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Keywords:  Crohn disease; Ulcerative colitis; Vitamin B  Background: An accurate understanding of B vitamin status in patients with Inflammatory Bowel Disease (IBD) can prevent controversial dietary advice; hence, the current study aimed to review the literature published on B vitamins status in patients with IBD systematically.  An extensive literature search was conducted through search engines including PubMed, Scopus, and Google Scholar from Jan. 2000 to 26 April of 2020. The meta-analysis was performed using random effect measures.    

Methods: Thirteen cross sectional and 19 case-control studies including 8492 participants were selected. Vitamin B12 deficiency was mostly observed (above 30%) in patients with Crohn disease (CD). Folate deficiency was mostly found in patients with CD (92%) and the ones with ulcerative colitis (UC) (94.2%). In several studies, the prevalence of vitamin B12 and B6 deficiency was greater in patients with CD than in the ones with UC.  
Results: Based on meta-analysis results, there were no significant differences in the mean serum level of vitamin B12 between patients with IBD and controls. 
Conclusion: This review showed that the prevalence of B vitamins deficiency was higher in patients with UC than in the ones with CD, and folate deficiency was more common than other B vitamins deficiencies in patients with IBD. 
Citation: Koochakpoor G, Shabbidar S, Iraji Z, Hosseini-Esfahani F, Mirmiran P. Folate Deficiency Was More Common than Other B Vitamins Deficiency in Patients with IBD: A Systematic Review and Meta-Analysis. A systematic review and meta-analysis. J Nutr Sci & Diet 2020; 6(1):27-46.   

Introduction Patients with inflammatory bowel disease (IBD) struggle with multiple nutritional problems including poor dietary intake, increased nutrient requirements, and malabsorption [1]. The factors affecting each of these problems are numerous; for example, patients often avoid foods that they perceive to exacerbate their symptoms such as pain, bloating, or diarrhea and put them at risk for inadequate nutrient intake [2]. Medication therapy (e g, steroids and sulfasalazine) is 



Glareh Koochakpoor et al.  28 JNSD 2020: Vol. 6, No. 1: 27-46 effective on appetite and absorption of nutrients [3]. In patients with IBD, intestinal tract can be damaged by inflammation, fistulas, or strictures; then, absorption can be difficult [4]. Suboptimal nutrition status is not merely limited to periods of active disease; a variety of nutritional deficiencies may be present in patients with IBD even following long periods of remission, and despite meeting macronutrient requirements or having a body mass index greater than 25 kg/m2[5]. Ignoring the risk of micronutrient deficiency in patients with IBD is unreasonable. Malnutrition in such patients is associated with higher mortality, longer hospitalization, and higher healthcare costs [6]. Folate deficiency is a risk factor for IBD-associated colorectal cancer [7]. Patients with IBD and vitamin B12/B6 or folate deficiency are at high risk for hyperhomocysteinemia-induced thrombosis [8]. Vitamins B deficiency exacerbates the feeling of tiredness in patients with IBD [9]. Therefore, an accurate understanding of B vitamins status in patients with IBD can prevent controversial, incompatible, inadequate, and confusing dietary advice.  To date, several studies examined vitamins B status in patients with IBD, but reported contradictory results. In addition, most of these studies have assessed vitamin B status by one evaluation method [10, 11]. However, studying vitamins B status using different methods (serum concentration, functional test, and dietary intake) can determine the reason(s) of vitamin B deficiencies in IBD patients which could be due to deficiency of intake or absorption disorder, or impaired metabolism. Based on our knowledge, there is no systematic review to evaluate vitamin B status by three different indicators up to now. So the current meta-analysis and systematic review aimed at assessing and reviewing the prevalence of B vitamins (B1, B2, B3, B5, B6, B8, B9 and B12) deficiency in patients with IBD through three indicators: serum concentration, functional test, and dietary intake.  
Materials and methods  
Search Strategy This systematic review has been conducted and reported in accordance with Preferred Reporting Items for Systematic reviews (PRISMA) [12]. Two investigators tried to identify all the potentially relevant studies through performing a comprehensive literature search from Medline (PubMed), Scopus and Google scholar databases with the following filters: language: English and date: Jan. 2000 to 26 April of 2020. The following key words were used: inflammatory bowel disease [Title/Abstract], IBD [Title/Abstract], vitamin* [Title/Abstract]), Folate [Title/Abstract], Folic acid [Title/Abstract], Cobalamin [Title/Abstract]), Homocysteine [Title/Abstract], pyridoxine [title/abstract], Riboflavin [Title/Abstract]), thiamine [Title/Abstract]), niacin [Title/Abstract]. The PubMed search strategy is illustrated in table 1. To identify additional studies we also manually reviewed the reference section of primary articles and relevant reviews. 
 
IBD  IBD (Crohn’s disease and ulcerative colitis) is chronic and prolonged inflammation results in damage to the GI tract. Crohn’s disease can affect any part of the GI tract (from the mouth to the anus) but most often it affects the portion of the small intestine before the large intestine/colon. Ulcerative Colitis occurs in the large intestine (colon) and the rectum .The diagnosis of IBD was based on established criteria of clinical, endoscopic and histologic findings [13].



Folate Deficiency is More Common in IBD  29 JNSD 2020: Vol. 6, No. 1: 27-46  Eligibility criteria All the studies identified were reviewed independently by two investigators in order to avoid risk of bias. The studies were included if (1) investigated on vitamins B status in IBD patients (2) reported at least one of the following outcomes; plasma or serum concentration of vitamins B in IBD patients, other biomarkers of vitamins B status (such as Serum holoTC, Serum/plasma MMA, plasma homocysteine and RBC folate) and dietary intakes (3) full texts of articles were available for this review. The studies were excluded if (1) were not related to vitamins B status in IBD patients, (2) they conducted on patients under the age of 18, (3) conducted on patients after surgery, (4) conducted on patients with colon tumors, (5) they were review articles, case report, case series, communication letters, abstracts, posters of conferences, protocols and pilot studies, (6) conducted on animals and (7) just conducted on specific subgroups. For the quality assessment of studies we used STROBE (Strengthening The Reporting of observational Studies in Epidemiology checklists (STROBE checklist for cross-sectional and case control studies) [14]; we assigned one point for each of the 22 quality criteria that the study met. Final score varied from 0 to 22. No study was deleted based on final score of studies. 
 
Data extraction For each paper two researchers independently performed data extraction regarding first author's name, sample size, age, sex, study design, year of publication, measured biochemical variables, dietary assessment method, the effect of IBD on vitamins B status.  
 
Statistical analysis The mean differences (MD) and SDs of serum vitamins B were used to determine the overall effect size. The meta-analysis was performed by using STATA software (version 12; Stata crop LP, College Station, TX 77845) with the Metan command calculating random effect measures from reports of effect measures and CIs.  Meta-analysis of proportion data was performed using the random effect model of Mantel-Haenszel. Standard error for each study was calculated using the binomial distribution formula. The Cochrane’s Q test and I2 statistical test have been considered for the between group heterogeneity assessments. Statistical heterogeneity was assessed by the Q2 test (significance level P<0.1) and quantified using the I2 test (>50% indicated evidence of heterogeneity).  

 
Results 
Study selection In the present study, the systematic search yielded 1753 references updated on 26 April 2020. After removing 52 duplicates, titles and abstracts of 1701 articles were screened, of which 1661 studies were excluded for various reasons. Full texts of the remaining 40 relevant articles were screened against inclusion criteria and seven papers were excluded for the following reasons: studying patients under 18 years old [15-24], the post-operative cases [25, 26], conducted on specific subgroups[27] and patients with colon tumors [28]. Finally 33 studies were eligible and included in the current systematic review. PRISMA Flow Diagram – study selection process is depicted in Fig 1. 
 Table 1: PubMed search strategy 
 
 
 
 
 
 

Characteristics of included studies and 
quality assessment  

(inflammatory bowel disease[Title/Abstract] OR IBD[Title/Abstract]) AND ((((((((VITAMIN[Title/Abstract] OR FOLATE[Title/Abstract]) OR FOLIC ACID[Title/Abstract]) OR Homocysteine[Title/Abstract]) OR pyridoxine[Title/Abstract]) OR COBALAMIN[Title/Abstract]) OR 



Glareh Koochakpoor et al.  30 JNSD 2020: Vol. 6, No. 1: 27-46 Included studies constituted a total of 8492 participants and were from Israel [42], the Netherlands [46,38], Greece [50,35], Canada [37,25,52,29,59], Italy [51,45], Spain [41,56], the UK [39,30], France [32], India [27], Turkey [33,53,54], the USA [24,55], China [43,34], Tunisia [36], Korea [57[29], Poland [44], Iceland [26], Japan [28], Chile [58], and Switzerland [31]. Of 32 eligible studies, 13 were cross sectional and 19 case-control (Table 2 and Table 3). In cross sectional studies, B vitamins status, serum concentration, and dietary intake were investigated in patients with IBD and the prevalence of B vitamins deficiency was reported. In the case-control studies, the prevalence of B vitamins deficiency in patients with IBD was compared with those of healthy individuals in 18 studies and in one study the case and control groups were patients with CD and UC, respectively [30]. Seventeen studies were conducted on patients with IBD, and the rest were performed more specifically on patients with CD or UC. Biochemical analysis of vitamin B status in IBD patients has been performed in 29 articles (Table 2). Of these 29 articles, 6, 23 and 27 articles are related to vitamin B6, vitamin B9 and vitamin B12 respectively in one of the studies, biochemical analysis of vitamin B1 and B2 have been performed; while, Biochemical analysis of other vitamin B groups has not been performed in any of these studies (Table 2). Nine articles evaluated dietary intake of B vitamins in IBD patients (Table 3). The basic characteristics of all 33 studies are summarized in Table 2 and 3.  
Evaluation of vitamin B12 deficiency in 
patients with IBD  The prevalence of abnormal serum vitamin B12 level in patients with IBD was investigated in both cross sectional and case-control studies. Among nine cross sectional studies [30-38], the highest incidence of vitamin B12 deficiency (above 30%) was reported by Filippi et al., in patients with CD [38], whereas vitamin B12 deficiency was not observed in patients with IBD in two other studies [34, 39]. In three studies, the prevalence of vitamin B12 deficiency was greater in patients with CD than in the ones with UC [30, 36, 40]. The random effects pooled prevalence of vitamin B12 deficiency was 27% (ranged 26%-29%) and 21% (ranged 19%-23%) in patients with UC and CD, respectively (Figures 2, 3). According to the funnel plots, there was some publication bias (Figures 2, 3). After removing some outlier studies, the heterogeneity decreased significantly in patients with CD (I2 reduced to 33.1%). Also the egger’s and begg’s tests results showed no significant small sample study effect in patients with CD (P for egger’s test = 0.091 and P for begg’s test = 0.135, respectively) and no significant small sample study effect in patients with UC (P for egger’s test = 0.128 and P for begg’s test = 0.086, respectively). The mean serum level of vitamin B12 was compared in seven studies among patients with UC; there were no significant differences in the mean serum vitamin B12 concentration between patients with IBD and controls. The mean difference (MD) of vitamin B12 concentration was -54.955 ng/mL in patients with UC compared to the healthy controls (MD = -54.95 ng/mL, 95% confidence interval (CI) = -113.4-3.58, P=0.066) with significant heterogeneity (I2 = 93.1%, P ≤0.001) (Figure 4). The patients with CD had lower serum vitamin B12 levels than controls (MD = -31.1 ng/mL, 95%CI = -118.7-56.4, P=0.48, I2 = 95.4%, P ≤0.001) (Figure 5). According to the funnel plots, there was some publication bias. After removing some outlier studies, the heterogeneity decreased significantly in patients with CD and UC (I2 reduced to 0 in both groups of patients). Also, the egger’s and begg’s tests results showed no significant  small sample study effect in patients with CD (P for egger’s test = 0.499 and P for begg’s



Folate Deficiency is More Common in IBD  31 JNSD 2020: Vol. 6, No. 1: 27-46  test = 0.133) and no significant small sample study effect in patients with UC (P for egger’s test = 0.444 and P for begg’s test = 0.764) (Figures 4, 5).  
Serum concentration of holotranscobalamin 
(holoTC), methylmalonic acid (MMA), and 
homocysteine  Ward et al., evaluated the prevalence of vitamin B12 deficiency in patients with CD by measuring serum levels of holoTC and MMA. According to their results, the prevalence of vitamin B12 deficiency in patients with IBD was 5% based on serum concentration of B12 and 32% based on holoTC/MMA measures.  In addition, the prevalence of B12 deficiency using holoTC /MMA measurement was greater in CD patients than in patient with UC [36]. In several studies, a significant and negative correlation was observed between serum level of vitamin B12 and homocysteine level in blood [34, 35, 41-45]. 
 
Vitamin B12 intake  The average intake of vitamin B12 was reported in 4 studies, in all of which the average intake was higher than the RDA. In three studies, between 0 and 5.7 percent of people did not consume adequate amounts of vitamin B12. In the study by Vidarsdottir  et al., participants with reduced dietary intake had lower intake of vitamin B12 (4.7±3.0 vs 9.4 ± 8.2 µg of B12/day; P=0.004) [32].  
 
Evaluation of vitamin B9 deficiency in 
patients with IBD  The goal of seven cross sectional studies was to determine the prevalence of abnormal serum vitamin B9 level in patients with IBD [32-35, 37, 38, 46]. Among these studies, the highest prevalence of folate deficiency was reported by Madanchi et al., (92% in patients with CD and 94.6% in the ones with UC) [37], while in another study, folate deficiency was not observed in patients with IBD [34]. The random-effects pooled prevalence of vitamin B9 deficiency was 66.6% (ranged 64%-68%) and 24% (ranged 22%-25%) in patients with UC and CD, respectively (Figures 6, 7). According to the funnel plots, there was some publication bias and the egger’s and begg’s tests results showed no significant small sample study effect in patients with CD (P for egger’s test = 0.748 and P for begg’s test = 0.452) and no significant small sample study effect in patients with UC (P for egger’s test = 0.093 and P for begg’s test = 1) (Figures 6, 7). Based on the meta-analysis of eight studies, there were no significant differences in the mean serum vitamin B9 concentration between patients with IBD and controls. The average serum folate concentration in patients with UC was 0.70 ng/mL that was lower than that of the controls (n= 680) (MD= -0.70 ng/mL, 95% CI= -2.07-0.66, P = 0.31, I2= 95.3%). A non-significant difference was also observed in serum vitamin B9 concentration between patients with CD and controls (n= 680 in each groups) (MD= -0.70 ng/mL, 95% CI= -2.60- 0.22, I2= 95.6%, P = 0.46) (Figures 8, 9). According to the funnel plots, there was some publication bias. After removing some outlier studies, the heterogeneity decreased significantly in patients with CD and UC (I2 reduced to 0 and 50%, respectively). Also, the egger’s and begg’s tests results showed no significant small sample study effect in patients with CD (P for egger’s test= 0.181 and P for begg’s test= 0.260) and no significant small sample study effect in patients with UC (P for egger’s test= 0.213 and P for begg’s test= 0.230) (Figures 8, 9). 
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Author/ year/ 
Ref./ Country 
 

 
Population/ 
mean age 

 
Biochemical 
analysis* 

Result 
Status of 
vitamin B6 

Status of vitamin B9 Status of 
vitamin B12 

Hcy 
level 

QS Chowers/ 2000/ [47]/ Israel 105 CD case/  32.7 y C: 106 /51.9 y Hcy, Folate , Cbl 4 times every 2 wk.  Case:5.9±2.9 Pg/ml Case: 345.7±2.9 Pg/ml Case: 10.9± 4.8.C: ~7.5 µmol/L (p=0.07). Correlation of HHC with folate level. Folic acid accounted for 11.75% of the variance (p=0.0003). 14 Koutroubakis/2000/ [62]/ Greece 108 IBD CD: 55, UC 53/45.5 y, 66M , 42F C:74  Hcy, Folate, Cbl,  UC: 7.0 ± 3.1  CD: 6.3 ± 3.0 C: 8.8±3.0, ng/ml (P<0.05). UC: 478.8 ± 257.7  CD: 666.5 ± 366.8 C:377.5±155.6  pg/ml (P<0.05). UC: 15.9 ± 10.3 CD: 13.6 ± 6.5 C: 9.6±3.4, µmol/l (P<0.05).  15 Oldenburg,2000/[43]/Netherlands  231 IBD, CD: 142, UC: 89/43 y  99M , 132F. C:102  Hcy,  Folate, Cb,l pyridoxine Case: 54.0( 22-1064) C: 77.0( 46-43)  nmol/l ,(p≤0.001). Case: 20.1± 13.7 C: 16.1± 5.1 nmol/l, (p=0.03) Case:262( 100-780) C: 279( 89-780) nmol/l   Case: 12.3( 4.8-51.6) C: 11.1( 3.9-27.6) µmol/l (p≤ 0.001). HHC in IBD :11.1% In C: 5%, (p=0,07) Correlation of Hcy with folate(r=-0.46, p<0.001) and vitaminB12 (r=-0.32 p≤0.001) 19 Romagnuolo/2001[42]/Canada 65 IBD, CD: 56,UC: 9/. 42.0 y, 43%M C:138/ 35.1 y, 37.7% M Hcy, Folate,  Cbl  In Case RBC: 940±337 nmol/L Case:325±187 pmol/L Case: 8.7 (7.7-9.7) C: 6.6(6.2-7.0)  µmol/L (p< 0.05). Increased risk of HHC with IBD (OR= 5.9 [95% CI: 1.5-24])  CorrelaCon of HHC with B12 levels (R2 = 0.55; p ≤ 0.001 17 Saibeni, 2003[54] Italy 61IBD CD: 32, UC: 29/ 43.2y, 30M, 31F  C:183 PLP  PLP case: 22.0(3.6-23) PLP C: 31.1(3.7-36.3),  (p<0.01). PLP CD: 16.7(5.2-124.0) PLP UC: 23.5 (3.6-231.0) Low PLP  case: 13.1% Low PLP  C: 4.9% (p <0.05),    In IBD+PLP deficiency: 8.2 (5.7-61.9)  In IBD+PLP normal:  10.1 (4.3-44.4) pmol/L  HHC in IBD+PLP deficiency: 37.5% HHC in IBD+ PLP normal: 17% correlation between PLP and Hcy  (R2 = -0.13; p = 0.33) 18 
 
 



Folate Deficiency is More Common in IBD  33 JNSD 2020: Vol. 6, No. 1: 27-46 Table 2: Biochemical analysis of vitamin B status in IBD patients (Cont’) Biochemical analysis involves two methods: serum level measurement and functional test (Hcy and Methylmalonic acid)IBD: Inflamatory Bowel disease, CD: Crohn's disease, UC: ulcerative colitis. C: Healthy control, M: Male, F: Female. Hcy: Homocysteine, HHC: Hyperhomocysteinemia , wk: week, PLP :Pyridoxal-5- phosphate plasma, Cbl: cobolamin,  holo TC: Holotranscobalamine, MMA: Methylmalonic acid, RBC:Red blood cell, QS: Quality ScoreAuthor/ 
year/ 
Ref./ 
Country 
 

 
Population/ 
mean age 

 
Biochemical 
analysis* 

Result 
Status of 
vitamin 
B6 

Status of vitamin 
B9 

Status of vitamin B12 Hcy 
level 

QS Ward,/2015/[35]/UK 522 IBD CD: 381 UC: 141/ 29-47 y 250M, 272F  Cbl , holo TC  MMA    HoloTC: pmol/lCD:48(33-70) UC:67(46-95) (p < 0.001). Low holoTC:  CD:33% UC:16% (P≤0.001). Low serum B12:IBD: 5% Low holoTC IBD: 12% Vit.B12 deficiency, (holoTC and MMA methods IBD: 32%   18 Vidarsdottir/ 2016/[31]/ Iceland 78 IBD  CD: 43,  UC :35/ 25-55 y 35M, 43F  Cbl, Folate   23±10.3 nmol/l Low B9:1%   385±132.8 pmol/l Low B9:17%     15 Ao/2017/[33]/ Japan CD: 48  25-55 y 33M, 15F  Hcys, Cbl   Folate   8.2 ±7.1 ng/ml Average folic acid level were higher than the reference value 447 ±242 pg/ml Average serum vit B12 level were higher than the reference value 17.2±9.0 nmol/ml HHC: 60.4%   Correlation of HHC with B12 (r=-0.38,  p<0.01).  16 Huang/2017/[39]/ China 257 IBD CD: 195, UC: 62 173M, 84F C:118  72M, 46F  Cbl,Folate   CD:7.1±4.75UC:~8 C: ~9.5Pg/ml P(CD/UC)<0.01 P(CD/C)<0.05 Low B9:CD: 13.3%  C: 3.4% (P=0.004).  CD:359.5±170/UC:~500 C: ~400Pg/ml P(CD/UC)<0.05 P(CD/control)<0.05 Low B12:CD: 3.2%  C: 3.4% (P=0.004).  17 Ibanez/2017/ [67]/Chile  91 IBD, CD; 45, UC: 46/ 18-72y/33F,  Cbl,Folate  Low B9 in IBD: 0%  Low B12 in IBD:10% Low B12 in CD: 13% Low B9 in UC: 7%  14 Battat/ 2017.[68] Canada  96 IBD, CD: 66 UC: 30/ 41.6 y 50F, 41M Cbl, MMA   CD:253.7±92.3 UC :320.5 ± 192.3 pmol/l Low serum B12 in: CD: 7.6%/UC: 10% Cbl deficiency base on MMA in CD: 3% UC: 3.3%  17 Madanchi/ 2018/[36]/ Switzerland 2666 IBD, CD: 1558, UC: 1108/ 18-77 y  Cbl ,Folate   Low B9 in  CD: 92%UC: 94.6%  Low B12 in CD: 17.8% in UC: 8.2%   19 



Glareh Koochakpoor et al.  34 JNSD 2020: Vol. 6, No. 1: 27-46 Table 3: A review of studies that examined the dietary intake of vitamin B in IBD patients 
Author/ 
year/ Ref./ Country 

 
Population/ 
mean age 

 
Dietary 
intake 
 

vitamin B Intakes 
 QS Geerling/ 2000/ [55]/ Netherland 69 IBD,  CD: 23, UC:46, 34.3 y, 33M, 36F,C: 69 dietary history and FFQ  B1: CD:1.2 ±0.5, C:1.3± 0.5 mg./UC: 1.2 ±0.4, C:1.4± 0.8 mg. B2: CD: 1.7 ±1.2, C:1.6± 0.7 mg./UC:1.4±0.5, C:1.8± 1.3 mg (P<0.05) B6:CD:1.9±0.6, C:1.9± 0.6 mg./UC:1.8±0.6, C:2.0± 0.7 mg. 17 Filippi/ 2006[37]/ France 54 CD/ 39.0±1.8y 26M, 28F.  C:25 37.8±2.7y 9M, 16F  3 day food records  B1: CD/F:1.2 ±0.2,C/F:1.8± 0.4 mg. (P<0.05),CD/M:1.5 ±0.2,C/M: 1.3± 0.3 mg B6:CD/F:1.0 ±0.0, C/F:1.6± 0.2 mg. (P<0.005),CD/M:1.6 ±0.2,C/M:1.6± 0.2 mg  B9: CD/F: 192 ±13,C/F: 240± 27µg. CD/M: 244.9 ±22.7, C/M: 283.3± 32.8 µg.  B12: CD/F:2.5 ±0.2, C/F:3.1± 0.5 µg, CD/M:4.4 ±0.6,C/M:3.2.7± 0.5µg 15 Vagianos/ 2007/[30] / Canada 126 IBD, CD: 70, UC: 28/ 25-55 y 49M and 77F,  FFQ &4 day food record  Low B9:All IBD:19%, CD:20%,UC:18%,Active IBD:23%,Remission:16% Low B6:All IBD:4.8%,CD:4.2%,UC:8.8%,Active IBD:6.3%,Remission:5.3% Low B12:All IBD:5.7%,CD:5.6%,UC:2.9%,Active IBD:2.1%,Remission:7.0% 18 Aghdassi/ 2008/[53]/ Canada 74 CD/  35.7±1.4 y  a 7-day food record and a diary B1:0.88 ±0.02 mg,B2:0.93± 0.02 mg ,B3 :11.41± 0.31 mg,B6: 0.93 ±0.04 mg, B9:145.2±7.0 µg, B12: 2.46± 0.37 µg Low B12 intake: 0%,Low B9 intake> 40% 14 Vagianos/ 2012/[34]/ Canada 98IBD,CD:70,  UC:28/ 25-55 y 27M, 71F 3 day food record and FFQ Low B12 intake: 2,5%  ,Low B9  intake:46% Low B6 intake: 6% 15 Lim/2014/ [50]/Korea 41 IBD/ 36,7±11.9y 25M, 16F  24 -hr recal for 3 days  B1:1.1±0.4mg,B2: 1.1±0.4mg,B6: 1.9±0.9mg,B3: 16.9±10.4mgNE B9: 193.9±84.9µg Intake of vit. B2 and folate were lower than the recommended nutritional intakes.  Intake of vit. B1, vit. B2, niacin and folate were lower than the recommended nutritional intakes in the malnourished IBD. 19 Vidarsdottir/ 2016/[31]/ Iceland  78 IBD  CD: 43,  UC :35/ 25-55 y 35M, 43F  Vit.B12 by 3 day food record Vit.B12: 5.1±5.7µg  15 Ao/2017/[33]/ Japan CD: 48  25-55 y 33M, 15F Vit.B12 by FFQ vit B12: 9.0±4.5 µg ,Intake was much higher than RDA  16 Lim/2014/ [28]/Korea 104 IBD  CD: 61,  UC :43/ 39,4±16.1y 60M, 44F 3-day food record B1: 1.1 ± 0.7 mg, B2, 1.4 ± 0.6mg, B6: 1.6 ± 0.7mg, Niacin:16.0 ± 13.5, mgNE and Folate 266.5 ± 58.2µg  17 IBD: Inflammatory Bowel disease, CD: Crohn's disease, UC: ulcerative colitis. C: Healthy control, M: Male, F: Female, wk: week, PLP: Pyridoxal-5- phosphate plasma, Cbl: Cobolamin, RBC: Red blood cell, QS: Quality Score 
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Figure 1. Records identified through searching of databases and reference lists (n= 1753) Pubmed:987/Scopous: 727/ Scholar:39  Duplicates excluded (n=52) 1661 Records excluded due to:  - Irrelevant to the subject of study - Animal studies  - review articles, case report, case series, communication letters, abstracts, posters of conferences, protocol and pilot study 40 Records full-text articles screened Studies considered for systematic review (n=33) 1701 Records title and abstract article screened  7 Records excluded due to: - studies on patients under the age of 18(10-18) - studies on patients after surgery(19, 20).  -study on patients with colon tumors (21)  
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Figure 4.    
Figure 5.
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Figure 8.    
Figure 9. 
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Serum concentration of homocysteine and 
folate intake  In several studies, hyperhomocysteinemia was associated with IBD and folate deficiency [33, 41-44, 47-50]. The average intake of folate was reported in 5 studies [38, 51-54], in all of which the average intake was below the RDA. In three studies [52-54], between 20 and 46 percent of people did not consume adequate amounts of folate.  
 
Vitamin B6 status, serum concentration, 
functional test, and dietary intake in 
patients with IBD  The random-effects pooled prevalence of vitamin B6 deficiency was 37% (ranged 27%-47%) in patients with CD (Figure 10). According to the funnel plot, there was not publication bias and the egger’s and begg’s tests results showed no significant small sample study effect in patients with CD (P for egger’s test= 0.100 and P for begg’s test= 0.296). Based on the meta-analysis results, there were no significant differences in the mean serum vitamin B6 concentration between patients with CD and the controls (MD= -3.97 ng/mL, 95% CI= -11.79-3.85, P= 0.32, I2= 96.7%) (Figure 11). According to the funnel plot, there was some publication bias. After removing an outlier study, the heterogeneity decreased significantly in patients with CD (I2 reduced to 0). Also, the egger’s and begg’s tests results showed no significant small sample study effect in patients with CD (P for egger’s test= 0.514 and P for begg’s test= 0.296).In the study by Vaginose et al., serum vitamin B6 deficiency had the highest prevalence (30%) among all subjects with IBD compared to folate and B12 deficiencies [35]. Inadequate intake of vitamin B6 in patients with IBD was reported in two studies [31, 38]. Female patients with CD had lower mean daily intake of vitamin B6 than French RDA [38]. In the study by Vaginose et al., median pyridoxal-5- phosphate plasma (PLP) levels were significantly lower in patients with CD than in the ones with UC, and there was a greater prevalence of vitamin B6 deficiency in patients with CD than in the ones with  UC [31], but these results were inconsistent with the findings of the study by Saibeni et al [55]. In two studies [39, 44], in contrast to the study by Saibeni et al., [55], hyperhomocysteinemia was associated with vitamin B6 deficiency. 

 
The status of other B vitamins in patients 
with IBD In the study by Filippi et al., the mean vitamin B1 intake was significantly lower in patients with CD than the controls; 77% of patients with CD had low plasma level of niacin [38]. In another study, the intake of riboflavin was significantly lower in patients with UC than the controls [56].   
Discussion  This study examined the nutritional status of all types of vitamin B using different methods: serum concentration, functional test, and dietary intake in patients with IBD, while the only meta-analysis performed on this topic examined status of all type of vitamin B in by three different methods in IBD patient.  In our study, Vitamin B12 deficiency was mostly observed (above 30%) in patients with Crohn disease (CD). Folate deficiency was mostly found in patients with CD (92%) and the ones with ulcerative colitis (UC) (94.2%). The prevalence of vitamin B12 and B6 deficiency was greater in patients with CD than in the ones with UC. 
 



Glareh Koochakpoor et al.  42 JNSD 2020: Vol. 6, No. 1: 27-46 Evaluation of vitamin B12 and vitamin B9 
status in IBD patients through three 
indicators Analysis of serum concentration of vitamin B12 and vitamin B9 in current meta-analysis showed that the prevalence of abnormal serum B12 and B9 concentrations in patients with IBD remained high (even in some cases more than 50%), despite the application of newer therapies. The results of the our study also showed that folate deficiency was more prevalent than other B vitamin deficiencies. There are multiple potential mechanisms that might lead to B9 vitamin deficiency in patients with IBD including malabsorption (inflamed mucosa, diarrhea, and resection of the distal), bacterial overgrowth, dietary deficiency, increased utilization, and use of anti-folate medications (sulfasalazine, methotrexate, corticosteroids, azathioprine, and mercaptopurine) [57]. Disease activity may contribute to increased demand for folate due to inflammation[57].  In the present study, abnormal B9 concentration was more prevalent in patients with UC than in the ones with CD; however, this difference is much less in the case of abnormal B12 concentration. Therefore, it is hypothesized that ileal inflammation is less effective in causing abnormal B9 concentration. This finding also suggests that other factors, such as poor diet or increased requirements, are more effective in B9 vitamin deficiency than malabsorption of vitamin due to ileal inflammation.  The second indicator of vitamin levels studied in this study is the evaluation of functional indicators such as plasma homocysteine level. In the current meta-analysis, there were no significant differences in serum B vitamin level between patients with IBD and the controls. But, in another meta-analysis conducted by Oussalah et al., the mean plasma homocysteine level, another indicator of B vitamins status, was significantly higher in patients with IBD than the controls [58]; this contradiction can be due to the fact that screening for B12 deficiency by serum B12 level is relatively insensitive and using more accurate methods such as measuring MMA or homocysteine can be a more reliable approach to assess B12 status. Serum concentration of B12 vitamins in patients with IBD should be much higher to prevent their deficiency. Furthermore, the body's store of vitamin B12 usually takes about three to five years to exhaust due to a large pool of this vitamin [58]; therefore, it takes time to deplete body stores. In a number of studies, there was no relationship between homocysteine and serum levels of B vitamins and non-nutritional factors such as methylenetetrahydrofolate reductase mutation, drugs (sulfasalazine, corticosteroids, and methotrexate), and history of thrombosis can be involved in increasing the concentration of homocysteine [59]. Finally, patients with IBD often present functional disorders of the liver and patients with hepatic dysfunction may have normal or high serum concentration of vitamin B12 rather than increased body store of vitamin B12 [60]. Reviewing the mean intake of vitamin B12 and vitamin B9 by IBD patients had different results, so that their vitamin B9 intake was lower than that of RDA but their intake of vitamin B12 was higher than that of RDA. Majority of patients with IBD (70%) claimed that diet affects the disease manifestations and, therefore, they changed or restricted their diet [61]. Therefore, it is hypothesized that IBD patients receive less folate because they believe that consuming folate sources such as vegetables and beans could have been a trigger for IBD.   

 
Evaluation of other vitamin B status in 
IBD patients through three indicators In CD patients prevalence of serum vitamin B6 deficiency was higher than other B vitamins. 



Folate Deficiency is More Common in IBD  43 JNSD 2020: Vol. 6, No. 1: 27-46 So it seems that terminal ileal disease with active inflammation, skip lesions and prestenotic dilatation are effective factor in causing B6 deficiency. Since dietary intake deficiency has only been observed in women in one study, it seems that the lack of intake has a lesser effect on vitamin B6 deficiency in people with IBD. In the case of other B vitamins, due to low number of studies, it is not possible to draw clear conclusions A large degree of heterogeneity was observed when evaluating the results of all studies. Various factors may contribute to this heterogeneity including applied techniques (radioimmunoassay, enzyme-linked immunosorbent assay, immunoassay), gender, and age of the patient, severity, location, and duration of the disease, supplementation or fortification, smoking status, fasting status, therapeutic strategy (medication or surgery) and diet evaluation method. On the other hand, these factors, including age and sex, can affect vitamin B status [62].  However, due to the lack of relevant data, subgroup analysis was not performed, which can be a limitation of the current study. Resection of bowel is a risk factor for malabsorption of B vitamins in patients with IBD; therefore, studies on post-operative patients were excluded. The current study could not analyze the disease severity due to different rating criteria, and that no certain study was specified to patients with severe IBD. Due to the high heterogeneity of the articles, no definitive comment can be made, so further studies are recommended and the underlying cause of these shortcomings is unclear, it is not possible to give a general recommendation for all patients with IBD, and the ones with such complications should be examined for B vitamins deficiency. There were two main strengths for the current study; it tried to review most of the indicators of B  vitamins status in patients with IBD (dietary intake and biochemical parameters) and in contrast to previous meta-analysis, the results of studies conducted on children were not included in the current meta-analysis. 
 
In conclusion, results of the current study showed that B vitamins deficiency was more common in patients with UC than the ones with CD, and folate deficiency was more prevalent in patients with IBD than other B vitamins deficiency. The prevalence of vitamin B12 and B6 deficiency was greater in patients with CD than in the ones with UC.  
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