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THE SAFETY AND 
EFFICACY OF VITAMIN D 
AND PROBIOTIC  
THERAPY IN MILD-TO-
MODERATE ULCERATIVE 
COLITIS
BY CHLOE WORTHINGTON  

Chloe is an ACNEM student member with a special interest in digestive health and 
patient-centred, evidence-based integrative healthcare and nutraceutical research. 
Chloe is passionate about exploring the power of optimal nutrition and nature 
connectedness for healing, vitality, and wellness.

ABBREVIATIONS

25OHD 25-hydroxy vitamin D
25OHD3 Calcifediol
5-ASA 5-aminosalicylate drugs
AEs Adverse events
B Bifidobacterium
BFM Bifidobacteria-fermented milk
BMI Body mass index
BTV Bifid Triple Viable
CFU Colony-forming units
CRP C-reactive protein
DAI Disease activity index
DB Double-blind
ESR Erythrocyte sedimentation rate
FMT Faecal microbiota transplantation
hs-CRP High-sensitivity C-reactive protein
IBD Inflammatory bowel disease
IBDQ-9 Inflammatory bowel disease 

questionnaire

IFNγ Interferon gamma
IL Interleukin
IU International units
L Lactobacillus
MA Meta-analysis
m-RNA Messenger ribonucleic acid

PTH Parathyroid hormone
QOL Quality of life
RCT(s) Randomised controlled trial(s)
SR(s) Systematic review(s)
TAC Total antioxidant capacity
Th T-helper
TOS Total oxidant status
TNFα Tumour necrosis factor alpha
UC Ulcerative colitis
VitD Vitamin D

INTRODUCTION

Environmental influences exert important roles on the 
pathogenesis of inflammatory bowel disease [ IBD] 
(Vedamurthy, 2019). Ulcerative colitis [UC] is a chronic, 
relapsing and remitting IBD affecting the colonic mucosa. 
Globally, the incidence and prevalence of IBD and UC are 
increasing and associated with economic burden and 
reduced quality of life [QOL] (Naghavi, 2020, p. 18). Vitamin D 
[VitD] is anti-inflammatory and has been shown to support 
nnate immune functionality. Probiotics mediate microbial 
diversity, correct dysbiosis and restore epithelial integrity. 
A comprehensive literature search was conducted online 
with strict inclusion/exclusion criteria. Published randomized 
controlled trials (RCTs) were included from electronic 
databases (Embase, PubMed, Web of Science, Cochrane 
library and so forth). This paper methodically examines 4 
Systematic Reviews [SRs] and Meta-Analyses [MAs] and 
4 randomised controlled trials [RCTs] pertaining to the 
safety/efficacy of VitD and probiotics in UC. Please refer to 
appendix 1 for the inclusion criteria. 

ULCERATIVE COLITIS

PATHOPHYSIOLOGY

The etiopathogenesis of UC is complex, progressive and 
involves defective colonic mucin and tight junction protein 
expression. Impaired epithelial integrity alters microbiota 
composition and induces unfavourable, abnormal 
dendritic and T-helper [Th] cell activity (Lynch & Hsu, 
2021). This provokes leukocyte recruitment, adhesion and 
extravasation, and tumour necrosis factor alpha [TNFα] 
and interleukin [IL]-13 cytokine release. These conditions 
perpetuate diffuse inflammation, friability and superficial 
erosions, which presents as diarrhoea, abdominal pain, 
tenesmus and rectal bleeding. 

AETIOLOGY

UC is multifactorial and idiopathic. Colonic inflammation 
(from dysbiosis and autoimmunity) is believed to originate 
from genetic, microbial, psychological and environmental 
risk factors. External environmental factors such as 
geography and urban living, latitude of residence, cigarette 

smoking and air pollution play a role in hypovitaminosis, 
in particular the synthesis of VitD (Manicourt, 2008; 
Barrea, 2017). Other internal environmental factors such 
as diet, family history, ethnicity (European and North 
American), pathogenic exposure, pharmaceutical use 
(oral contraceptives, nonsteroidal anti-inflammatory 
drugs, antibiotics) and single-nucleotide polymorphisms 
(interleukin genes and human leukocyte class II antigens) 
(Li et al., 2018, p. 126; Vedamurthy, 2019) also play a role. 
Sarlos et al., (2014, p. 316) identified that UC progression 
is exacerbated/sustained by chronic stress, unhygienic 
lifestyle, VitD deficiency and poor nutrition. A Nurses Health 
Study identified physical activity to decrease the risk of the 
disease, highlighting the importance of a person-centered 
approach to UC care (Khakiki, 2013). 

MEDICAL TREATMENT

Treatment depends on disease course, severity and 
localisation (Meier & Sturm 2011, p. 3204). Diagnosis is 
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evidenced through case history, endoscopic procedures, 
tissue biopsy, stool samples and nonspecific serum 
inflammatory markers. First-line treatment involves oral 
or rectal administration of 5-aminosalicylate drugs [5-
ASA] (sulfasalazine or mesalamine) in combination with 
immunosuppressants (thiopurines and corticosteroids) or 
biologics (TNFα-inhibitors) (Lynch & Hsu, 2021). Karimi et al., 
(2019, p. 16) argued that pharmaceuticals lack therapeutic 
value and heighten mutagenesis sensitivity and infection 
risk. In acute severe UC, emergency surgery is indicated 
(proctocolectomy with ileal pouch-anal anastomosis or end 
ileostomy).

PROPOSED NUTRITIONAL THERAPEUTICS

VITAMIN D

Firstly, VitD inhibits pro-inflammatory TNFα and IL (12, 17, 19, 
22) production from peripheral/intestinal CD4+ and CD8+ T 
cells (Schardey et al., 2019, p. 1546). Secondly, VitD impedes 
prostaglandin E2 and interferon gamma [IFNγ] synthesis, 
whilst increasing mitogen- activated protein kinase 
phosphatase-1 to provide symptomatic relief (Guzman-
Prado et al., 2020, p. 1828). Thirdly, VitD promotes the 
expression of tight junction proteins (claudin-1, occluding-l, 
zonula occludens-1) to repair intestinal hyperpermeability 
and barrier function (Li et al., 2018, p. 126). Finally, VitD receptor 
activation regulates monocyte-induced antimicrobial 
peptide defensin and cathelicidin production (bactericidal 
effects) (Karimi et al., 2019, p. 20).

PROBIOTICS

A reduction in Lactobacilli and Bifidobacteria and 
overgrowth of pathogenic Bilophila wadsworthia and 
Deltaproteobacteria, is observed in UC patients (Palumbo 
et al., 2016, p. 375). Single-and multi-strain probiotics 
regulate intestinal inflammation, immune defences and 
microbial balance (dose-dependent effects). Firstly, 
probiotics modulate bacterial adherence patterns and                                   
displace pathogenic microbes via competitive inhibition 
(Fedorak, 2010, p. 688). Secondly, probiotics produce short-
chain fatty-acid metabolites to fuel colonic epithelial cell 
structure/ function (Plaza-Diaz et al., 2019, p. 52). Thirdly, 
probiotics regulate defensin, bacteriocin and secretory 
immunoglobulin A production to restore micro-ecology 
diversity (Fedorak, 2010, p. 688). Finally, probiotics alter pro-
inflammatory dendritic cell reactivity to prevent mucosal 
injury (Dang et al., 2020, p. 14).

LITERATURE REVIEW

VITAMIN D: RESULTS

SRS AND MAS:

Li et al., (2018) reviewed 18 RCTs. VitD supplementation 
(800-10,000 international units (IU)/day for 6 weeks to 1 
year) was compared to placebo. Researchers assessed 
methodological quality, calcifediol [25OHD3] levels, relapse 
rate, inflammation index and adverse events [AEs] in 908 
UC patients.  VitD supplementation (1200 IU) significantly 
improved 25OHD3   levels and relapse rate (64% reduction); 
however, it did not affect erythrocyte sedimentation 
rate [ESR] or high-sensitivity C-reactive protein [hs-CRP] 
(Jorgensen, 2010). Six trials recorded AEs from high- dose VitD 
supplementation (drowsiness, thirst, nausea, headaches, 
malaise, gastrointestinal upset) and VitD overdosing can 
result in a negative dose-response relationship for bone 
density and strength (Rizzoli, 2021). Researchers concluded 
that VitD supplementation     should be recommended in UC 
treatment, and monitored to reduce adverse events as the 
benefits far outweigh the risks.

Guzman-Prado et al., (2020) reviewed 20 RCTs (2010-2019) 
to assess the effects of VitD supplementation (1200-10,000IU/
day for 8 weeks to 23.5 months) on 1,136 UC patents with 
VitD deficiency. Researchers assessed serum 25OHD3 
levels, disease activity index [DAI], QOL and inflammation 
(hs-CRP, faecal calprotectin, platelet count and serum 
albumin). Compared to placebo (1mL sodium chloride), 
VitD supplementation increased 25OHD3 levels (by 6.58ng/
mL), decreased hs-CRP (by 1.58mg/L) and enhanced 
wellbeing (by 11.7%). These effects were statistically 
significant with doses greater than 4000IU/day. The authors 
suggested additional research into evidence-based                           
dosing and follow-up guidelines for UC management.

RCTS:

Karimi et al., (2019) conducted a double-blind [DB] RCT 
to compare/contrast the effects of VitD in 50 patients 
with active UC taking mesalamine. Group 1 (high dose) 
received 1000IU/twice daily. Group 2 (low dose) received 
1000IU/day plus 1 placebo capsule. Researchers measured 
base- line and endpoint (week 12) serum 25OHD3 levels, 
total antioxidant capacity [TAC], total oxidant status [TOS], 
QOL and DAI. Evidently, high-dose (and not low-dose) 
VitD significantly increased 25OHD3 levels by 7.16ng/mL. 

No changes were observed in serum TAC/TOS. The IBD 
Questionnaire-9 [IBDQ-9] scores demonstrated positive 
changes to gastrointestinal, systemic, emotional, and 
social dimensions of health. Researchers praised VitD 
supplementation (2000IU daily) for UC relief and remission; 
however, encouraged clinicians to test serum levels, prior to 
supplementing.

Garg et al., (2019) investigated the efficacy of VitD 
supplementation in active/inactive UC, compared with non-
IBD controls. Twenty-five patients were enrolled, randomised, 
and prescribed 40,000IU/week for 8 weeks. At baseline, 
higher body mass index [BMI] and waist circumference was 
observed in non-IBD controls. Researchers measured serum 
25OHD3, faecal microbiota taxonomy, routine laboratory 
indices and circulating/intestinal inflammatory biomarkers. 
All participants demonstrated positive changes in 25OHD3 
levels and microbiota abundance (of Clostridium colinae 
and Enterobacteriacae). Faecal calprotectin, albumin 
and platelet count improved in active UC. No significant 
changes were observed in serum calcium, phosphate, 
alkaline phosphatase, parathyroid hormone [PTH] or 
microbiota alpha diversity. Researchers concluded that 
VitD supplementation reduces intestinal inflammation, 
independent of alterations to faecal bacterial composition.

Sharifi et al., (2019) conducted a DB RCT on VitD 
administration and cytokine production in UC. Forty-
six patients received a 300,000IU (7.5mg) single-dose 
cholecalciferol muscular injection, whilst 44 received 1mL 
sterile saline. Researchers employed black randomisation 
and measured serum 25OHD3, PTH, hs-CRP and ESR. 
Compared to placebo, VitD evidenced a mean (7.5ng/mL) 
increase in serum 25OHD3 and a significant reduction to 
TNFα, IFNγ and IL-12p70 levels. No changes were observed 
in IL-4 or -10. Four patients withdrew from the placebo 
group. The authors revealed that VitD inhibits Th1 immune 
cell activity and subsequent pro-inflammatory chemokine 
release; however, it has no effect on Th2 responses. This 
study supports the immunomodulatory potential of VitD 
supplementation to ameliorate UC clinical severity.

VITAMIN D: DISCUSSION

SRS AND MAS:

Li et al., (2018) and Guzman-Prado et al., (2020) 
independently assessed bias risk (selection, detection, 
attrition and reporting) using the Cochrane Handbook tool. 
According to Higgins et al., (2021) minor/substantial bias is 
a systematic error and deviation from the truth. Both trails 
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acknowledged large statistical heterogeneity, evidenced by 
discrepancies in VitD administration and dosing (quantity/
quality/frequency). Awareness of confounding variables is 
essential to clinical applicability in evidence-based practice 
(Dekkers et al., 2019, p. 8). Li et al., (2018) failed to provide 
population baseline characteristics (of ethnicity, BMI, diet, 
lifestyle, comorbidities). Pilz et al., (2019, p. 42) identified 
extrinsic factors and biochemical differences threaten trial 
credibility. Specifically, Keshteli et al., (2019, p. 18) emphasised 
the substantial capacity for dietary intake alone to regulate 
inflammation and UC disease activity.

RCTS:

According to Akobeng (2005, p. 2), RCTs are the most 
scientifically rigorous testing available to minimise 
confounding and maximise internal validity. Sharifi et al., 
(2019) and Karimi et al., (2019) employed DB to prevent 
detection/performance bias (Probst et al., 2016, p. 49). 
Specifically, DB RCTs are considered “gold standard” 
in epidemiological studies to establish evidence of 
causation (Misra, 2012, p. 132). Garg et al., (2019) conducted 
a single-institution, short-duration study and were 
unable to elucidate potential long-term effects of high-
dose VitD supplementation (including hypercalciuria/
nephrocalcinosis). Moller and Myles (2016, p. 430) argued 
that large sample size increase’s reliability, precision and 
statistical power, whilst Juni et al., (2010, p. 46) argued this 
increases the risk of inaccuracy, poor compliance, protocol 
deviation, attrition bias and mediating variables.

Karimi et al., (2019) declared a 92% participation rate 
and failed to identify causative factors behind patient 
withdrawal. According to Shih (2012, p. 4), this (unethical) 
lack of disclosure is ‘information censoring’ and heightens 
publication and outcome reporting bias. Sharifi et al., (2019) 
failed to screen baseline VitD and thus, deduce sufficiency/
deficiency status and subsequent impacts on DAI. Across all 
studies, a lack of consensus exists regarding optimum VitD 
dosage and administration (liquid drops, oral capsules or 
chewable tablets) for maximal bioavailability.

PROBIOTICS: RESULTS

SRS AND MAS:

Tian et al., (2020) reviewed 15 RCTs (2008-2019) regarding 
probiotic versus conventional medicine efficacy in 1,433 
UC patients. Group 1 took probiotics, in conjunction with 
mesalamine. Group 2 took mesalamine (1.5-4.0g/day) 
alone. Probiotic preparations included Bifid Triple Viable 
[BTV] Capsules, Bifidobacterium TriPlex and Lactobacillus 
[L] and Bifidobacterium [B] Quadruple Viable Tablets. Trial 
duration ranged from 4-24 weeks. Group 1 demonstrated 
positive improvements in clinical efficacy, DAI, endoscopic 

changes and diarrhoea and bleeding frequency/ severity. 
AEs (nausea, abdominal ex-tension, abdominal discomfort, 
headache, rash, fever, and liver dysfunction) were reported 
from 875 participants with no heterogeneity between 
groups. Evidently, probiotics corrected microbial imbalance 
via increasing beneficial Bifidobacterium, Helicobacter 
spiralis, and Pseudomonas, whilst decreasing Enterococcus 
and Bacillus bacteria. Researchers concluded probiotics are 
a low-risk adjuvant treatment for UC.

Dang et al., (2020) reviewed 7 RCTs (2009-2017) on the 
efficacy of complementary mixed probiotic therapy (VSL#3) 
versus faecal microbiota transplantation [FMT] in active 
UC. VSL#3 is a highly concentrated preparation of L. casei/ 
plantarum/ acidophilus/ delbrueckii subsp. bulgaricus,

B. longum/ breve/ infantis and Streptococcus salivarius 
subsp. thermophilus. Researchers measured DAI, minor/
serious AEs, clinical remission, and response (across 6-12 
weeks). All (596) participants took concomitant medicines 
(corticosteroids or 5-ASA). Both interventions were superior 
to placebo. FMT demonstrated significant effects in clinical 
remission; however, it had more serious AEs (including 
degenerative enteritis). VSL#3 performed higher in clinical 
response, with only minor AEs (including halitosis and 
abdominal discomfort). Future research into probiotic 
strain synergy to optimise immunomodulatory actions and 
replenish microbial diversity is encouraged.

SRS:

Ghouri et al., (2014) summarised 21 RCTs (1997-2012) relating 
to probiotic, prebiotic and synbiotic therapy in 1,700 UC 
patients. At endpoint (4 weeks-12 months), researchers 
measured clinical relapse rate, dose-dependent remission, 
intestinal permeability, endoscopic score and inflammation. 
Probiotic preparations included BTV, VSL#3, Escherichia 
coli Nissile 1917 enemas and Bifidobacteria-fermented milk 
[BFM]. Probiotic therapy indicated a trend in clinical benefit 
and improved QOL. VSL#3 affected colonic T-cell activity, 
messenger ribonucleic acid expression and dendritic cell 
cytokine-mediated activation. Interestingly, researchers 
concluded the literature, for probiotics in UC remission 
(induction/maintenance), is inconsistent and conflicting.

Sivamaruthi (2018) reviewed 25 clinical trials to evaluate 
probiotics and synbiotics as alternative UC treatments. 
Group 1 took pharmaceuticals alone (glucocorticoids or 
5-ASA). Group 2 took pharmaceuticals with concomitant 
probiotics. Probiotic preparations included BTV, VSL#3, BFM 
or BIO-THREE (Bacillus mesentericus, Clostridium butyricum, 
and Enterococcus faecalis). At endpoint (30 days-2 years), 
Sivamaruthi measured DAI, histological scores, terminal 
restriction fragment-length polymorphism, faecal pH and 

myeloperoxidase concentration. Multi-strain probiotics were 
consistently superior to single-strain therapy. Probiotics 
increased bifidobacteria, lactobacilli and S. thermophilus 
abundance; however, it did not affect Bacteroides, clostridia, 
coliforms and total aerobic/anaerobic bacteria load. Daily 
B. longum monotherapy (2x109 colony- forming units [CFU]) 
improved emotional wellbeing in 4 weeks, whilst synbiotic 
therapy with psyllium (8.0g/day) decreased CRP and 
ameliorated social and systemic functions.

RCTS:

Palumbo et al., (2016) conducted an open-labeled RCT 
to investigate long-term combination therapy for UC 
treatment. Sixty patients were enrolled, randomised and 
clinically/endoscopically evaluated at baseline, 6-month 
intervals and endpoint (2 years). Group A was treated with 
oral mesalazine (1200mg/day). Group B was treated with 
mesalazine plus Bromatech Acronelle capsules (L. salivarius, 
L. acidophilus, B. bifidus BGN4) (twice daily). Researchers 
measured clinical response via DAI (stool frequency, rectal 
bleeding, endoscopic picture and physician’s global 
assessment). Probiotics demonstrated stable improvements 
in all study parameters. DAI scores decreased from 10.1 to 6.1 
in Group A and 10.2 to 4.4 in Group B. Researchers concluded 
strain-specific probiotics coupled with conventional 
medicine is synergistic, tangible and statistically significant.

PROBIOTICS: DISCUSSION

SRS AND MAS:

Tian et al., (2020) acknowledged a very low quality of 
evidence regarding measures of clinical efficacy. High 
risk of bias was reported in 5 (of 15) trials, due to allocation 
concealment, incomplete outcome data and selective 
reporting. These limitations compromise data applicability, 
transferability and dependability (Ahmad et al., 2010, p. 21). 
Researchers demonstrated a reduction in (subjective) 
clinical symptoms through qualitative and quantitative 
measures. Bull et al., (2019, p. 1034) argued self-reported 
experiences are paramount in patient-centred healthcare, 
however, may reduce internal consistency and content 
validity.

Dang et al., (2020) commenced statistical analysis, prior 
to online trial registration. For ethical conduct, scientific 
integrity and research transparency, prospective registration 
is mandatory (Aslam et al., 2013, p. 713). Researchers 
reviewed data from 6 trial centres (collected using different 
measuring devices). In experimental research, instrument 
calibration influences specificity, reproducibility, and 
replicability (Kendall, 2013, p. 164).

SRS:

Ghouri et al., (2014) conducted a large-scale analysis 
(1,700 patients) which infers statistical power and clinical 
applicability, according to Biau et al., (2008, p. 2283). 
However, Sivamaruthi (2018) and Ghouri et al., (2014) failed to 
report on data extraction, quality assessment and statistical 
analysis, which compromises SR accuracy and repeatability 
(Juni et al., 2010, p. 43). Sivamaruthi (2018) questioned optimal 
CFU dosage to manipulate host immunity and microflora 
balance. It is inconclusive whether probiotics provide a safe, 
healthier alternative to conventional medicine or merely 
an adjuvant for standard therapy. Ghouri et al., (2014) 
emphasised probiotics should not be primary therapy for 
UC. According to Kurath-Koller et al., (2020, p. 62), inter-
individual differences drive microbiota composition and 
variances in treatment response. Therefore, clinicians must 
consider individuality and probiotic strain specificity, prior to 
prescribing.

RCTS:

Palumbo et al., (2016) prescribed Bromatech Acronelle 
capsules, however, failed to disclose these probiotics 
contains maize maltodextrin, gelatine, vitamin C and anti-
caking agents (magnesium salts) (Bromatech, 2021). Leung 
(2015, p. 324) claimed potential synergistic and antagonistic 
excipient-nutrient interactions compromise trial validity and 
clinical applicability. Palumbo et al., (2016) did not evaluate 
probiotic efficacy against placebo. In experimental research, 
placebo-controlled trials are “gold standard” to deliberately 
discriminate pharmacodynamic actions of a proposed 
intervention (Gupta & Verma, 2013, p. 51). Conversely, Millum 
and Grady (2013, p. 13) argued nocebo effects are unethical, 
instigate AEs and delay healing.

CONCLUSION

In conclusion, current evidence supports the safe, 
efficacious use of high-dose VitD and multi-strain probiotics, 
with conventional medicine for mild-to-moderate 
UC. Mechanistically, these interventions exhibit anti-
inflammatory, immunomodulatory and bactericidal effects 
to correct dysbiosis and inappropriate immune activation. 
In vivo, VitD supplementation consistently improved 25OHD3 
levels, DAI and QOL, whilst probiotics increased microbial 
diversity to support UC remission (induction/maintenance). 
Further rigorous and standardised human studies are 
required to confirm optimal nutritional intervention dosage/
duration for UC clinical remission and response.
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INCLUSION EXCLUSION

SUBJECTS/POPULATION • Humans with mild-to-moderate 
ulcerative colitis 

• Males and females

• Other inflammatory bowel diseases such as Crohn’s Disease

• Individuals without ulcerative colitis 

• Cell lines

• Animals

RESOURCES/LITERATURE • Publication period: 2014-2020

• Language: English only

• Primary sources

• Experimental research 

• Clinical studies 

• Clinical trials (phase I-IV)

• Meta-analysis 

• Randomised controlled trials 

• Systematic reviews 

• Narrative review articles 

• Cohort studies 

• Case reports 
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• Case control studies 

• Cross sectional studies 
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• Non-randomised controlled trials 

• Animal and laboratory studies

DATABASES • PubMed

• EBSCOhost

• Google Scholar

• Cochrane Library 

• ScienceDirect 

KEYWORDS • Ulcerative colitis (mild-to-moderate) or inflammatory bowel disease or colitis ulcerosa

• Vitamin D (dietary/supplemental) or calcitriol or calcifediol or 25(OH)D or 25-hydroxyvitamin D

• Vitamin D3 or 1,25-(OH)2D or cholecalciferol

• Vitamin D2 or ergocalciferol

• 5-aminosalicylate drugs [5-ASA] or sulfasalazine or mesalamine or immunosuppressants or 
thiopurines and corticosteroids or biologics or TNFα-inhibitors

• Probiotics or probiotic supplements or probiotic strains or probiotic therapy or symbiotic therapy or 
microorganisms

• Safety or efficacy or clinical outcomes or treatment or remission (induction/maintenance)
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