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High prevalence of vitamin D
deficiency in Taiwanese patients
with inflammatory bowel disease

Chen-TaYang'?, Hsu-Heng Yen'?**, Pei-Yuan Su'?, Yang-Yuan Chen?3 & Siou-Ping Huang'2

Vitamin D deficiency is common in patients with inflammatory bowel disease (IBD). In this study, we
aimed to evaluate the prevalence and risk factors of vitamin D deficiency in a Taiwanese IBD cohort.
Vitamin D levels were checked in adult patients with IBD who were treated at Changhua Christian
Hospital, a medical center in central Taiwan, from January 2017 to December 2023. The risk factors
for vitamin D deficiency were evaluated. 106 adult IBD patients were included, including 20 patients
with Crohn’s disease and 86 with ulcerative colitis. The median age at diagnosis was 39.2 years.

The mean vitamin D level was 22.2 + 8 ng/mL. Forty-five patients (42.5%) had vitamin D deficiency
(vitamin D level < 20 ng/mL). Comparing patients with normal vitamin D levels and those with vitamin
D deficiency after multivariate adjustment, female sex and early age at diagnosis were identified as
statistically significant risk factors. We found a prevalence of 42.5% of vitamin D deficiency in the
Taiwanese IBD population. Understanding this issue is essential for teaching patients and doctors
about vitamin D deficiency screening and improving patient outcomes.
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Inflammatory bowel diseases (IBD), including ulcerative colitis (UC) and Crohn’s disease (CD), are chronic
inflammatory disorders of the gastrointestinal tract that require lifelong treatment to achieve sustained remission
and to prevent disease flares. UC is a continuous disease involving the mucosal layer of the rectum to the colon,
whereas CD involves the whole layer (transmural) of the gastrointestinal tract with a skipped pattern. Because
of chronic inflammation of the bowel which interferences absorption of micronutrients' and frequent steroid
treatment in IBD patients, vitamin D deficiency is an important issue in this population. Vitamin D deficiency
is associated with disease activity*® and results in decreased bone marrow density and fracture events in IBD
patients®!!. The prevalence of vitamin D deficiency ranges from 22 and 63% according to different studies which
use different reference value to define deficiency®>”*!21>, The etiologies of IBD are multi-factorial, comprising
interactions between genes, the environment, the immune system, and microbiota!®!’, Epidemiologic research
has shown that IBD is more frequently diagnosed at higher altitudes'® and during winter'®, suggesting a con-
nection between its development and vitamin D deficiency. Traditionally, vitamin D plays a role in bone and
mineral metabolism, but recent evidence shows that it also plays a role in the pathogenesis of several autoimmune
disorders®*?! and IBD?, as well as serving as an immune-regulatory factor between the host immune system
and gut microbiota®*,

Globally, vitamin D deficiency, defined as a concentration <20 ng/mL (50 nmol/L) according to the Endo-
crine Society guideline?, is common in the general population across all age groups?. Vitamin D deficiency is
associated with many health problems such as chronic kidney disease?’~?°, diabetes mellitus?>*’, cardiovascular
disease’, cerebrovascular disease®?, certain types of malignancy®, and autoimmune disease”?!. However, it
remains unclear whether a lack of vitamin D leads to the development of these disorders or whether it is a
symptom. Vitamin D has been shown to have an immune modulatory role and may be implicated in the etiol-
ogy of diseases. Moreover, a lack of vitamin D frequently arises because of chronic disorders. The major source
of vitamin D originates from skin production by exposure to ultraviolet B radiation from sunlight, with only
a small part obtained from food. Many factors are associated with vitamin D deficiency, including insufficient
sunlight exposure, reduced dietary sources, lack of physical activity, chronic kidney disease that reduces the renal
transformation of active vitamin D, and malabsorption or intestinal inflammation>%34-%,
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Vitamin D deficiency is a recognized problem among patients with IBD as well as the general population®*>%?7,

A meta-analysis of 14 studies by Rita et al.*, comprising 1891 patients (938 patients with IBD and 953 controls),
showed that patients with IBD had 64% higher odds of vitamin D deficiency than controls (OR: 1.64, 95% CI
1.30-2.08). Nonetheless, most reported cases were from regions with a high prevalence of IBD, and data from
the Asian population is limited. In Taiwan, the incidence and prevalence of IBD are increasing®. Therefore, it is
crucial to determine the prevalence of vitamin D insufficiency in this growing population. The aim of this study
was to examine the prevalence and risk factors of vitamin D insufficiency in a Taiwanese IBD cohort.

Materials and methods

Study design and patients

This study was conducted at a tertiary medical center in central Taiwan, enrolling adult IBD patients who partici-
pated in a prospective observational registry study. Informed consent was obtained from all subjects who partici-
pated this study. Patients who had check-ups for vitamin D concentrations between January 2017 and December
2023 were included in this analysis. IBD was diagnosed through clinical symptoms, signs, an endoscopic image,
and histological confirmation with a catastrophic illness certificate from Taiwan Health Insurance. The inclusion
criteria included a diagnosis of either Crohn’s disease or ulcerative colitis certified by the Ministry of Health and
Welfare of Taiwan. The exclusion criteria included patients aged < 20 years at the date of vitamin D concentration
check-up. Demographic, clinical (e.g., disease activity, extent of GI tract involvement, and modality of treatment),
and laboratory data were collected. The modality of treatment included steroids, 5-aminosalicylic acid (5-ASA),
biologics, and azathioprine (AZA). Recent use of medication is defined as within 3 months of measurement of
vitamin D. Laboratory data included white blood cell (WBC) count, hemoglobin (Hb), platelet count, albumin,
and c-reactive protein (CRP). Risk factors for vitamin D were evaluated from the patients’ medical records. The
study was approved by the Institutional Review Board (IRB) of Changhua Christian Hospital (IRB number: CCH
IRB No. 181014, date of approval: November 26, 2018).

Laboratory studies

The serum vitamin D concentration (25-OH vitamin D total) was quantitatively measured using the electro-
chemiluminescence method via a Cobas® immunoassay analyzer from Roche Diagnostics, Mannheim, Germany.
Before May 15, 2020, we used Elecsys Vitamin D Assay, and after May 15, 2020, we used Elecsys Vitamin D Total
I1, which is a second-generation assay. The results are expressed in nanograms per milliliter (ng/mL). Vitamin
D deficiency is defined as a concentration < 20 ng/mL, while a normal level is defined as>20 ng/mL, including
insufficient (between 20 and 29 ng/mL) and sufficient (>30 ng/mL) vitamin D levels.

Definition of remission

The definition of clinical remission of CD is a Crohn’s disease activity index (CDAI) of < 150*. The CDAI is
composed of eight clinical or laboratory variables with different weights and ranges from 0 to 600. The defini-
tion of clinical remission in UC is a Mayo score of <3 points (including 0, 1, or 2)*!. The Mayo score consists of
four parts of sub-scores (0-3), including rectal bleeding, stool frequency, physician assessment, and endoscopy
appearance, with a total possible score of 0-12.

Statistical analysis

Categorical variables are presented as numbers and percentages. Continuous data are expressed as mean and
standard deviation or as the median and interquartile range (IQR) for normally and non-normally distributed
data, respectively. The distribution of continuous variables was examined by one-sample Kolmogorov-Smirnov
test. Categorical variables were compared by the chi-square test or the Fisher’s exact test; continuous variables
were compared by Student’s t-test or the Mann-Whitney U-test, as appropriate. Multivariable logistic regres-
sion analysis was performed to identify factors associated with vitamin D deficiency. In the multivariate adjust-
ment model with backward elimination, data were adjusted for age, duration from disease onset to vitamin D
measurement, sex, clinical remission, treatments (e.g., steroids, 5-ASA, biologics, and AZA), laboratory data
(WBC count, Hb, platelet count, albumin, and CRP), IBD subtypes, and abdominal surgery. Statistical analysis
was performed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY). P values < 0.05
were considered statistically significant.

Results
A total of 106 adult patients with IBD who fulfilled the inclusion criteria were included, including 20 patients
with CD and 86 with UC. The median age at diagnosis was 39.2 years, with a predominant male population
(57.5%). The comparison of baseline characteristics between patients with CD and those with UC are shown in
Table 1. The mean vitamin D concentration was 22.2 + 8 ng/mL in the whole study population, 24.7 +7.4 ng/mL
in patients with CD, and 21.6 £ 8.1 ng/mL in patients with UC. According to the level of vitamin D, 45 patients
(42.5%) had vitamin D deficiency, 44 patients (41.5%) had vitamin D insufficiency, and 17 patients (16.0%) had
a sufficient vitamin D level (Table 1). According to the subgroups of vitamin D sufficiency, insufficiency, and
deficiency, the mean 25-OH vitamin D total was higher in patients with CD than those with UC (sufficiency:
37(3.3] vs. 34.9[1.5], insufficiency: 25.4[0.6] vs. 24.1[0.5], deficiency: 15.8[1.9] vs. 14.9[0.6]) as shown in Fig. 1.
Among the whole study population, 56 patients (52.8%) remained in clinical remission. The patients with CD
presented a higher percentage of the stricturing type (45%), followed by non-stricturing and non-penetrating
type (30%), penetrating type (15%), and perianal fistula (10%). Additionally, among patients with UC, 38.4% of
patients had extensive colitis, 34.9% had left-side colitis, and 26.7% had proctitis. For recent IBD medications,
including steroids, 5-ASA, and biologics, there was no significant difference between the CD and UC groups,
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All patients CD ucC
Variables (n=106) (n=20) (n=86) P value
Age at diagnosis, year, median (IQR) 39.2 (30.2-52.2) |43.6 (27.2-57.2) 39.2 (30.4-50.8) 0.55
gzg?;ir?r(llg%r)n disease onset to vitamin D measurement, year, 2(1-7) 3(0.5-9.5) 2(1-7) 0.794
Sex, male, n (%) 61 (57.5%) 16 (80.0%) 45 (52.3%) 0.024
Clinical remission, n (%) 56 (52.8%) 11 (55.0%) 45 (52.3%) 0.829
Recent steroids, n (%) 24 (22.6%) 5(25.0%) 19 (22.1%) 0.772
Recent 5-aminosalicylic acid, n (%) 82 (77.4%) 14 (70.0%) 68 (79.1%) 0.385
Recent biologics, n (%) 4 (3.8%) 2 (10.0%) 2(2.3%) 0.161
Recent azathioprine, n (%) 10 (9.4%) 5(25.0%) 5(5.8%) 0.02
Laboratory data
White blood cell count, 10°/pL, mean +SD 72%2 74+18 72%2 0.711
Hemoglobin, g/dL, median (IQR) 13.7 (12.4-14.5) |13.8(11.6-14.3) 13.7 (12.5-14.6) 0.608
Platelet count, 10>/uL, mean+SD 298.8+£95.1 325.3+86.2 292.9+96.5 0.182
Neutrophil, %, mean +SD 65.7+9.2 68.7+8.6 65+9.2 0.109
Lymphocyte, %, median (IQR) 24.5(18.1-29.4) | 21.5(14.1-24.7) 25.2 (19.4-29.8) 0.068
Albumin, g/dL, median (IQR) 4.4 (4.1-4.5) 4.3 (3.9-4.5) 4.4 (4.1-4.5) 0.368
C-reactive protein, mg/dL, median (IQR) 0.13 (0.07-0.51) | 0.17 (0.07-1.72) 0.13 (0.06-0.47) 0.203
25-OH vitamin D total, ng/mL, mean +SD 22.2+8 24.7+74 21.6+8.1 0.111
Level of vitamin D, n (%) 0.129
Deficiency (<20 ng/mL) 45 (42.5%) 5(25.0%) 40 (46.5%)
Insufficiency (20 -29 ng/mL) 44 (41.5%) 12 (60.0%) 32 (37.2%)
Sufficiency (=30 ng/mL) 17 (16.0%) 3 (15.0%) 14 (16.3%)
Abdominal surgery, n (%) 6 (5.7%) 6 (30.0%) 0 (0.0%) <0.001
CD location, n (%), L1 /L2 /L3 /L4* - 7 (35.0%)/2 (10.0%)/10 (50.0%)/1 (5.0%) -
CD behavior, n (%), B1/B2/B2p B3/B3p# - 6 (30.0%)/9 (45.0%)/1 (5.0%)/3 (15.0%)/1 (5.0%) | - -
UC location, n (%), E1 /E2 /E3$ - - 23 (26.7%)/30 (34.9%)/33 (38.4%) | -

Table 1. Baseline characteristics of the IBD population (comparisons between patients with CD and UC).

*L1 for disease in the terminal ileum, L2 for disease in the colon, L3 for ileocolonic disease, and L4 for
concomitant upper gastrointestinal diseases. #B1 non-stricturing and non-penetrating, B2 stricturing disease,
B2p stricturing disease with perianal fistulas, B3 penetrating disease, and B3p penetrating disease with perianal
fistulas. $E1 proctitis, E2 left-sided colitis, and E3 pancolitis. CD Crohn’s disease, UC ulcerative colitis, SD
standard deviation, IQR interquartile range, uL microliter, g/dL gram per deciliter, mg milligram, 25-OH
25-hydroxy, ng/mL nanogram per milliliter.

but more patients with CD had recent AZA (25% in the CD group and 5.8% in the UC group). The laboratory
data showed no significant difference between the CD and UC groups. Six patients had abdominal surgery, all
of whom were in the CD group.

Table 2 shows the comparisons between the groups with a normal vitamin D level and those with a deficiency.
The vitamin D deficient group had less males (37.8%) (p <0.001). Among several laboratory parameters, signifi-
cantly increased leukocyte counts (7.8 £2.1 vs. 6.8 £ 1.8 *10%/pL, p=0.012) and significantly decreased Hb levels
(13 [11.6-14.3] vs. 14 [13-14.9] g/dL, p=0.006) were found in the vitamin D deficient group. Moreover, there
was a trend toward younger age at diagnosis in the group with vitamin D deficiency (35.5 [28.2-48.9] vs. 43.3
[30.9-54.1], p=0.060), but no significant difference in the duration from disease onset to vitamin D measure-
ment between the two groups (median 3 and 1 years for patients with normal and deficient vitamin D levels,
respectively; p=0.422).

Table 3 illustrates the risk factors related to vitamin D deficiency. The results revealed no significant differ-
ence between patients with and without vitamin D deficiency in terms of the medications, percentage of patients
in clinical remission, or abdominal surgery for IBD. Increased age at diagnosis (OR: 0.95, 95% CI 0.92-0.99,
p=0.007) and male sex (OR: 0.23, 95% CI 0.09-0.63, p=0.004) are linked to a considerably lower odds ratio
after multivariate adjustment. In other words, early age at diagnosis and female sex were identified as statistically
significant risk factors of vitamin D deficiency. Additionally, an increased leukocyte count is associated with
increased risk of vitamin D deficiency (OR 1.34, 95% CI 1.01-1.77, p =0.042).

Discussion

Our study is the first to report the prevalence and risk factors of vitamin D deficiency among the Taiwanese IBD
population. Our study revealed a mean vitamin D concentration 22.2+8 ng/mL and 42.5% of our population
with vitamin D deficiency. In a study of vitamin D deficiency among a healthy adult population in northern
Taiwan, the mean vitamin D concentration was 28.9 ng/mL, and 22.4% of the study population had vitamin D
deficiency*” Several co-factors, including diet, outdoor activity, use of sunscreen lotion, percentage of sunny/
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Figure 1. Mean and standard error of mean (SEM) of the total 25-OH vitamin D among patients with CD and
those with UC (classified as sufficient if vitamin D > 30 ng/mL, insufficient 20-29 ng/mL, and deficient <20 ng/
mL).

rainy days, female sex, urban living, educational status, vitamin D supplementation, and chronic diseases, are
known to influence the prevalence of vitamin deficiency. The study of the healthy general population of northern
Taiwan showed that the predictors of vitamin D deficiency were female sex, lower age, high educational status,
living in an urban area, and physical inactivity, while our study showed that female sex and early age at diagnosis
were risk factors.

Vitamin D is mainly synthesized in the skin upon exposure to sunlight, and 20% is obtained from dietary
sources?®**, Previous studies found a high prevalence of vitamin D deficiency among patients with IBD?%4344,
Additionally, the Asian population with dark skin pigmentation may have reduced sunlight penetration, which
can have a negative effect on vitamin D synthesis'>**. Moreover, vertebral fractures are more common in patients
with IBD than in the healthy population’. Before beginning steroid medication, it is crucial to understand the
status of vitamin D deficiency. To prevent low bone mineral density, vitamin D monitoring and supplementation
are suggested in patients with IBD with active disease or those who are treated with steroids*. The prevalence of
vitamin D deficiency in the IBD population ranged from 40%*’ to 92%* in Korea, 60-100% in Japan'’, and 42%
in the present study. Thus, although it is vital to determine the prevalence of vitamin D deficiency in the Asian
population, this is not currently addressed in the Asian IBD practice recommendations* .

Vitamin D receptors are found in nearly all types of immune cells, highly expressed in the small intestine
and colon and involved in both innate and adaptive immune systems. Vitamin D also plays an important role in
intestinal homeostasis where it serves to maintain the integrity of the intestinal barrier*®. However, it remains
unclear whether vitamin D deficiency is a contributing factor to the pathogenesis of IBD*** or a consequence
of malabsorption from intestinal damage®. Previous studies have reported lower vitamin D levels in women®**/,
and our study showed that female sex is a risk factor. However, no such correlation is shown in other studies®*%35.
The study by Alex Ulitsky et al.> showed that older age and older age at diagnosis were associated with vitamin D
deficiency. Our study showed that younger age at diagnosis is a risk factor for vitamin D deficiency. Moreover,
younger age at disease onset has been shown to be an unfavorable prognostic factor for IBD**’, which requires
more medical attention in the future. Our findings indicate the necessity of vitamin D screening in our young
population®"¢!. Meta-analysis showed vitamin D supplementation effectively improves the vitamin D concentra-
tion and decreases CRP level in adult*® and pediatric IBD patients®’. However, the prevalence of untreated vita-
min D deficiency is 82% in IBD patients®® which disclosed clinical overlook of the issue of vitamin D deficiency.
Society guidelines recommend supplementation of vitamin D is recommended for those with documented
deficiency*~! to prevent osteoporosis during disease treatment. Additionally, such supplementation is safe and
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All patients Without deficiency With deficiency
Variables (n=106) (n=61) (n=45) P value
Age at diagnosis, year, median (IQR) 39.2 (30.2-52.2) 43.3 (30.9-54.1) 35.5(28.2-48.9) 0.060
ggr;’)tion from disease onset to vitamin D measurement, year, median 2(1-7) 3(1-9) 1(1-6) 0.422
Sex, male, n (%) 61 (57.5%) 44 (72.1%) 17 (37.8%) <0.001
Clinical remission, n (%) 56 (52.8%) 35 (57.4%) 21 (46.7%) 0.275
Recent steroids, n (%) 24 (22.6%) 14 (23.0%) 10 (22.2%) 0.929
Recent 5-aminosalicylic acid, n (%) 82 (77.4%) 46 (75.4%) 36 (80.0%) 0.577
Recent biologics, n (%) 4 (3.8%) 1 (1.6%) 3(6.7%) 0.309
Recent azathioprine, n (%) 10 (9.4%) 8(13.1%) 2 (4.4%) 0.184
Laboratory data
White blood cell count, 10*/pL, mean + SD 7.2%2 6.8+1.8 7.8+2.1 0.012
Hemoglobin, g/dL, median (IQR) 13.7 (12.4-14.5) 14 (13-14.9) 13 (11.6-14.3) 0.006
Platelet count, 10>/uL, mean+SD 298.8+£95.1 294.9+103.1 304+84.4 0.632
Neutrophil, %, mean +SD 65.7+£9.2 65.3+9.7 66.2+8.6 0.645
Lymphocyte, %, median (IQR) 24.5(18.1-29.4) 24.3 (15.8-30.2) 25(20.8-28.4) 0.941
Albumin, g/dL, median (IQR) 4.4 (4.1-4.5) 4.4 (4.1-4.5) 4.2 (4-4.5) 0.223
C-reactive protein, mg/dL, median (IQR) 0.13 (0.07-0.51) 0.12 (0.06-0.53) 0.18 (0.07-0.51) 0.592
25-OH vitamin D total, ng/mL, mean +SD 22248 27.5+6 15+3.5
IBD subtypes, n (%) 0.080
Ulcerative colitis 86 (81.1%) 46 (75.4%) 40 (88.9%)
Crohn’s disease 20 (18.9%) 15 (24.6%) 5(11.1%)
Abdominal surgery, n (%) 6 (5.7%) 4 (6.6%) 2 (4.4%) 1.000

Table 2. Baseline characteristics of the IBD population (comparisons between the groups with and without
vitamin D deficiency). SD standard deviation, IQR interquartile range, uL microliter, g/dL gram per deciliter,

mg milligram, 25-OH 25-hydroxy, ng/mL nanogram per milliliter.

Crude logistic model Adjusted logistic model*

Variables Crude OR (95% CI) | Pvalue | Adjusted OR (95% CI) | Pvalue
Age at diagnosis 0.97 (0.95, 1) 0.052 0.95 (0.92, 0.99) 0.007
Duration from disease onset to vitamin D measurement 0.97 (0.91, 1.04) 0.391 0.93 (0.86, 1.01) 0.086
Sex (male) 0.23 (0.1, 0.53) 0.001 0.23 (0.09, 0.63) 0.004
Clinical remission 0.65 (0.3, 1.41) 0.276 - -
Recent steroids 0.96 (0.38,2.41) 0.929 - -
Recent 5-aminosalicylic acid 1.3 (0.51, 3.32) 0.577 - -
Recent biologics 4.29 (0.43, 42.63) 0.214 - -
Recent azathioprine 0.31 (0.06, 1.53) 0.150 - -
White blood cell count 1.31 (1.05, 1.63) 0.016 1.34(1.01, 1.77) 0.042
Hemoglobin 0.73 (0.58, 0.92) 0.008 - -
Platelet count 1(1,1.01) 0.629 - -
Neutrophil 1.01 (0.97, 1.05) 0.642 - -
Lymphocyte 1(0.95, 1.05) 0.953 - -
Albumin 0.6 (0.22, 1.63) 0.319 - -
C-reactive protein 1.1 (0.84, 1.44) 0.486 - -
IBD subtypes - -
Ulcerative colitis 1 (Reference) - - -
Crohn’s disease 0.38 (0.13, 1.15) 0.087 - -
Abdominal surgery 0.66 (0.12, 3.79) 0.644 - -

Table 3. Risk factors related to vitamin D deficiency. *The first step 1 in model was adjusted for age, duration

from disease onset to vitamin D measurement, sex, clinical remission, treatments (e.g., steroids, 5-ASA,

biologics, and AZA), laboratory data (WBC count, Hb, platelet count, albumin, and CRP), IBD subtypes, and
abdominal surgery. OR odds ratio, CI confidence interval, IBD inflammatory bowel disease.
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has a positive effect on disease outcomes, which is particularly important for the pediatric population when
therapeutic options for IBD are often restricted*>*¢4,

Vitamin D levels differ between patients with CD and those with UC. Due to the involvement or resection of
the small intestine in CD, some studies have found lower vitamin D levels among patients with CD than among
those with UC”!2. However, in our study, the mean vitamin D concentration was found to be lower in patients
with UC than in those with CD, although not significantly (UC 21.6 + 8.1 ng/mL, CD 24.7 +7.4 ng/mL). This
may be attributed to the small percentage of patients with CD in our study. Vitamin D deficiency is linked to
disease activity>*”. Indeed, a previous meta-analysis of 27 studies from Gubatan et al.*, comprising 8316
patients with IBD, summarized that low vitamin D level is significantly associated with disease activity (OR:
1.53, 95% CI 1.32-1.77). In addition to clinical evaluation, studies have demonstrated an inverse relationship
between vitamin D level and inflammatory markers, such as leukocyte counts, CRP, and fecal calprotectin, in
the IBD population®!*. In our study, the group with vitamin D deficiency had a significantly higher leukocyte
count (7.8+2.1 vs. 6.8+ 1.8 *10%/uL, p=0.012); however, there was no significant difference in CRP levels. The
group with vitamin D deficiency had a significantly lower Hb level compared to the control group in our research
(13 [11.6-14.3] vs. 14 [13-14.9] g/dL, p=0.006), which may reflect the severity of bowel damage. Moreover, in
our study, a lower percentage of patients remained in clinical remission in the group with vitamin D deficiency
(46.7% vs. 57.4%, P=0.275), although the difference was not statistically significant.

Our investigation has several limitations that warrant discussion. First, the number of cases was relatively
low, particularly in the CD group. This limited the currently low prevalence of IBD population in our region®”.
Second, although this is a prospective and observational study of patient medical records, undergoing a vitamin
D check-up and receiving subsequent treatment were not mandatory for participation. Additionally, we did
not investigate the outcomes for patients after vitamin D treatment. However, determining the impact of such
treatment is challenging, as supplements are commonly sold over-the-counter, making it difficult to monitor
their intake retrospectively. Additionally, the measurement of vitamin D and treatment of its insufficiency are
currently not reimbursed by our national health insurance. Indeed, only two-thirds of our IBD population
reported having undergone a check-up of vitamin D concentration in our institution®. Since therapies and tests
to measure vitamin D levels require out of pocket money and given that not all patients are willing to undergo
screening, it is critical that more people become aware of the significant lack of vitamin D that this population
is experiencing, and the current study represents an important step in this direction. It is necessary to perform
further research to analyze the food pattern, sun exposure, and vitamin D supplementation pattern and clini-
cal response in this community to ensure a better understanding of the link between vitamin insufficiency and
this population. Third, we did not record the frequency of sun exposure, the amount of vitamin D-rich foods
consumed, or outdoor exercise among the study population, all of which could have been confounding factors
for vitamin D levels. Forth, there is no healthy control in our study to compare the vitamin D level.

Conclusion

The current study concluded that the Taiwanese population with IBD had a prevalence of 42.5% of vitamin D
deficiency. Understanding this condition is crucial to raising patients’ and doctors’ awareness of the need to
screen for vitamin D deficiency and enhance patient outcomes.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available, but these may be
requested from the corresponding author, upon reasonable request.

Received: 31 March 2024; Accepted: 14 June 2024
Published online: 18 June 2024

References
1. Ghishan, E K. & Kiela, P. R. Vitamins and minerals in inflammatory bowel disease. Gastroenterol. Clin. 46, 797-808. https://doi.
0rg/10.1016/j.gtc.2017.08.011 (2017).
2. Ulitsky, A. et al. Vitamin D deficiency in patients with inflammatory bowel disease: Association with disease activity and quality
of life. JPEN J. Parenter. Enteral Nutr. 35, 308-316. https://doi.org/10.1177/0148607110381267 (2011).
3. Torki, M. et al. Vitamin D deficiency associated with disease activity in patients with inflammatory bowel diseases. Dig. Dis. Sci.
60, 3085-3091. https://doi.org/10.1007/s10620-015-3727-4 (2015).
4. Lopez-Munoz, P. et al. Influence of vitamin D deficiency on inflammatory markers and clinical disease activity in IBD patients.
Nutrients 11, 1059. https://doi.org/10.3390/nu11051059 (2019).
5. Jorgensen, S. P. et al. Active Crohn’s disease is associated with low vitamin D levels. J. Crohns Colitis 7, e407-413. https://doi.org/
10.1016/j.crohns.2013.01.012 (2013).
6. Hausmann, J., Kubesch, A., Amiri, M., Filmann, N. & Blumenstein, I. Vitamin D deficiency is associated with increased disease
activity in patients with inflammatory bowel disease. J. Clin. Med. 8, 1319. https://doi.org/10.3390/jcm8091319 (2019).
7. Castro, E D. et al. Lower levels of vitamin D correlate with clinical disease activity and quality of life in inflammatory bowel disease.
Arq. Gastroenterol. 52, 260-265. https://doi.org/10.1590/50004-28032015000400003 (2015).
8. Blanck, S. & Aberra, E. Vitamin d deficiency is associated with ulcerative colitis disease activity. Dig. Dis. Sci. 58, 1698-1702. https://
doi.org/10.1007/s10620-012-2531-7 (2013).
9. Vazquez, M. A. et al. Vertebral fractures in patients with inflammatory bowel disease compared with a healthy population: A
prospective case-control study. BMC Gastroenterol. 12, 47. https://doi.org/10.1186/1471-230X-12-47 (2012).
10. Kuwabara, A. et al. High prevalence of vitamin K and D deficiency and decreased BMD in inflammatory bowel disease. Osteoporos.
Int. 20, 935-942. https://doi.org/10.1007/s00198-008-0764-2 (2009).
11. Siffledeen, J. S., Siminoski, K., Jen, H. & Fedorak, R. N. Vertebral fractures and role of low bone mineral density in Crohn’s disease.
Clin. Gastroenterol. Hepatol. 5,721-728. https://doi.org/10.1016/j.cgh.2007.02.024 (2007).
12. Caviezel, D., Maissen, S., Niess, . H., Kiss, C. & Hruz, P. High prevalence of vitamin D deficiency among patients with inflamma-
tory bowel disease. Inflamm. Intest. Dis. 2, 200-210. https://doi.org/10.1159/000489010 (2018).

Scientific Reports |

(2024) 14:14001 | https://doi.org/10.1038/s41598-024-64930-8 nature portfolio


https://doi.org/10.1016/j.gtc.2017.08.011
https://doi.org/10.1016/j.gtc.2017.08.011
https://doi.org/10.1177/0148607110381267
https://doi.org/10.1007/s10620-015-3727-4
https://doi.org/10.3390/nu11051059
https://doi.org/10.1016/j.crohns.2013.01.012
https://doi.org/10.1016/j.crohns.2013.01.012
https://doi.org/10.3390/jcm8091319
https://doi.org/10.1590/S0004-28032015000400003
https://doi.org/10.1007/s10620-012-2531-7
https://doi.org/10.1007/s10620-012-2531-7
https://doi.org/10.1186/1471-230X-12-47
https://doi.org/10.1007/s00198-008-0764-2
https://doi.org/10.1016/j.cgh.2007.02.024
https://doi.org/10.1159/000489010

www.nature.com/scientificreports/

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Joseph, A. J., George, B., Pulimood, A. B., Seshadri, M. S. & Chacko, A. 25 (OH) vitamin D level in Crohn’s disease: Association
with sun exposure & disease activity. Indian J. Med. Res. 130, 133-137 (2009).

Suibhne, T. N., Cox, G., Healy, M., O’Morain, C. & O’Sullivan, M. Vitamin D deficiency in Crohn’s disease: Prevalence, risk factors
and supplement use in an outpatient setting. J. Crohns Colitis 6, 182-188. https://doi.org/10.1016/j.crohns.2011.08.002 (2012).
Siffledeen, J. S., Siminoski, K., Steinhart, H., Greenberg, G. & Fedorak, R. N. The frequency of vitamin D deficiency in adults with
Crohn’s disease. Can. J. Gastroenterol. 17, 473-478. https://doi.org/10.1155/2003/391308 (2003).

Abraham, C. & Medzhitov, R. Interactions between the host innate immune system and microbes in inflammatory bowel disease.
Gastroenterology 140, 1729-1737. https://doi.org/10.1053/j.gastro.2011.02.012 (2011).

Ananthakrishnan, A. N. Epidemiology and risk factors for IBD. Nat. Rev. Gastroenterol. Hepatol. 12,205-217. https://doi.org/10.
1038/nrgastro.2015.34 (2015).

Economou, M. & Pappas, G. New global map of Crohn’s disease: Genetic, environmental, and socioeconomic correlations. Inflamm.
Bowel Dis. 14, 709-720. https://doi.org/10.1002/ibd.20352 (2008).

Moum, B., Aadland, E., Ekbom, A. & Vatn, M. H. Seasonal variations in the onset of ulcerative colitis. Gut 38, 376-378. https://
doi.org/10.1136/gut.38.3.376 (1996).

Yang, C. Y, Leung, P. S., Adamopoulos, I. E. & Gershwin, M. E. The implication of vitamin D and autoimmunity: A comprehensive
review. Clin. Rev. Allergy Immunol. 45, 217-226. https://doi.org/10.1007/s12016-013-8361-3 (2013).

Athanassiou, L., Kostoglou-Athanassiou, I., Koutsilieris, M. & Shoenfeld, Y. Vitamin D and autoimmune rheumatic diseases.
Biomolecules 13, 709. https://doi.org/10.3390/biom13040709 (2023).

Narula, N. & Marshall, J. K. Management of inflammatory bowel disease with vitamin D: Beyond bone health. J. Crohns Colitis 6,
397-404. https://doi.org/10.1016/j.crohns.2011.10.015 (2012).

Battistini, C., Ballan, R., Herkenhoff, M. E., Saad, S. M. I. & Sun, J. Vitamin D modulates intestinal microbiota in inflammatory
bowel diseases. Int. J. Mol. Sci. 22, 362. https://doi.org/10.3390/ijms22010362 (2020).

Wu, Z., Liu, D. & Deng, E. The role of vitamin D in immune system and inflammatory bowel disease. J. Inflamm. Res. 15, 3167-3185.
https://doi.org/10.2147/JIR.S363840 (2022).

Holick, M. E. et al. Evaluation, treatment, and prevention of vitamin D deficiency: An Endocrine Society clinical practice guideline.
J. Clin. Endocrinol. Metab. 96, 1911-1930. https://doi.org/10.1210/jc.2011-0385 (2011).

Cui, A. et al. Global and regional prevalence of vitamin D deficiency in population-based studies from 2000 to 2022: A pooled
analysis of 7.9 million participants. Front. Nutr. 10, 1070808. https://doi.org/10.3389/fnut.2023.1070808 (2023).

Duranton, E et al. Vitamin D treatment and mortality in chronic kidney disease: A systematic review and meta-analysis. Am. J.
Nephrol. 37, 239-248. https://doi.org/10.1159/000346846 (2013).

Williams, S., Malatesta, K. & Norris, K. Vitamin D and chronic kidney disease. Ethn. Dis. 19, S5 (2009).

Brandenburg, V. & Ketteler, M. Vitamin D and secondary hyperparathyroidism in chronic kidney disease: A critical appraisal of
the past, present, and the future. Nutrients 14, 3009. https://doi.org/10.3390/nu14153009 (2022).

Md Isa, Z., Amsah, N. & Ahmad, N. The impact of vitamin D deficiency and insufficiency on the outcome of type 2 diabetes mel-
litus patients: A systematic review. Nutrients 15, 2310. https://doi.org/10.3390/nu15102310 (2023).

Norman, P. E. & Powell, J. T. Vitamin D and cardiovascular disease. Circ. Res. 114, 379-393. https://doi.org/10.1161/CIRCRESAHA.
113.301241 (2014).

Pal, E., Ungvari, Z., Benyo, Z. & Varbiro, S. Role of vitamin D deficiency in the pathogenesis of cardiovascular and cerebrovascular
diseases. Nutrients 15, 334. https://doi.org/10.3390/nu15020334 (2023).

Gupta, D., Vashi, P. G., Trukova, K., Lis, C. G. & Lammersfeld, C. A. Prevalence of serum vitamin D deficiency and insufficiency
in cancer: Review of the epidemiological literature. Exp. Ther. Med. 2, 181-193. https://doi.org/10.3892/etm.2011.205 (2011).
Holick, M. F. Environmental factors that influence the cutaneous production of vitamin D. Am. J. Clin. Nutr. 61, 6385-645S. https://
doi.org/10.1093/ajcn/61.3.638S (1995).

Al-Badr, W. & Martin, K. J. Vitamin D and kidney disease. Clin. J. Am. Soc. Nephrol. 3, 1555-1560. https://doi.org/10.2215/CJN.
01150308 (2008).

Dominguez, L. J., Farruggia, M., Veronese, N. & Barbagallo, M. Vitamin D sources, metabolism, and deficiency: Available com-
pounds and guidelines for its treatment. Metabolites 11, 255. https://doi.org/10.3390/metabo11040255 (2021).

Gubatan, J. et al. Low serum vitamin D during remission increases risk of clinical relapse in patients with ulcerative colitis. Clin.
Gastroenterol. Hepatol. 15, 240-246. https://doi.org/10.1016/j.cgh.2016.05.035 (2017).

Del Pinto, R., Pietropaoli, D., Chandar, A. K., Ferri, C. & Cominelli, F. Association between inflammatory bowel disease and
vitamin D deficiency: A systematic review and meta-analysis. Inflamm. Bowel Dis. 21, 2708-2717. https://doi.org/10.1097/MIB.
0000000000000546 (2015).

Yen, H. H. et al. Epidemiological trend in inflammatory bowel disease in Taiwan from 2001 to 2015: A nationwide populationbased
study. Intest. Res. 17, 54-62. https://doi.org/10.5217/ir.2018.00096 (2019).

Best, W. R, Becktel, J. M., Singleton, J. W. & Kern, F Jr. Development of a Crohn’s disease activity index. National Cooperative
Crohn’s Disease Study. Gastroenterology 70, 439-444 (1976).

Lewis, J. D. et al. Use of the noninvasive components of the Mayo score to assess clinical response in ulcerative colitis. Inflamm.
Bowel Dis. 14, 1660-1666. https://doi.org/10.1002/ibd.20520 (2008).

Lee, M. J. et al. Vitamin D deficiency in northern Taiwan: A community-based cohort study. BMC Public Health 19, 337. https://
doi.org/10.1186/s12889-019-6657-9 (2019).

Guzman-Prado, Y., Samson, O,, Segal, J. P,, Limdi, J. K. & Hayee, B. Vitamin D therapy in adults with inflammatory bowel disease:
A systematic review and meta-analysis. Inflamm. Bowel Dis. 26, 1819-1830. https://doi.org/10.1093/ibd/izaa087 (2020).
Gubatan, J., Chou, N. D., Nielsen, O. H. & Moss, A. C. Systematic review with meta-analysis: Association of vitamin D status with
clinical outcomes in adult patients with inflammatory bowel disease. Aliment. Pharmacol. Ther. 50, 1146-1158. https://doi.org/
10.1111/apt.15506 (2019).

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. 32, 508-518. https://doi.org/10.5152/tjg.2021.20614 (2021).

Forbes, A. et al. ESPEN guideline: Clinical nutrition in inflammatory bowel disease. Clin. Nutr. 36, 321-347. https://doi.org/10.
1016/j.cInu.2016.12.027 (2017).

Park, Y. E. et al. Incidence and risk factors of micronutrient deficiency in patients with IBD and intestinal Behcet’s disease: Folate,
vitamin B12, 25-OH-vitamin D, and ferritin. BMC Gastroenterol. 21, 32. https://doi.org/10.1186/s12876-021-01609-8 (2021).
Ham, N. S. et al. Influence of severe vitamin D deficiency on the clinical course of inflammatory bowel disease. Dig. Dis. Sci. 66,
587-596. https://doi.org/10.1007/s10620-020-06207-4 (2021).

Nakase, H. et al. Evidence-based clinical practice guidelines for inflammatory bowel disease 2020. J. Gastroenterol. 56, 489-526.
https://doi.org/10.1007/s00535-021-01784-1 (2021).

Ran, Z. et al. Asian Organization for Crohn’s and Colitis and Asia Pacific Association of Gastroenterology practice recommenda-
tions for medical management and monitoring of inflammatory bowel disease in Asia. J. Gastroenterol. Hepatol. 36, 637-645.
https://doi.org/10.1111/jgh.15185 (2021).

Wei, S. C. et al. Management of ulcerative colitis in Taiwan: Consensus guideline of the Taiwan Society of Inflammatory Bowel
Disease. Intest. Res. 15, 266-284. https://doi.org/10.5217/ir.2017.15.3.266 (2017).

Scientific Reports |

(2024) 14:140091 | https://doi.org/10.1038/s41598-024-64930-8 nature portfolio


https://doi.org/10.1016/j.crohns.2011.08.002
https://doi.org/10.1155/2003/391308
https://doi.org/10.1053/j.gastro.2011.02.012
https://doi.org/10.1038/nrgastro.2015.34
https://doi.org/10.1038/nrgastro.2015.34
https://doi.org/10.1002/ibd.20352
https://doi.org/10.1136/gut.38.3.376
https://doi.org/10.1136/gut.38.3.376
https://doi.org/10.1007/s12016-013-8361-3
https://doi.org/10.3390/biom13040709
https://doi.org/10.1016/j.crohns.2011.10.015
https://doi.org/10.3390/ijms22010362
https://doi.org/10.2147/JIR.S363840
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.3389/fnut.2023.1070808
https://doi.org/10.1159/000346846
https://doi.org/10.3390/nu14153009
https://doi.org/10.3390/nu15102310
https://doi.org/10.1161/CIRCRESAHA.113.301241
https://doi.org/10.1161/CIRCRESAHA.113.301241
https://doi.org/10.3390/nu15020334
https://doi.org/10.3892/etm.2011.205
https://doi.org/10.1093/ajcn/61.3.638S
https://doi.org/10.1093/ajcn/61.3.638S
https://doi.org/10.2215/CJN.01150308
https://doi.org/10.2215/CJN.01150308
https://doi.org/10.3390/metabo11040255
https://doi.org/10.1016/j.cgh.2016.05.035
https://doi.org/10.1097/MIB.0000000000000546
https://doi.org/10.1097/MIB.0000000000000546
https://doi.org/10.5217/ir.2018.00096
https://doi.org/10.1002/ibd.20520
https://doi.org/10.1186/s12889-019-6657-9
https://doi.org/10.1186/s12889-019-6657-9
https://doi.org/10.1093/ibd/izaa087
https://doi.org/10.1111/apt.15506
https://doi.org/10.1111/apt.15506
https://doi.org/10.5152/tjg.2021.20614
https://doi.org/10.1016/j.clnu.2016.12.027
https://doi.org/10.1016/j.clnu.2016.12.027
https://doi.org/10.1186/s12876-021-01609-8
https://doi.org/10.1007/s10620-020-06207-4
https://doi.org/10.1007/s00535-021-01784-1
https://doi.org/10.1111/jgh.15185
https://doi.org/10.5217/ir.2017.15.3.266

www.nature.com/scientificreports/

52. Fakhoury, H. M. A. et al. Vitamin D and intestinal homeostasis: Barrier, microbiota, and immune modulation. J. Steroid Biochem.
Mol. Biol. 200, 105663. https://doi.org/10.1016/j.jsbmb.2020.105663 (2020).

53. Ananthakrishnan, A. N. et al. Higher predicted vitamin D status is associated with reduced risk of Crohn’s disease. Gastroenterology
142, 482-489. https://doi.org/10.1053/j.gastro.2011.11.040 (2012).

54. Xue, L. N. et al. Associations between vitamin D receptor polymorphisms and susceptibility to ulcerative colitis and Crohn’s disease:
A meta-analysis. Inflamm. Bowel Dis. 19, 54-60. https://doi.org/10.1002/ibd.22966 (2013).

55. Farraye, F. A. et al. Use of a novel vitamin D bioavailability test demonstrates that vitamin D absorption is decreased in patients
with quiescent Crohn’s disease. Inflamm. Bowel Dis. 17, 2116-2121. https://doi.org/10.1002/ibd.21595 (2011).

56. Han, Y. M. et al. Risk factors for vitamin D, zinc, and selenium deficiencies in Korean patients with inflammatory bowel disease.
Gut Liver 11, 363-369. https://doi.org/10.5009/gnl16333 (2017).

57. Zullow, S., Jambaulikar, G., Rustgi, A., Quezada, S. & Cross, R. K. Risk factors for vitamin D deficiency and impact of repletion in
a tertiary care inflammatory bowel disease population. Dig. Dis. Sci. 62, 2072-2078. https://doi.org/10.1007/s10620-017-4614-y
(2017).

58. Fletcher, J., Brown, M., Hewison, M., Swift, A. & Cooper, S. C. Prevalence of vitamin D deficiency and modifiable risk factors
in patients with Crohn’s disease: A prospective observational study. J. Adv. Nurs. 79, 205-214. https://doi.org/10.1111/jan.15476
(2023).

59. Beaugerie, L., Seksik, P,, Nion-Larmurier, L., Gendre, J. P. & Cosnes, J. Predictors of Crohn's disease. Gastroenterology 130, 650-656.
https://doi.org/10.1053/j.gastro.2005.12.019 (2006).

60. Ha, C. Y., Newberry, R. D,, Stone, C. D. & Ciorba, M. A. Patients with late-adult-onset ulcerative colitis have better outcomes than
those with early onset disease. Clin. Gastroenterol. Hepatol. 8, 682-687. https://doi.org/10.1016/j.cgh.2010.03.022 (2010).

61. Yen, H. H. et al. Management of ulcerative colitis in Taiwan: Consensus guideline of the Taiwan Society of Inflammatory Bowel
Disease, updated 2023. Intest. Res. (2024) (Accepted).

62. Sohouli, M. H. et al. Vitamin D therapy in pediatric patients with inflammatory bowel disease: A systematic review and meta-
analysis. World . Pediatr. 19, 48-57. https://doi.org/10.1007/s12519-022-00605-6 (2023).

63. Domislovic, V. et al. High prevalence of untreated and undertreated vitamin D deficiency and insufficiency in patients with inflam-
matory bowel disease. Acta Clin. Croat. 59, 109-118. https://doi.org/10.20471/acc.2020.59.01.13 (2020).

64. Tan, B. et al. Treatment of vitamin D deficiency in Chinese inflammatory bowel disease patients: A prospective, randomized,
open-label, pilot study. J. Dig. Dis. 19, 215-224. https://doi.org/10.1111/1751-2980.12590 (2018).

65. Valvano, M. et al. The usefulness of serum vitamin D levels in the assessment of IBD activity and response to biologics. Nutrients
13, 323. https://doi.org/10.3390/nu13020323 (2021).

66. Garg, M., Rosella, O., Lubel, J. S. & Gibson, P. R. Association of circulating vitamin D concentrations with intestinal but not systemic
inflammation in inflammatory bowel disease. Inflamm. Bowel Dis. 19, 2634-2643. https://doi.org/10.1097/01.MIB.0000436957.
77533.b2 (2013).

67. Yen, H.-H., Hsu, Y.-C., Kuo, C.-H., Hsu, T.-C. & Chen, Y.-Y. Real-world experience of adalimumab therapy for patients with ulcera-
tive colitis: A single tertiary medical center experience in Central Taiwan. Adv. Dig. Med. 10, 28-33. https://doi.org/10.1002/aid2.
13300 (2023).

68. Yang, C.T, Yen, H. H., Chen, Y. Y,, Su, P. Y. & Huang, S. P. Radiation exposure among patients with inflammatory bowel disease:
A single-medical-center retrospective analysis in Taiwan. J. Clin. Med. 11, 5050. https://doi.org/10.3390/jcm11175050 (2022).

Author contributions

Conceptualization, C.-T.Y., H.-H.Y. and P.-Y.S.; Data curation, C.-T.Y., H.-H.Y. and Y.-Y.C.; Formal analysis,
C.-T.Y. and S.-PH.; Funding acquisition, H.-H.Y.; Investigation, C.-T.Y. and H.-H.Y.; Methodology, S.-PH.;
Resources, H.-H.Y. and P.-Y.S ; Software, S.-P.H.; Supervision, Y.-Y.C.; Validation, H.-H.Y.; Writing—original
draft, C.-T.Y. and H.-H.Y.; Writing—review & editing, C.-T.Y., H.-H.Y,, P.-Y.S,, Y.-Y.C. and S.-P.H.

Funding

The authors received research grand from Changhua Christian Hospital (YHH: 111-CCH-IRP-011, 112-CCH-
IRP-033; YCT: 111-CCH-IRP-019). The study was conducted according to the guidelines of the Declaration of
Helsinki, and approved by the Institutional Review Board of Changhua Christian Hospital (Protocol code CCH
IRB: 181014).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.-H.Y.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:14001 | https://doi.org/10.1038/s41598-024-64930-8 nature portfolio


https://doi.org/10.1016/j.jsbmb.2020.105663
https://doi.org/10.1053/j.gastro.2011.11.040
https://doi.org/10.1002/ibd.22966
https://doi.org/10.1002/ibd.21595
https://doi.org/10.5009/gnl16333
https://doi.org/10.1007/s10620-017-4614-y
https://doi.org/10.1111/jan.15476
https://doi.org/10.1053/j.gastro.2005.12.019
https://doi.org/10.1016/j.cgh.2010.03.022
https://doi.org/10.1007/s12519-022-00605-6
https://doi.org/10.20471/acc.2020.59.01.13
https://doi.org/10.1111/1751-2980.12590
https://doi.org/10.3390/nu13020323
https://doi.org/10.1097/01.MIB.0000436957.77533.b2
https://doi.org/10.1097/01.MIB.0000436957.77533.b2
https://doi.org/10.1002/aid2.13300
https://doi.org/10.1002/aid2.13300
https://doi.org/10.3390/jcm11175050
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	High prevalence of vitamin D deficiency in Taiwanese patients with inflammatory bowel disease
	Materials and methods
	Study design and patients
	Laboratory studies
	Definition of remission
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


