014 ] 14300383551 192 tomy, 9 clinical studies 3171923283133 fy[filled the inclusion
Overall ) * 1381 121, 156] criteria. The pooled result of surgery (Figure 8) showed
Heterogeneity: I" = 29.16%, H" = 1.41 h . . h h f b | H h d
Testof .~ q; Q16) = 22.59, p = 0.13 that patients with a history of bowel resection had a
Testof g = 0: 2= 4.96, p = 0.00 higher risk of vitamin D deficiency (pooled OR: 1.61, 95%
12 2 4 8

Fixed—effects inverse—variance model

Favours to UC  Favours to CD

Figure 5. Vitamin D deficiency and disease type.

Cl: 1.38-1.89, I? = 0%). In the sensitivity analysis, the con-
clusion was robust when we removed any singular clinical
study (data not shown).
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OR Weight OR Weight
Study with 95% CI (%) Study with 95% CI (%)
Basson 2015 - 1.57[ 081, 3.02] 5.78 Basson 2015 E— 1.00[ 0.42, 2.38] 20.58
Chatu 2013 _— 290[ 1.08, 7.81] 2.54 Chatu 2013 — % 1.10[ 048, 2.51] 22.68
Domislovic 2018 4.04[ 1.11, 1472] 149 Janssen 2019 — 8@  124[ 071, 2.15] 50.66
Janssen 2019 - 1.90[ 0.84, 430] 3.74 Blanck 2013 0.54[ 0.11, 2.66]  6.08
Kabbani 2016 - 1.62[ 133, 1.97] 64.58 Overall PN 1.10[ 0.74, 1.63]
Scotti 2018 —_— 230[ 1.16, 4.55] 535 Heterogeneity: I* = 0.00%, H> = 0.33
Torella 2018 —_— 1.32[ 023, 7.60] 0.81 Test of g = g Q(3) = 0.99, p = 0.80
Ulitsky 2011 —t— 1.13[ 073, 1.73] 13.58 Testofq=0:z=0.47, p = 0.64
Castro 2015 —_—T 1.35[ 045, 3.99] 2.11 18 14 12 3
Overall * 161 1.38, 1.89] Fixed-offects inverso—variance m‘fgevlours to no exposure to 5-ASA  Favours to exposure to S-ASA
Heterogeneity: I' = 0.00%, H’ = 0.92
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Figure 8. Vitamin D deficiency and IBD-related surgery.

Smoking

Combining effect sizes calculated from 10 stud-
ies!318:2023.2526,29323335 hased on the comparison between
the smoking group and non-smoking group demon-
strated an overall non-significant effect size of 1.19 (95%
Cl: 0.98-1.45, I? = 4.96%) (Figure 9). Sensitivity analysis
was conducted by omitting the study of Kabbia et al.,
and the pooled conclusion was changed (pooled OR: 1.31,
95% CI: 1.05-1.65). Not obvious heterogeneity or pooled
conclusion change was detected in subgroup analysis. In
meta-regression analysis, the sample size, which could
explain 99.99% heterogeneity, may be a source of het-
erogeneity (P = .05). However, the funnel plot for smok-
ing demonstrated the asymmetric distribution of studies,
and the Egger's test showed publication bias (P =.0403).
After further trim and fill the funnel plot, the funnel plot
became symmetrical, and the combined conclusion
(pooled OR: 1.07, 95% CI: 0.90-1.27) still suggested that
smoking was not a risk factor.

OR Weight
Study with 95% CI (%)

Basson 2015 —
Chatu 2013 =
Frigstad 2016 CD —
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Figure 9. Vitamin D deficiency and smoking.

Exposure to Drugs

5-Aminosalicylic Acid (5-ASA)

A total of 4 studies'®'5'823 were included for the factor of
5-ASA. Previous exposure to 5-ASA was not relevant to
vitamin D deficiency in IBD (OR: 1.10, 95% CI: 0.74-1.63,
I2=0%) (Figure 10). Sensitivity analysis indicated that the
result was robust (data not shown).

Steroid

A total of 7 studies'®'52325272932 were included for the
factor of using steroid during the study procedure. We
did not evaluate the publication bias because less than
10 studies were included. Exposure to steroids increased
the risk of vitamin D deficiency in IBD (OR: 1.61, 95% CI:
1.28-2.03, I? = 0%) (Figure 11). Sensitivity analysis sug-
gested that this model is robust (data not shown).

Immunomodulators

A total of 9 studies'®71823-25293334 were included for the
factor of immunomodulators. The result suggested that
ever exposure to immunomodulators was not a risk factor
for vitamin D deficiency (pooled OR: 0.96, 95% CI: 0.70-
1.32) (Figure 12) with high heterogeneity (° = 57.56%).
The high observed heterogeneity disappeared (12 = 0%),

OR Weight

Study with 95% CI (%)
Basson 2015 —_—t 1.00[ 024, 4.14] 2.66
Janssen 2019 -1 1.31[ 0.66, 2.59] 11.60
Kabbani 2016 1.59[ 121,  2.10] 69.67
Olmedo 2018 B S 2.09[ 0.79, 5.56] 5.60
Torella 2018 — 271[ 0.68, 10.82] 2.80
Blanck 2013 12.60[ 1.37, 115.97] 1.09
Law 2019 o e 1.48[ 0.60, 3.65] 6.59
Overall L 2 1.61[ 1.28, 2.03]
Heterogeneity: I'= 0.00%, H’=0.82
Test of q; = q;: Q(6) =4.94, p=0.55
Test of q=0: z=4.04, p=0.00
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. . Favours to no exposure to steroid  Favours to exposure to steroid
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Figure 11. Vitamin D deficiency and steroid.
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OR Weight

Study with 95% CI (%)
Basson 2015 — 0.49[ 0.25, 0.99] 10.51
Bruyn 2014 —=—3.19[ 1.09, 9.32] 6.17
Castro 2015 —_— 1.55[ 0.56, 4.28] 6.67
Chatu 2013 —_— 0.80[ 0.38, 1.70]  9.70
Janssen 2019 — 0.76 [ 0.46, 1.25] 14.14
Kabbani 2016 —— 1.53[ 1.15, 2.04] 1841
Olmedo 2018 —— 0.97[ 0.54, 1.74] 12.51
Ulitsky 2011 —— 0.80[ 0.50, 1.26] 14.92
Zator 2014 —_— 0.54[ 0.20, 1.43] 6.97
Overall - 0.96[ 0.70, 1.32]
Heterogeneity: t* = 0.12, I’ = 57.56%, H’ = 2.36
Test of q; = q;: Q(8) =21.07, p=0.01
Test of q=0:z=-0.22, p=0.82
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Figure 12. Vitamin D deficiency and immunomodulators.

but the combined conclusion did not change (pooled OR:
0.84, 95% CI: 0.66-1.05) after excluding the study of
Kabbia et al. in the sensitivity analysis. Table 2 also sum-
marizes subgroup analysis on study type forimmunomod-
ulators (cross-sectional study/retrospective cohort study
vs. prospective cohort study). In cross-sectional study/
retrospective cohort study subgroup, immunomodula-
tors may be a protecting factor for vitamin D deficiency.
Still, the upper limit of the 95% CI was 0.99, which was
very close to 1.00, suggested we need to be very careful to
explain the result. In meta-regression analysis, the study
type could explain 100% heterogeneity.

Biologics

A total of 8 studies' 8222325293233 \yere included for
the factor of biologics. Previous exposure to biolog-
ics increased the risk of vitamin D deficiency in IBD
patients (OR: 1.78,95% Cl: 1.48-2.14, > = 0%) (Figure 13).
Sensitivity analyses indicated that the conclusion was
robust (data not shown).
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Study with 95% CI (%)
Chatu 2013 _ 0.90[ 0.31,2.60] 3.06
Hausmann 2019 2.86[ 1.23, 6.64] 4.84
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Figure 13. Vitamin D deficiency and biologics.

DISCUSSION

This systematic review and meta-analysis provide a com-
prehensive overview and critical assessment of risk fac-
tors for vitamin D deficiency in IBD. A total of 12 factors,
including general characteristics (gender, BMI, ethnicity),
disease type, disease activity, season, surgery, smoking,
and drug exposures, have been studied. Among these,
we identified risk factors included non-Caucasian, CD,
disease activity, IBD-related surgery, exposure to steroid,
and biologics with moderate- to high-quality evidence.
Also noted, males were a risk factor only in the 30 ng/mL
cutoff value subgroup, but not in the 20 ng/mL subgroup.
As for the season, winter presented as a risk factor in the
adjusted OR subgroup but not in the unadjusted OR sub-
group. 5-ASA and smoking were unrelated to vitamin D
deficiency. For BMI, winter season, and immunomodu-
lators, due to the high heterogeneity, it is still not clear
whether there is an association with vitamin D deficiency,
and more high-quality and large-sample studies needed
to be included to draw a conclusion.

For the race, non-Caucasian have a higher risk of vitamin
D deficiency. As we all know, vitamin D status is influ-
enced by solar ultraviolet (UV) exposure of the skin, but
that dark skin pigmentation can reduce the amount of UV
permeation.*! Thus, people with darker skin have higher
melanin content, which may have a negative effect on
vitamin D synthesis. For disease type, a previous meta-
analysis showed that UC had greater odds of vitamin
D deficiency in comparison to CD (11), but our studies
concluded the opposite result. Compared with UC, the
relationship between vitamin D and CD may be more
targeted. It has been reported that CD-sensitive genes
(NOD2 and ATG16L1) can be induced by the active form
of vitamin D.*24% VDR is genetically polymorphic, which
has 4 alleles of Apal, Bsml, Fokl, Tagl. Among these, Apal
is believed to increase the risk of CD.** CD most com-
monly involves the terminal ileum, which is the main
site of vitamin D absorption. Still, UC mainly affects the
rectum and the distal colon. This may also be one of the
reasons. For surgery, the most included studies did not
specify the type of surgery, so our meta-analysis did not
further quantify the impact of different procedures on
vitamin D deficiency. Some studies had involved ileec-
tomy,'®'® which can disrupt the enterohepatic circulation
of bile salts, resulting in fat-soluble vitamin deficiencies.
Previous meta-analyses concluded that patients with
active CD were more likely to enhance the risk of vitamin
D deficiency for disease activity.'?*> Recently, a meta-
analysis by Gubatan et al.*® concluded that the risk of
vitamin D deficiency is high in patients with active IBD.
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A similar conclusion emerged from our study. Vitamin D
deficiency may result from undernutrition or malabsorp-
tion. Also, at the active stage of IBD, people may feel
discomfort and reduce outdoor activities. Some studies
had shown that IBD patients with low 25(OH) D status
are related to poor quality of life.334¢ On the other hand,
when the condition worsens, it may lead to the activa-
tion of inflammatory factors, inhibit the proliferation of
osteoblasts, and stimulate osteoclasts’ production, which
leads to osteoporosis. Steroids are mainly used in patients
with moderate to severe IBD to induce remission, and our
research has proved that disease activity is a risk factor
for vitamin D deficiency. The use of biologics is also a risk
factor. Vitamin D, on the one hand, can regulate the TNF-
mediated pro-inflammatory pathway.'®* On the other
hand, patients treated with biologics are more likely to be
affected by the active severe disease, increasing the risk
of vitamin D deficiency.

For women, it is less likely to lack vitamin D, because they
have more estrogen to stimulate the secretion of para-
thyroid hormone, which can promote the production of
active vitamin D. Therefore, premenopausal women are
less likely to suffer from vitamin D deficiency. On the
contrary, the probability of males suffering from vita-
min D deficiency greatly increases. Such a theory was
also applicable in patients with IBD. However, when the
cutoff value of vitamin D deficiency is defined as below
20 ng/mL, males were not a risk factor in our study. The
level of 20 ng/mL to define vitamin D deficiency is based
on bone health. There is no current optimal cutoff of vita-
min D for immune function. A meta-analysis has shown
that the low level of vitamin D in patients with IBD is rela-
tive to poor clinical prognosis.*®¢ However, this study did
not clarify whether the threshold for vitamin D deficiency
should be raised. Therefore, we should conduct more
high-quality research to clarify the lack of cutoff value.

As for 5-ASA, we concluded the result from 4 stud-
ies that 5-ASA was not related to vitamin D deficiency;
more relevant research should be included to increase
the credibility of the conclusion. Smoking increases the
recruitment of immune cells, upregulates the expression
of various cytokines, and induces autophagy and apopto-
sis, which can affect immune regulation.*’ In non-Jewish
white individuals, smoking may be protective against UC,
and elevate the risks of CD." There have been reported
that concentrations of 25(0OH)D in patients with CD
were decreased in smokers compared with nonsmok-
ers.*8 However, we concluded the opposite conclusion in
our meta-analysis. A threshold may exist in the amount

smoked with regard to vitamin D deficiency. We hope
more research in this field will be published to refine the
further analysis.

Considering BMI, several studies suggested there was
an inverse association between BMI and the 25(OH)
D.#®5%0 The reason could be explained by the fat-soluble
vitamin D, which has a greater distribution in the body
for people with high BMI. However, the fact is that we
were unable to identify the correlation between BMI and
vitamin D concentrations due to the limited number of
included studies. Considering immunomodulators, in the
included studies, except for the study by Chatu et al,
others were not adjusted for confounding factors. The
conclusion in the non-prospective subgroup suggested
that it is a protective factor, which needs to be treated
with caution because the upper limit of 95% Cl is nearly
equal to one, and more studies need to be included. In
addition, the dose and course of treatment of immuno-
modulators in the study were not unified. So we need to
include more high-quality research for future analysis.
For the winter season, as shorter sun exposure and cloth-
ing issues would generally lead to vitamin D deficiency.
However, in our meta-analysis, heterogeneity existed
may be due to the latitude of the geographic region and
the baseline characteristics of the studied population. In
addition, some included studies did not perform multivar-
iate analysis for confounding factors or only adjusted for
a few important factors. In future studies, more relevant
confounders should be assessed to improve the credibil-
ity of our result.

The strengths of our meta-analysis lie in the large-
sample subjects and comprehensive coverage of the
risk of vitamin D deficiency in IBD. Additionally, in the
meta-analysis we conducted, the heterogeneity of most
results was mild or non-existent. However, several limi-
tations of our meta-analysis need to be considered. First,
in the included studies, vitamin D deficiency was defined
in different cutoff levels. Different classification criteria
may lead to a certain degree of heterogeneity, although
we carried out a subgroup analysis based upon this.
Second, some original studies did not adjust for poten-
tially relevant confounding factors; some only adjust the
major potential confounders, so the residual confound-
ers may still exist, and any factors could result in biased
estimates.

In conclusion, our meta-analysis identified 7 risk factors,
2 unrelated factors, and 3 uncertain factors. It appears
important to monitors and takes vitamin D regularly
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when risk factors are present. Regarding the unre-
solved influencing factors in the article, research should
be intensified. For the use of drugs, it is best to have
research on drug dosage and duration of treatment to
provide strong evidence for further guidance on clinical
medication.
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