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Abstract 25 

Inflammatory bowel disease (IBD) has been linked to immune dysregulation and vitamin D 26 

deficiency, leading to growing interest in vitamin D supplementation as a potential adjunctive 27 

therapy. This systematic review and meta-analysis evaluated the effects of vitamin D 28 

supplementation on disease activity, inflammatory markers, and vitamin D status in patients with 29 

IBD. PubMed (MEDLINE), Embase, and the Cochrane Library were searched according to 30 

PRISMA guidelines, and studies were selected via the PICOS framework. Random-effects meta-31 

analyses were conducted in R via restricted maximum likelihood estimation with Hartung–Knapp 32 

adjustment, and heterogeneity and influence diagnostics were assessed. Vitamin D 33 

supplementation significantly increased serum 25-hydroxyvitamin D levels (11 studies; SMD = 34 

1.24, 95% CI 0.52–1.95; p < 0.001), although heterogeneity was substantial (I² ≈ 94%). In pooled 35 

analyses of disease activity (4 studies), vitamin D supplementation was not associated with a 36 

statistically significant reduction in disease activity under Hartung–Knapp modeling (SMD = 37 

−0.56, 95% CI −1.94-0.82; p = 0.29; I² = 87.8%). Influence diagnostics identified one trial as a 38 

dominant outlier; excluding this study attenuated the pooled effect (SMD = −0.19, 95% CI −0.59 39 

to 0.21; p = 0.17) and eliminated heterogeneity. No statistically significant pooled effects were 40 

observed for inflammatory markers, including C-reactive protein and TNF-α, although some 41 

individual studies reported reductions. Overall, vitamin D supplementation reliably improves 42 

serum vitamin D levels in patients with IBD but does not provide consistent or robust evidence of 43 

clinically meaningful improvement in disease activity. Any potential clinical benefit appears 44 

modest, heterogeneous, and sensitive to influential studies, underscoring the need for larger, well-45 

designed trials with standardized dosing and relapse-based outcomes. 46 

Keywords: Vitamin D, Inflammatory Bowel Disease, Crohn’s Disease, Ulcerative Colitis, 47 

Disease Activity, Remission, Systematic Review, Meta-analysis 48 
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Introduction 53 

Vitamin D plays a vital role in bone metabolism[1]. However, increasing evidence suggests that it 54 

may influence immunological regulation and inflammatory pathways relevant to immune-55 

mediated illnesses such as inflammatory bowel disease (IBD)[2]. In vitro and animal studies have 56 

indicated that vitamin D plays a crucial role in maintaining the integrity of the gut epithelial barrier. 57 

It is linked to the control of defensins, mucins, and a number of junctional proteins [3]. The oral 58 

intake of vitamin D follows the pathway of digestion and absorption of lipids [4]. Tumor necrosis 59 

factor α (TNFα) and many other proinflammatory cytokines are key factors in the development 60 

and maintenance of intestinal inflammation in IBD, which is why anti-TNFα antibodies and other 61 

treatments targeting these cytokines are beneficial for IBD patients [5]. Vitamin D may contribute 62 

to epithelial barrier integrity, a key defense mechanism against luminal antigens and pathogens, 63 

potentially influencing mucosal permeability. Vitamin D also helps control important 64 

inflammatory pathways, such as by promoting the production of anti-inflammatory mediators such 65 

as interleukin 10 (IL 10) and inhibiting the production of proinflammatory cytokines such as 66 

interleukin 12 (IL 12) and interleukin 6 (IL 6) [6]. In the pathophysiology of IBD, where a 67 

dysregulated immune response and impaired barrier function are key factors, these pathways are 68 

especially important [7]. 69 

The bioactive form of vitamin D, 1,25-dihydroxyvitamin D₃ [1,25(OH)₂D₃], is known to affect 70 

bone formation, mineralization, and calcium metabolism [8]. In experimental IBD, vitamin D and 71 

vitamin D receptor (VDR) deficiency has been shown to worsen disease severity, whereas 72 

1,25(OH)₂D₃ therapy has been shown to prevent disease development in animal models [9]. IBD 73 

is associated with, rather than caused by, changes in vitamin D status and VDR signaling, as well 74 

as an increase in the production of certain proinflammatory cytokines, such as interferon γ (IFN γ) 75 

and TNF α [10]. These changes are controlled by abnormal mucosal immune responses and 76 

intraluminal antigens in genetically susceptible individuals. 77 

 78 

The Crohn's Disease Activity Index (CDAI) is the gold standard for measuring disease activity in 79 

Crohn’s disease (CD) studies [11]. Laboratory results, physical examination findings, and self-80 

reported CD symptoms for the previous seven days are used to calculate the CDAI [12]. The short 81 
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Crohn’s Disease Activity Index (sCDAI) follows the same scale as the full CDAI, with scores of 82 

450 indicating severe activity[13]. Similarly, the Mayo score was devised for use in clinical trials 83 

to report the disease activity index in patients with ulcerative colitis (UC). The original description 84 

of the Mayo score includes an assessment of two patient-reported outcomes (PROs) — stool 85 

frequency (SF) and rectal bleeding (RB) — the endoscopic appearance of the mucosa (endoscopic 86 

score, ES) — and a physician’s global assessment (PGA), each scored on a scale from 0--3, with 87 

a maximum total score of 12 [14]. 88 

 89 

The total 25-hydroxyvitamin D (25(OH)D) level is often assessed in clinical practice to reflect the 90 

bioactive vitamin D status of humans[15]. Although there is no globally accepted definition of 91 

vitamin D status, a level >75 nmol/L (or >30 ng/mL) is generally considered sufficient. Given the 92 

growing body of evidence suggesting a potential link between vitamin D deficiency and IBD, 93 

supplementation with vitamin D has been explored as a potential adjunctive strategy to modulate 94 

disease activity [16]. However, while some studies suggest that vitamin D supplementation may 95 

help reduce disease activity and promote clinical remission in patients with IBD, evidence remains 96 

heterogeneous and inconclusive, particularly regarding its ability to prevent relapse after 97 

remission. 98 

 99 

The primary aim of this study was to evaluate the effect of vitamin D supplementation on the 100 

disease course of patients with IBD. We hypothesized that vitamin D supplementation would 101 

produce at most a modest and heterogeneous improvement in disease activity rather than a 102 

consistent remission-inducing effect. The objectives of this study are as follows: 103 

• To assess the impact of vitamin D supplementation on disease activity in IBD patients. 104 

• To estimate the effect of vitamin D supplementation, compared with placebo/no 105 

supplementation/standard care, on the maintenance of remission in patients with CD, UC, 106 

or IBD-unclassified (IBDU). 107 
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• To analyze the relationship between vitamin D deficiency and disease severity in IBD 108 

patients. 109 

• To assess the potential role of vitamin D in reducing the need for conventional 110 

immunosuppressive or biological therapies. 111 

Methods 112 

Eligibility criteria 113 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 114 

and the Population, Intervention, Comparison, Outcome, and Study Design (PICOS) scheme were 115 

utilized to generate the eligibility criteria. [17] Studies were considered eligible for inclusion if 116 

they were published between June 2000 and April 2025. The target population included adults 117 

(aged ≥18 years) with a confirmed diagnosis of inflammatory bowel disease (Crohn’s disease, 118 

ulcerative colitis, or IBD-unclassified), either in the active phase or in remission. Studies were 119 

considered for inclusion if they presented qualitative or quantitative data on comparative 120 

outcomes. The PICOS scheme for the current study is further elaborated in Table 1. 121 

 122 

 123 

 124 

 125 

 126 

 127 

 128 

 129 

 130 

 131 

 132 

The inclusion criteria were carefully developed after the development of the PICOS criteria for 133 

systematic review. The details of the eligibility criteria are provided in table 2. 134 

 135 
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Information Sources 136 

The literature search for this study was conducted via several major databases, including 137 

MEDLINE (PubMed), Embase, CENTRAL, the Web of Science Core Collection, and Scopus. 138 

Relevant trials were retrieved from ClinicalTrials.gov, the World Health Organization 139 

International Clinical Trials Registry Platform (WHO ICTRP), and the European Union Clinical 140 

Trials Register (EUCTR), whereas gray literature was sourced from ProQuest Dissertations, 141 

OpenGray (or its successors), and conference proceedings such as those from the European 142 

Crohn’s and Colitis Organization (ECCO), the American College of Gastroenterology (ACG), and 143 

Digestive Disease Week (DDW). Additionally, the reference lists of the included studies and 144 

previous reviews were hand searched, and citation tracking was performed via Scopus and Google 145 

Scholar. The search covered the period from June 2000 up to the search date (June 2025), with 146 

searches repeated before the final analyses. 147 

Search strategy 148 

The search strategy was devised following the PICOS scheme to retrieve pertinent data from the 149 

digital databases. In the final sample, 14 studies (from a total sample of n = 77) met the eligibility 150 

criteria. A search query encompassing the following keywords was formulated: 151 

("Vitamin D"[MeSH] OR "cholecalciferol"[All Fields] OR "ergocalciferol"[All Fields] OR 152 

"vitamin D supplementation"[All Fields]) AND ("Inflammatory Bowel Disease"[MeSH] OR 153 

"Crohn Disease"[MeSH] OR "Ulcerative Colitis"[MeSH] OR "IBD"[All Fields]) AND ("disease 154 

course"[All Fields] OR "disease activity"[All Fields] OR "progression"[All Fields] OR "clinical 155 

outcome"[All Fields]) AND ("systematic review"[Publication Type] OR "meta-156 

analysis"[Publication Type] OR "randomized controlled trial"[Publication Type] OR "clinical 157 

trial"[Publication Type]). 158 

Selection process 159 

The screening and selection process was facilitated via Rayyan.ai, an evidence-based platform 160 

designed to streamline reviews of primary and secondary sources. [18] Following title and abstract 161 

screening, potentially eligible studies underwent full-text review. Articles were excluded if they 162 

targeted a nonrelevant population, used the wrong study design, did not assess IBD-related clinical 163 
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or biochemical outcomes (e.g., disease activity, relapse, inflammatory markers), or presented a 164 

high risk of bias. In several cases, studies were excluded for more than one of these reasons. 165 

A total of 77 records were identified from three databases: PubMed (26), Cochrane (34), and 166 

Embase (17). After 14 duplicate records were removed, 12 records were marked as ineligible by 167 

automation tools, and 8 were removed for other reasons, leaving 43 records for screening. Of these, 168 

19 records were excluded on the basis of title and abstract, and 24 reports were sought for retrieval. 169 

Two reports were unavailable. Upon further assessment, 22 reports were evaluated, but 6 were 170 

excluded because of an incorrect population (4), an incorrect outcome (2), or an incorrect study 171 

design (2). In total, 14 studies were included in the final review. 172 

Data Items 173 

After the secondary screening process was complete, the overall sample size (n=14) of the selected 174 

studies was assessed. Age was inconsistently reported across the included studies, with formats 175 

ranging from mean age to median age, age ranges, or categorical bands. Owing to heterogeneity 176 

in reporting, age could not be synthesized quantitatively and was therefore summarized narratively 177 

in study characteristics tables. To create a PRISMA flow chart that followed the rules of the 178 

Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA), we used articles 179 

from reputable journals and other sources. [19] 180 

  181 

Risk of bias 182 

We conducted a comprehensive analysis of bias in each study selected for quality assessment. 183 

Since most included studies were randomized controlled trials (RCTs), the Cochrane Risk of Bias 184 

2 (ROB2) tool was used to assess bias across domains [20]. For nonrandomized studies, the Risk 185 

of Bias In Nonrandomized Studies of Interventions (ROBINS-I) tool was applied [21]. The results 186 

were summarized via traffic light and domain summary plots. 187 

 188 

Standardization of Nonpoolable Data 189 

 190 
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To ensure consistency in data synthesis and enable quantitative pooling in the meta-analysis, 191 

studies reporting continuous outcomes as medians with interquartile ranges (IQRs) were converted 192 

to means and standard deviations (SDs) via the method proposed by Wan et al. (2014) [22], which 193 

provides validated estimators on the basis of medians, quartiles, and sample size. When quartiles 194 

were available, the sample mean was approximated as: 195 

Mean ≈ (Q1 + Median + Q3)/3 196 

and the SD as: 197 

SD ≈ (Q3 − Q1)/1.35 198 

where Q1 and Q3 represent the first and third quartiles, respectively. 199 

When continuous outcomes were reported with means and confidence intervals (CIs), standard 200 

errors (SEs) were derived as follows: 201 

SE = (Upper CI − Lower CI)/(2 × tα/2,df) 202 

and the SDs were calculated as: 203 

SD = SE × √n 204 

in accordance with the Cochrane Handbook recommendations [23]. 205 

For studies reporting only minimum and maximum values, SDs were estimated via established 206 

range-based approximations, acknowledging underlying distributional assumptions: 207 

SD ≈ (Max − Min)/4 208 

or, where applicable, uniform-distribution approximations. 209 

These transformations assume approximately symmetrical or moderately skewed distributions, 210 

which may not hold for all biomarkers or clinical indices. Sensitivity analyses excluding 211 

converted studies were conducted to assess the robustness of pooled estimates and minimize 212 

potential bias introduced by distributional assumptions. 213 
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Statistical analysis: 214 

All extracted outcomes were treated as continuous or dichotomous variables. For continuous 215 

outcomes, standardized mean differences (SMDs) with 95% confidence intervals (CIs) were 216 

calculated. 217 

The meta-analyses were conducted in R (metafor package) via random effects models with 218 

restricted maximum likelihood (REML) estimation. Given the small number of studies and 219 

anticipated heterogeneity, Hartung–Knapp adjustment was applied to derive more conservative 220 

confidence intervals. 221 

Between-study heterogeneity was quantified via τ² and the I² statistic, with I² values >50% 222 

considered indicative of substantial heterogeneity. Prediction intervals were calculated to reflect 223 

the range of true effects across populations. 224 

Influence diagnostics and leave-one-out analyses were performed to assess robustness and identify 225 

influential studies. Sensitivity analyses excluded influential trials to evaluate the stability of pooled 226 

estimates. 227 

Forest plots were generated to visualize pooled effects, with a null-effect reference line and 228 

diamonds representing combined effect estimates. 229 

RevMan and R version 4.3 were used. 230 

[24]. 231 

Results 232 

1. Characteristics of the Included Studies 233 

 Fourteen studies encompassing a range of designs and geographical locations were selected for 234 

this systematic review. These included randomized double-blind placebo-controlled trials (RCTs), 235 

prospective interventional cohort studies, observational follow-up studies, and cross-sectional 236 

analyses. The studies were conducted in various countries, including Denmark, Brazil, Iran, the 237 

Netherlands, Belgium, Canada, China, India, and Ireland. The participant populations consisted 238 
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primarily of patients with Crohn's disease (CD) and ulcerative colitis (UC), both in active disease 239 

phases and in remission. 240 

Across studies, participants were predominantly adult patients, typically aged between 18 and 70 241 

years, with reported mean ages generally in the fourth decade of life where specified. Both male 242 

and female participants were represented in all included studies. However, demographic reporting 243 

formats varied substantially across trials, with some reporting age ranges, others mean or median 244 

ages, and several not providing detailed sex distributions, limiting pooled demographic analyses. 245 

Consequently, demographic characteristics are summarized descriptively in Table 3. 246 

Baseline vitamin D levels were often used as inclusion criteria, and many studies focused on 247 

patients with vitamin D deficiency or insufficiency. The common outcomes investigated included 248 

disease activity indices, inflammatory biomarkers (such as C-reactive protein, fecal calprotectin, 249 

and erythrocyte sedimentation rate), serum vitamin D levels, clinical relapse outcomes, 250 

maintenance of remission, and health-related quality of life. A summary of study characteristics 251 

and outcomes is reported in Table 3. 252 

 253 

2.1 Rate of Clinical Relapse and Maintenance of Remission 254 

The impact of vitamin D supplementation on clinical relapse rates and maintenance of remission 255 

was heterogeneous and inconsistent across the included studies. Overall, 10 of the 14 studies 256 

reported favorable associations between vitamin D supplementation and outcomes related to 257 

disease activity (e.g., relapse rates, remission status, inflammatory biomarkers, or quality of life), 258 

three studies reported no statistically significant associations, and one study reported mixed results 259 

depending on dose and outcome [34,35]. 260 

Across pooled analyses, the summary effect on disease activity was modest and did not remain 261 

statistically significant under random-effects Hartung–Knapp adjustment, indicating uncertainty 262 

in the magnitude and robustness of the observed benefit. 263 

A reduction in relapse was reported in selected Crohn’s disease (CD) cohorts. Remission appeared 264 

more frequently among CD patients with serum vitamin D levels >30 ng/mL [25]. In one trial, no 265 
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relapses occurred among vitamin D-treated CD patients, whereas 6 of 20 placebo patients 266 

experienced relapses over 12 months [26]. Another study reported lower relapse rates in vitamin 267 

D-treated CD patients (13% vs. 29%, p = 0.06) [38]. A separate cohort study revealed higher 268 

remission rates among supplemented CD patients (83.8% vs. 61.6%, p = 0.030), with greater 269 

benefit observed among individuals with baseline vitamin D deficiency [30]. 270 

Among ulcerative colitis (UC) patients, oral nanovitamin D supplementation was associated with 271 

greater improvement in the UC Disease Activity Index (UCDAI), with a 3-point reduction 272 

observed more frequently in the vitamin D group (53% vs. 13%, p = 0.001), particularly among 273 

those who achieved posttreatment vitamin D levels >40 ng/mL [36]. Dose-dependent effects were 274 

reported in selected studies. According to a per-protocol analysis, high-dose vitamin D was 275 

associated with lower relapse rates than low-dose supplementation was (0% vs. 37.5%, p = 0.049) 276 

[31]. Additionally, CD patients receiving high-dose vitamin D required less infliximab dose 277 

escalation than did placebo-treated patients (14% vs. 46%, p = 0.05) [26]. 278 

However, several studies reported no statistically significant benefit. High-dose vitamin D did not 279 

reduce postoperative endoscopic or clinical recurrence in patients with CD (18.1% vs. 18.3%, p = 280 

0.91) [28]. Another study reported no additional remission benefit among patients who already 281 

responded to infliximab despite low baseline vitamin D levels [34]. Overall, the evidence suggests 282 

a possible modest association between vitamin D supplementation and relapse prevention, but the 283 

results remain inconsistent, and heterogeneity in disease state, dosing regimens, co-therapy 284 

exposure, and study design limits definitive causal inference. 285 

2.2 Biochemical activity 286 

Across the included studies, the biochemical outcomes revealed heterogeneous and inconsistent 287 

responses to vitamin D supplementation. While nine studies reported favorable changes in 288 

inflammatory biomarkers or immune mediators, three studies reported no statistically significant 289 

additional benefit in terms of biochemical disease activity endpoints [27,29]. 290 

In patients with Crohn’s disease (CD), the level of fecal calprotectin (FC) decreased significantly 291 

in the highest-dose vitamin D group (50,000 IU/week; p = 0.04), although the level of C-reactive 292 

protein (CRP) did not change overall after 52 weeks. Patients who achieved serum vitamin D levels 293 
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>30 ng/mL presented lower FC (p = 0.02) and CRP (p = 0.01) than did those whose levels remained 294 

below this threshold [25]. Among ulcerative colitis (UC) patients, high-sensitivity CRP (hs-CRP) 295 

decreased significantly in the vitamin D group (p = 0.023), and the erythrocyte sedimentation rate 296 

(ESR) also decreased following supplementation [36]. However, pooled meta-analytic estimates 297 

for CRP did not demonstrate a statistically significant overall effect, indicating variability across 298 

studies. 299 

 Cytokine-focused studies reported the modulation of mucosal immune signaling. High-dose 300 

vitamin D, alone or in combination with infliximab, was associated with reduced mucosal 301 

expression of IL-17A, IFN-γ, and IL-10 in the treatment groups (p values ranging from 0.002--302 

0.04) [32]. Despite these immunological changes, high-dose vitamin D monotherapy did not 303 

significantly reduce systemic CRP or calprotectin levels. Additional findings included higher 304 

baseline IL-6 levels among patients with low vitamin D status (p = 0.004) and lower IL-12 levels 305 

in CD patients initiating infliximab (p = 0.006) [34]. At week 14, the IL-8 levels were lower in the 306 

low vitamin D group (p = 0.005). The serum IL-10 level was significantly increased among CD 307 

patients receiving vitamin D₃ in combination with infliximab (p = 0.037) [30].Overall, vitamin D 308 

supplementation was associated with changes in selected inflammatory and immune biomarkers, 309 

but the effects on systemic inflammatory markers such as CRP and TNF-α were inconsistent and 310 

not statistically significant in pooled analyses, highlighting substantial between-study 311 

heterogeneity. 312 

2.3 Health-Related Quality of Life (HRQoL) 313 

  Vitamin D supplementation often leads to improvements in patients’ reported quality of life. 314 

Improvements in the Inflammatory Bowel Disease Questionnaire (IBDQ) score were observed in 315 

all the groups, with statistically significant differences between the two high-dose groups (p = 0.04 316 

and p = 0.01) [25]. Patients with serum 25-hydroxyvitamin D [25(OH)D] levels greater than or 317 

equal to 75 nmol/L had significantly higher quality of life scores (p = 0.037) [33]. In UC patients, 318 

the IBDQ score was significantly greater in the high-dose vitamin D group than in the low-dose 319 

vitamin D group (p = 0.07) [35]. 320 

2. Secondary Outcomes 321 

Jo
ur

na
l P

re
-p

ro
of



Several studies have explored secondary outcomes related to immunological mechanisms, 322 

vitamin D metabolism, and safety. 323 

3.1 Vitamin D levels and safety 324 

 All studies in which vitamin D supplementation was administered reported significant increases 325 

in serum 25-hydroxyvitamin D [25(OH)D] levels, confirming the biochemical effectiveness of 326 

supplementation in improving vitamin D status [26]. Across pooled analyses, vitamin D 327 

supplementation was associated with a large standardized mean increase in circulating 25(OH)D, 328 

although between-study heterogeneity was substantial. 329 

Examples of observed increases include the following: 330 

• A total of 20,000 IU/day for seven weeks increased the serum 25(OH)D level in Crohn’s 331 

disease (CD) patients by approximately 3.4- to 4.6-fold. 332 

• A total of 1200 IU/day in CD patients increased the mean 25(OH)D from 69 nmol/L to 333 

96 nmol/L after three months. 334 

• High-dose vitamin D (10,000 IU/day) in CD patients in remission increased the mean 335 

25(OH)D from 73.5 nmol/L to 160.8 nmol/L [38]. 336 

• In ulcerative colitis (UC), a single intramuscular dose of 300,000 IU increased the mean 337 

25(OH)D concentration from 33.3 ng/mL to 40.8 ng/mL. 338 

Across trials, high-dose vitamin D regimens were generally well tolerated. No cases of 339 

hypercalcemia or hyperphosphatemia were reported, and the serum calcium and phosphate levels 340 

remained within reference ranges, including in studies in which prolonged high-dose 341 

supplementation was administered. Safety assessments consistently revealed that the high doses 342 

of vitamin D used were well tolerated across studies [31]. No hypercalcemia or 343 

hyperphosphatemia was reported, and the calcium ion and phosphate levels remained within the 344 

reference ranges, especially in CD patients.345 
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Results of the Quality Assessment 346 

A total of 10 included studies were analyzed via the Cochrane ROBv2 tool, and the remaining two 347 

studies were assessed via the ROBINS-1 tool. The risk of bias in individual studies was represented 348 

as a “traffic light” plot. The risk in the individual domains was further demonstrated via a 349 

“summary plot” (Figures 2-5). 350 

 351 

Meta-Analysis 352 

Primary outcomes 353 

1. Target vitamin D levels 354 

One of the primary outcomes of this study was to determine whether vitamin D supplementation 355 

in patients with inflammatory bowel disease (IBD) achieved target therapeutic levels. A total of 356 

11 studies provided quantifiable data for this outcome. However, one study (Jørgensen et al., 2010) 357 

was removed from the analysis because all participants in the cohort were administered 358 

supplementary doses of vitamin D either before the intervention or during follow-up. 359 

As evident from the analysis, all 10/10 (100%) of the remaining studies showed a significant 360 

improvement in vitamin D levels across all patient cohorts. The overall effect size was SMD = 1.41 361 

(95% CI: 0.86 to 1.96). These findings indicate that vitamin D supplementation significantly 362 

increases serum vitamin D levels in IBD patients. The p value 363 

However, the I² value was 89%, indicating high heterogeneity across the included studies. Despite 364 

the significant overall effect, the high heterogeneity suggests that factors such as the form of 365 

vitamin D used (cholecalciferol vs. ergocalciferol), the dose, and/or patient characteristics may 366 

have influenced the results. 367 

The forest plot for this analysis is provided in Figure 6. 368 

 369 

 370 
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Figure 7. Forest plot showing the effect of vitamin D supplementation on serum 25(OH)D levels 371 

in patients with inflammatory bowel disease. Effect sizes are expressed as standardized mean 372 

differences (SMDs) via a random-effects model with restricted maximum likelihood estimation 373 

and Hartung–Knapp adjustment. Vitamin D supplementation was associated with a large increase 374 

in serum 25(OH)D levels, although substantial heterogeneity was observed across studies (I² ≈ 375 

94%). 376 

2. Disease activity index (CDAI score >150) 377 

The forest plot presents the effect of vitamin D supplementation on Crohn’s Disease Activity 378 

Index (CDAI) scores >150, indicating mild disease activity. In pooled random-effects meta-379 

analysis using restricted maximum likelihood estimation with Hartung–Knapp adjustment, 380 

vitamin D supplementation was not associated with a statistically significant reduction in disease 381 

activity (SMD = −0.56, 95% CI −1.94--0.82; p = 0.29). Between-study heterogeneity was 382 

substantial (I² = 87.8%), indicating considerable variability in effect estimates across the 383 

included trials. Influence diagnostics identified one study (Raftery et al., 2015) as a dominant 384 

outlier. After excluding this study from the sensitivity analysis, heterogeneity was eliminated (I² 385 

= 0%), and the pooled effect remained nonsignificant (SMD = −0.19, 95% CI −0.59--0.21; p = 386 

0.17; Supplementary Figure S1A–B). 387 

These findings suggest that any potential effect of vitamin D on CDAI scores is modest, 388 

inconsistent, and sensitive to influential trials, and the current evidence does not support a robust 389 

clinically meaningful reduction in disease activity (Figure 7). 390 

 391 

Figure. Forest plot showing the effect of vitamin D supplementation on CDAI scores >150 in 392 

patients with inflammatory bowel disease. Effect estimates are based on a random-effects model 393 

(REML) with Hartung–Knapp adjustment. No statistically significant pooled reduction in disease 394 

activity was observed, and substantial heterogeneity was present across studies. 395 

Secondary Outcomes 396 

1. Biochemical changes that predict disease course 397 
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1.1 Estimated CRP levels in the experimental and control groups 398 

 A forest plot was generated to assess the effects of vitamin D supplementation across various 399 

dosing regimens (2000 IU/day, 5000 IU/day, 10,000 IU/day, and 125 IU/day) on C-reactive 400 

protein (CRP), a systemic inflammatory biomarker of inflammatory bowel disease. Individual 401 

study results were inconsistent, with some trials reporting reductions in CRP following vitamin 402 

D supplementation, whereas others reported minimal or no effect. The pooled standardized mean 403 

difference (SMD) was −0.06 (95% CI: −0.49--0.37), indicating no statistically significant overall 404 

effect of vitamin D supplementation on CRP levels (p = 0.78). Moderate between-study 405 

heterogeneity was observed (I² = 57%), suggesting variability in effect estimates that may reflect 406 

differences in study populations, vitamin D dosing protocols, baseline inflammatory activity, and 407 

CRP measurement methods. Overall, the findings do not provide evidence of a consistent effect 408 

of vitamin D supplementation on CRP levels in patients with IBD (Figure S2). 409 

 410 

1.2 Estimated TNF-α levels in the experimental and control groups 411 

A forest plot was generated to evaluate the effect of vitamin D supplementation on circulating 412 

tumor necrosis factor-α (TNF-α) levels in patients with inflammatory bowel disease. Individual 413 

study findings were inconsistent, with some trials reporting reductions in TNF-α following 414 

supplementation, whereas others reported no meaningful change. The pooled standardized mean 415 

difference (SMD) was 0.37 (95% CI: −0.51--1.25), indicating that vitamin D supplementation had 416 

no statistically significant overall effect on TNF-α levels (p = 0.41). Between-study heterogeneity 417 

was very high (I² = 92%), suggesting substantial variability in study design, baseline inflammatory 418 

activity, dosing regimens, and laboratory measurement methods. Overall, the available evidence 419 

does not support a consistent or reliable effect of vitamin D supplementation on TNF-α 420 

concentrations in patients with IBD (Figure S3). 421 

 422 

Discussion 423 
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This meta-analysis synthesized data from 14 studies to evaluate the associations between vitamin 424 

D supplementation and disease activity, remission, and inflammatory markers in patients with 425 

IBD. Our comprehensive analysis aimed to demonstrate the effect of vitamin D on the complex 426 

disease course of IBD. The findings revealed a multifocal role of vitamin D, demonstrating a 427 

significant capacity to increase serum vitamin D levels and a significant, albeit heterogeneous, 428 

association with improved disease activity and inflammatory biomarkers, particularly in patients 429 

with baseline vitamin D deficiency. Given the clinical and methodological heterogeneity across 430 

included trials, pooled findings should be interpreted as hypothesis-generating rather than practice-431 

changing, highlighting the need for adequately powered trials with standardized interventions and 432 

relapse-based outcomes. 433 

Interpretation of Findings 434 

The meta-analysis consistently demonstrated that vitamin D supplementation significantly 435 

increased serum 25-hydroxyvitamin D (25-OHD) levels across all patient cohorts, with a 436 

significant overall effect size of SMD=1.41 (95% CI: 0.86, 1.96; p<0.00001). This biochemical 437 

correction of vitamin D status is a fundamental prerequisite for any potential therapeutic effect, 438 

confirming the effectiveness of the various supplementation regimens employed across the 439 

included studies. In terms of clinical outcomes, our pooled analysis indicated was not associated 440 

with statistically significant reduction in disease activity, as measured by CDAI scores (>150), 441 

favoring the vitamin D intervention group (p=0.01). These findings suggest that vitamin D 442 

supplementation may be associated with modest changes in disease activity, although the effects 443 

are heterogeneous and not statistically robust under conservative modeling. Consistent with this, 444 

the majority of individual studies (10 out of 14) reported a positive association between vitamin D 445 

supplementation and improved outcomes related to disease activity, including reduced relapse 446 

rates, remission, decreased inflammatory marker levels, and improved quality of life. Furthermore, 447 

vitamin D deficiency may partly reflect disease severity and inflammatory burden rather than act 448 

as an independent causal factor, making it difficult to disentangle whether supplementation directly 449 

improves outcomes or primarily corrects a marker of disease activity. 450 

In contrast, the clinical benefits were not universally consistent across all studies and IBD 451 

subtypes. Some trials, such as de Bruyn et al. (2021), reported no significant effect of high-dose 452 
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vitamin D on preventing postoperative endoscopic or clinical recurrence of CD (18.1% in the 453 

vitamin D group vs. 18.3% in the placebo group; p=0.91) [28]. Reich et al. (2016) even presented 454 

an intriguing finding, where patients with low baseline vitamin D initiating infliximab surprisingly 455 

achieved better clinical remission at weeks 14 and 22, suggesting that low vitamin D might serve 456 

as a marker for TNF-driven disease rather than a direct causative factor for poor response in that 457 

context[34]. These findings were further confirmed by previously published evidence in a study 458 

by Winter et al. (2017) [39]. Improvements in health-related quality of life (HRQoL) have been 459 

frequently reported, with Bafutto et al. (2020) observing statistically significant improvements in 460 

the Inflammatory Bowel Disease Questionnaire (IBDQ) in higher-dose groups[25]. Raftery et al. 461 

(2015) linked serum 25(OH)D levels greater than or equal to 75 nmol/L to significantly higher 462 

quality of life scores[33]. Karimi et al. (2020) reported a significant increase in the IBD-Q score 463 

in patients with UC in the high-dose vitamin D group [35]. These findings highlight the patient-464 

related benefits of supplementation beyond those objective disease markers. The findings were 465 

consistent, but they could not be pooled into a meta-analysis because of the lack of coherent 466 

outcomes reported in different studies. 467 

Comparison with previous literature 468 

Different randomized trials and meta-analyses have shown that vitamin D increases 25(OH)D 469 

levels and can lower inflammatory marker levels; pooled evidence suggests reduced overall 470 

clinical relapse, particularly in patients with Crohn’s disease. However, these trials are small-scale 471 

and heterogeneous in dose/formulation, and findings are often inconsistent for ulcerative colitis. 472 

[40] According to a recent meta-analysis published in 2021, oral vitamin D supplementation was 473 

found to be a safe therapeutic approach that increased the serum 25-hydroxyvitamin D 474 

concentration and decreased the serum C-reactive protein level but did not lower the erythrocyte 475 

sedimentation rate, disease activity index, or relapse rate. This analysis was based on a pooled 476 

analysis of 17 trials involving 1127 patients. [41] These findings are consistent with the findings 477 

of the current study, which showed similar results for all the studied variables. These results imply 478 

that oral vitamin D supplementation may be useful in the treatment of IBD. Interestingly, in 479 

another study, among 458 IBD patients, the pooled risk ratio for clinical relapse was 0.64 (95% 480 

CI: 0.46–0.89; I2 = 25%). This appears to be true for people with Crohn's disease (CD), however. 481 

In fact, the study included only two studies with 67 ulcerative colitis patients. 482 
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 483 

Nutritional status, malnutrition, and precision vitamin D supplementation in IBD 484 

In addition to immunologic effects, inflammatory bowel disease is increasingly recognized as a 485 

condition characterized by the interconnected triad of chronic inflammation, metabolic 486 

dysregulation, and disease-related malnutrition, which may influence responsiveness to nutritional 487 

interventions and contribute to heterogeneous treatment effects [42]. Recent multicenter evidence 488 

has demonstrated a high prevalence of malnutrition and micronutrient deficiencies among patients 489 

with IBD, reinforcing the importance of routine nutritional screening and targeted correction of 490 

deficiencies, including vitamin D deficiencies [43]. 491 

 492 

Mechanistic and translational research further supports a biologically plausible role for vitamin D 493 

in intestinal barrier integrity, antimicrobial peptide expression, and mucosal immune regulation, 494 

emphasizing its function as a host-modulating nutrient rather than a conventional anti-495 

inflammatory drug [44]. These findings align with the variable clinical effects observed in the 496 

present meta-analysis and suggest that vitamin D supplementation may exert the greatest benefit 497 

in patients with baseline deficiency, elevated inflammatory burden, or specific disease phenotypes. 498 

Emerging expert consensus recommends transitioning from uniform supplementation strategies 499 

toward precision-nutrition approaches, incorporating baseline vitamin D status, disease activity, 500 

inflammatory markers, and individualized dosing frameworks to optimize therapeutic benefit [45]. 501 

This targeted model may help explain the heterogeneity observed across trials and provide a 502 

framework for future interventional studies seeking to identify patient subgroups most likely to 503 

derive meaningful clinical benefit. 504 

 505 

Clinical and Public Health Implications 506 

Cumulative evidence from this meta-analysis suggests that vitamin D supplementation has 507 

significant clinical implications for IBD management. Given its ability to reliably correct vitamin 508 

D deficiency and its possible modest association with improved outcomes. [46] This could reduce 509 

reliance on conventional immunosuppressive drugs or biologics, thereby mitigating their 510 

associated side effects and potentially lowering healthcare costs associated with frequent flare-ups, 511 

hospitalizations, and complex treatments. From a public health perspective, these findings 512 

highlight the critical importance of routine vitamin D screening in patients with IBD, especially 513 
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considering the high prevalence of vitamin D deficiency in this population. [47] Incorporating 514 

regular vitamin D supplementation tailored to individual needs and baseline status could be a 515 

simple yet impactful component of a broader therapeutic strategy to improve disease outcomes 516 

and overall well-being in patients with IBD. 517 

Recommendations for Future Research 518 

Despite these promising signals, several critical gaps remain that warrant further investigation to 519 

elucidate the role of vitamin D in IBD management. 520 

1. Optimal Dosage and Formulation: Substantial heterogeneity in dosing regimens (e.g., Bafutto 521 

et al. (2020) tested 2,000 to 50,000 IU/week; Narula et al. (2017) used 1,000 vs. 10,000 IU daily; 522 

Sharifi et al. (2016) used a single 300,000 IU IM injection), preventing definitive conclusions 523 

regarding the most effective dose, route, and formulation. Future head‒to-head dose‒finding RCTs 524 

are essential to establish optimal vitamin D regimens for IBD patients. [48] 525 

2. Long-term effects: Most studies included in this meta-analysis had relatively short follow-up 526 

periods (typically 6–12 months). Long-term studies are crucial to determine whether the observed 527 

benefits, particularly regarding relapse prevention and sustained remission, are durable over 528 

extended periods. Achieving sustained remission while limiting persistent immunosuppression is 529 

a major problem for patients with IBD, a chronic illness, to lower risks and maintain future 530 

therapeutic options (including effective retreatment with the same medication if necessary). Thus, 531 

determining the best time and conditions for biological de-escalation is of clinical interest. [49] 532 

3. Personalized Approaches: Given the observed heterogeneity and potential for differential 533 

benefits, future research should explore personalized vitamin D supplementation strategies. This 534 

includes stratifying patients on the basis of baseline vitamin D levels, disease activity, specific 535 

IBD phenotypes (CD vs. UC), and genetic factors to identify subgroups most likely to derive 536 

significant clinical benefits. 537 

4. Mechanisms of action: While some studies have explored changes in cytokines (e.g., Bendix 538 

et al. (2020) on IL-17A, IFNγ, and IL-10) and antimicrobial peptides (Sharifi et al. (2016) on 539 

cathelicidin), more in-depth mechanistic studies are needed to fully elucidate how vitamin D 540 
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modulates immune function and inflammation in IBD at the molecular level. [50] This includes 541 

investigating its interactions with specific immune cells, such as T lymphocytes and dendritic cells. 542 

5. Interaction with IBD Therapies: Future studies should prospectively evaluate the long-term 543 

safety of vitamin D supplementation and its potential interactions with existing IBD therapies, 544 

including biologics. [51] Retrospective data suggest that vitamin D status may influence biological 545 

response, but randomized controlled trials are scarce. 546 

Strengths and Limitations 547 

This meta-analysis has several strengths. The inclusion of RCTs and observational studies, 548 

encompassing diverse IBD subtypes and geographical locations, contributed to the breadth and 549 

potential generalizability of the findings. The application of validated statistical techniques, such 550 

as SMD for continuous outcomes, allows for the quantitative synthesis of effects across studies, 551 

despite varying measurement scales. Furthermore, a detailed assessment of the risk of bias via the 552 

RoB 2 tool for RCTs and the ROBINS-I tool for nonrandomized studies contributes to a 553 

transparent evaluation of evidence quality. Inflammatory marker dynamics, such as changes in 554 

cytokine expression (e.g., IL-17A, IFNγ, and IL-10) and antimicrobial peptides (e.g., cathelicidin), 555 

further support the biological plausibility of the anti-inflammatory and mucosal-defense roles of 556 

vitamin D in IBD. 557 

Despite these strengths, several limitations of this study warrant careful consideration when our 558 

findings are interpreted. Inconsistent reporting of participant age and sex across studies, which 559 

restricts subgroup analyses and limits patient-level clinical inference. Another prominent 560 

limitation is the significant heterogeneity observed in many analyses, with I² values as high as 89% 561 

for serum vitamin D levels and 78% for CDAI scores. The heterogeneity of TNF-α levels was 562 

particularly high (I²=92%). This substantial variability underscores significant differences in study 563 

design, patient demographics, disease activity at baseline, intervention protocols (e.g., vitamin D 564 

formulations, doses, routes, and duration), and methodologies for outcome assessment. Such 565 

heterogeneity can reduce the precision and generalizability of pooled estimates. Second, several 566 

included studies were characterized by small sample sizes, which limits their statistical power to 567 

detect subtle but clinically meaningful differences, particularly for endpoints, such as relapse rates. 568 

The risk of bias assessment also revealed that some studies had a moderate to high risk of bias, 569 
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primarily due to issues such as unclear allocation concealment, inadequate blinding, and potential 570 

selective reporting. This susceptibility to bias in individual studies could affect the overall 571 

reliability of the meta-analysis findings. Furthermore, the short follow-up periods in many studies, 572 

typically ranging from 6-12 months, may not be sufficient to capture long-term disease outcomes, 573 

particularly concerning relapse prevention or sustained remission. There was also a predominance 574 

of data from Crohn's disease patients, particularly those in remission, indicating that the evidence 575 

for ulcerative colitis and active disease stages remains comparatively sparse and inconsistent. 576 

Finally, inconsistent reporting of intention-to-treat versus per-protocol analyses, as noted by 577 

Narula et al. (2017), complicates direct comparisons and can influence perceived efficacy. 578 

 579 

Conclusion 580 

In conclusion, this meta-analysis provides low-certainty evidence that vitamin D 581 

supplementation effectively increases serum vitamin D levels in patients with IBD and shows 582 

limited and heterogeneous associations with disease activity and favorable modulation of 583 

inflammatory markers, particularly in patients with baseline vitamin D deficiency. Although the 584 

high degree of heterogeneity across studies and some inconsistent clinical findings highlight the 585 

complexity of this intervention, the overall signal is promising. Further targeted research is 586 

essential to optimize dosing strategies, understand long-term effects, clarify mechanisms of action, 587 

and refine patient selection criteria to fully understand the therapeutic potential of vitamin D in 588 

IBD management. 589 
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 784 

Table 1 785 

PICOS framework for the literature search 786 

 787 

PICO 

Element 
Description 

Population 

Children or adults with Crohn's Disease (CD), Ulcerative 

Colitis (UC), or Inflammatory Bowel Disease Unclassified 

(IBDU) in clinical remission at baseline. 

Intervention 

Vitamin D supplementation (any route, formulation, dose; 

either monotherapy or adjunct to usual IBD maintenance 

therapy). 

Comparator Placebo, no vitamin D, or standard care without vitamin D. 

Outcomes 

Primary: Clinical relapse during follow-up (6, 12, or 24 

months). Secondary: Endoscopic relapse; biochemical 

activity (fecal calprotectin, CRP, IL-6, IL-10, etc.); health-

related quality of life (IBDQ); serum 25(OH)D achieved; 

adverse events (AEs, serious AEs); hospitalization. Although 

clinical relapse was defined as the primary outcome, most 

eligible trials reported disease activity indices (e.g., CDAI or 

Mayo score) rather than relapse, resulting in a protocol 

deviation that is explicitly acknowledged in interpretation. 
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 793 

Table 2 794 

Inclusion and Exclusion Criteria for the Review 795 

 796 

Criteria Inclusion Exclusion 

Study Design 

Randomized controlled trials (parallel 

or cluster), quasirandomized trials, 

controlled cohort studies 

Cross-sectional studies, case 

series 

Participants 

Clinically confirmed IBD in active or 

remission state (by CDAI <150, partial 

Mayo ≤2 with no subscore >1, 

physician assessment, or endoscopic 

remission); Mixed-activity cohorts 

Perioperative prophylaxis: Case 

reports; preinterventional 

vitamin D supplementation 

Interventions 

Cholecalciferol (D3) or ergocalciferol 

(D2), oral or IM; daily/weekly/bolus; 

cosupplementation allowed if identical 

across arms 

Combination drugs not isolating 

the effect of vitamin D 

Comparators 
Placebo, no vitamin D, or different 

doses 
- 

Follow-up 

Duration 

≥24 weeks; plan time-point analyses at 

6±2 months and 12±3 months 
- 

Setting Any None specified 

Language/Years June 2000 to June 2025 - 
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Table 3. Summary of study design, vitamin D regimens, and key clinical outcomes across 800 

included trials. 801 

Author 

(Year) 
Design/Setting 

Population 

(N) 

Age 

(reported) 
Sex 

Intervention vs 

Control 
Duration 

Primary 

Outcomes 

Key 

Findings 

Bafutto 

2020 

Double-blind 

RCT, Brazil 

30 CD on 

anti-TNF 
18–70 yrs Both 

VD 2k vs 10k 

vs 50k IU/week 
52 wks 

CDAI, FC, 

CRP 

VD with 

anti-TNF 

improved 

remission; 

>30 ng/mL 

better 

outcomes 

Bendix 2017 RCT, Denmark 40 CD 
Adults 

≥18 yrs 
Both 

VD3 1200 

IU/day vs 

placebo 

26 wks 
PD-1 

expression 

VD 

increased 

immune 

tolerance 

markers 

Dadaei 2015 RCT, Iran 108 IBD 
Adults 

≥18 yrs 
Both 

VD3 50,000 

IU/week vs 

none 

12 wks 
TNF-α, 

CDAI 

VD 

increased 

vitamin D 

levels; TNF-

α reduction 

NS 

de Bruyn 

2021 

Multicenter 

RCT, NL/BE 

143 CD 

postresection 

Adults 

≥18 yrs 
Both 

VD3 25,000 

IU/week vs 

placebo 

26 wks 
Rutgeerts 

score 

No reduction 

in recurrence 

Sharifi 2016 
Double-blind 

RCT, Iran 

90 UC 

remission 

Adults 

≥18 yrs 
Both 

IM VD3 

300,000 IU vs 

placebo 

3 mo 
hs-CRP, 

ESR 

VD reduced 

inflammatory 

markers 
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Author 

(Year) 
Design/Setting 

Population 

(N) 

Age 

(reported) 
Sex 

Intervention vs 

Control 
Duration 

Primary 

Outcomes 

Key 

Findings 

Xia 2021 
Retrospective 

cohort, China 

73 CD on 

IFX 

Mean ≈40 

yrs 
Both 

VD3 125 

IU/day vs none 
54 wks 

HBI 

remission 

VD 

improved 

IFX response 

Narula 2017 
Pilot RCT, 

USA 

34 CD 

remission 
18–70 yrs Both 

VD3 10,000 vs 

1,000 IU/day 
12 mo 

Relapse, 25-

OHD 

High dose 

safe; relapse 

difference 

NS 

Bendix 2020 
Double-blind 

RCT, Denmark 
40 active CD 18–80 yrs Both IFX ± VD3 7 wks 

Mucosal 

cytokines 

VD 

decreased 

cytokines; 

limited 

clinical 

change 

Raftery 

2015 

Pilot RCT, 

Ireland 

27 CD 

remission 

Adults 

≥18 yrs 
Both 

VD3 2000 

IU/day vs 

placebo 

3 mo 
Intestinal 

permeability 

VD 

improved 

barrier 

function 

Reich 2016 
Prospective 

cohort, Canada 

28 CD 

starting IFX 

Adults 

≥18 yrs 
Both 

VD 

supplementation 

if deficient 

22 wks 
HBI 

remission 

Low VD 

predicted 

better IFX 

response 

Karimi 2020 
Double-blind 

RCT, Iran 
50 active UC 

Adults 

≥18 yrs 
Both 

VD 2000 vs 

1000 IU/day 
12 wks 

hs-CRP, 

TNF-α 

Higher dose 

reduced 

inflammation 

Ahamed 

2019 

Double-blind 

RCT, India 
60 active UC 

Adults 

≥18 yrs 
Both 

Nano-VD3 vs 

placebo 
4 wks UCDAI 

VD 

improved 
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Author 

(Year) 
Design/Setting 

Population 

(N) 

Age 

(reported) 
Sex 

Intervention vs 

Control 
Duration 

Primary 

Outcomes 

Key 

Findings 

clinical 

outcomes 

Bendix 2021 

Follow-up 

cohort, 

Denmark 

CD on IFX 
Adults 

≥18 yrs 
Both 

Prior VD vs 

placebo 
45 wks 

IFX 

escalation 

VD reduced 

need for IFX 

escalation 

Jørgensen 

2010 

Multicenter 

RCT, Denmark 

94 CD 

remission 

Adults 

≥18 yrs 
Both 

VD3 1200 IU + 

Ca vs Ca 
12 mo Relapse rate 

VD reduced 

relapse (NS) 

Age and sex reporting varied across studies, and demographic data were inconsistently reported, 802 

limiting pooled demographic analysis.803 
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Figure 1 

PRISMA chart for the systematic review 
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Figure 2 

Traffic light plot showing the risk of bias across randomized controlled trials (ROBv2)

 

Risk of bias summary plot for randomized controlled trials assessed via the Cochrane Risk 

of Bias 2 (ROB2) tool. Green indicates low risk, yellow indicates some concerns, and red indicates 

high risk across bias domains. 

Figure 3 

Summary plot for risk across individual domains of bias via the ROBv2 tool 

Traffic 

light plot illustrating study-level risk of bias judgments for randomized controlled trials across 

ROB2 domains. 
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Figure 4 

Traffic lights plot for risk of bias in nonrandomized interventional studies using ROBINS-1 

 

 

 

Figure 5 

Summary plot for risk across individual domains of bias in observational studies (ROBINS-1) 
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Figure 6 

Forest plot for target serum vitamin D levels after supplementation (experimental vs. control) 

 

 

Figure 7 

Forest plot of the CDAI scores in the experimental and control groups 
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