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Prevalence and Risk Factors for Functional Vitamin B12 Deficiency
in Patients with Crohn’s Disease
Mark G. Ward, MBBS,* Viraj C. Kariyawasam, MBBS,* Sathis B. Mogan, MBBS,* Kamal V. Patel, BSc, MBBS,*
Maria Pantelidou, MBBS, BSc, DPMSA,* Agata Sobczy�nska-Malefora, MSc, PhD,†

François Porté, MBBS, BSc,‡ Nyree Griffin, MBChB, MD,‡ Simon H. C. Anderson, MD,*
Jeremy D. Sanderson, MD,*,§ Dominic J. Harrington, BSc, MSc, PhD,† and Peter M. Irving, MA, MD*,§

Background: Crohn’s disease (CD) is a risk factor for vitamin B12 deficiency due to frequent involvement of the terminal ileum. Conventional
screening for B12 deficiency with serum B12 is relatively insensitive and measures total B12 concentration, of which a minority is present in a biologically
active form. Holotranscobalamin (holoTC) combined with methylmalonic acid (MMA) is believed to be more accurate in identifying impaired B12 status.
We evaluated the prevalence and risk factors for B12 deficiency using holoTC supported by MMA among patients with CD.

Methods: We performed a single-center service evaluation of 381 patients with CD who underwent B12 assessment (holoTC/MMA) and compared
them with 141 patients with ulcerative colitis. Eighty-nine patients with CD underwent paired serum B12 and holoTC. Among patients with CD, risk
factors including terminal ileal resection length, ileal inflammation on endoscopy, and disease characteristics on magnetic resonance imaging were
recorded.

Results: Prevalence of B12 deficiency among patients with CD was 33% compared with 16% in ulcerative colitis (P , 0.0001). In 89 patients who
underwent paired tests, conventional testing identified B12 deficiency in 5% of patients with CD, which increased to 32% using holoTC/MMA.
Independent risk factors for B12 deficiency were ileal resection length #20 cm (odds ratio: 3.0, 95% confidence interval, 1.5–6.0, P ¼ 0.002) and
.20 cm (odds ratio: 6.7, 95% confidence interval, 3.0–14.7, P , 0.0001) and ileal inflammation (odds ratio: 3.9, 95% confidence interval, 2.2–6.9, P ,
0.0001). On magnetic resonance imaging, active terminal ileal inflammation (P ¼ 0.02) and an increased disease burden ($1 skip lesion, P ¼ 0.01 and
prestenotic dilatation .3 cm, P ¼ 0.01) were associated with B12 deficiency.

Conclusions: Vitamin B12 deficiency is common in patients with CD. holoTC supported by MMA identifies patients with B12 deficiency considered
replete on conventional testing.

(Inflamm Bowel Dis 2015;21:2839–2847)
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V itamin B12, also known as cobalamin, is a water-soluble vita-
min that is essential for effective erythropoiesis, functioning

of the nervous system, DNA synthesis, and metabolism of carbo-
hydrate, protein, and fat.1 Humans cannot synthesize vitamin B12,
and hence obtain it through the diet, where it is almost exclusively
found in food of animal origin.2 The daily requirement for B12

intake is 1 to 3 mg; body stores approximately 5 mg, which

explains why clinical manifestations of B12 deficiency often
appear late.3 Most absorption (98%) occurs within the distal ter-
minal ileum in contrast to other water-soluble vitamins that are
absorbed in the proximal small bowel. Accordingly, patients with
Crohn’s disease (CD) who frequently have ileal involvement or
undergo ileal resection are at increased risk of B12 deficiency.

Deficiency is often asymptomatic in the early stages;
however, it can eventually present as megaloblastic anemia or
with neuropsychiatric manifestations, including subacute com-
bined degeneration of the cord. Importantly, these potentially
irreversible neurological complications have been reported in
patients without macrocytosis or anemia.4 Furthermore, B12 defi-
ciency leads to hyperhomocysteinemia, which is an independent
risk factor for ischemic heart disease5 and dementia.6

Serum B12 binds to 2 proteins in blood, transcobalamin I
(haptocorrin) and transcobalamin II. Only the transcobalamin II–
cobalamin complex (holotranscobalamin, holoTC) is used for
receptor-mediated cellular uptake and is considered metabolically
active. The role of haptocorrin-bound B12 is unknown. Up to 15%
of patients with low serum B12 are found to have low haptocorrin
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levels and this may contribute to the relatively low specificity of
serum B12 levels in diagnosing B12 deficiency.7 Biochemical
sequelae of B12 deficiency are increased concentrations of plasma
homocysteine and methylmalonic acid (MMA). Vitamin B12 is an
essential cofactor in the conversion of homocysteine to methio-
nine and methylmalonyl-CoA to succinyl-CoA. In B12 deficiency,
the excess of methylmalonyl-CoA is hydrolyzed to MMA. Mea-
suring MMA is considered a good indicator of functional B12

deficiency but is hampered by cost and limited availability. Hy-
perhomocysteinemia is less specific as it also occurs in folate,
thiamine, vitamin B6, and choline deficiency.8

Recognition of the limitations of measuring serum B12 in
the assessment of B12 deficiency has led to the development of
assays that measure holoTC. A growing body of evidence com-
paring holoTC with serum B12 has demonstrated that holoTC is
a superior test in the assessment of B12 deficiency.

7,9 To date, no
studies have reported the utility of holoTC in the assessment of
B12 status in patients with inflammatory bowel disease (IBD).

We therefore conducted a service evaluation to report the
prevalence of B12 deficiency in patients with CD using holoTC
and to identify risk factors associated with deficiency. In addition,
we compared holoTC with serum B12 testing to establish the B12

status of our cohort.

MATERIALS AND METHODS
As part of routine care,10 patients attending the IBD ser-

vice at Guy’s and St Thomas’ NHS Foundation Trust, London,
routinely undergo annual B12 assessment. We included all pa-
tients with CD who had holoTC measured between January
2012 and March 2013, identified retrospectively by review of
the electronic patient record. Patients with ulcerative colitis (UC)
who underwent B12 measurement during this period were
included as disease controls. Patients receiving vitamin B12

replacement or with a history of vitamin B12 deficiency unre-
lated to IBD or those who had undergone previous gastrectomy
were excluded. Thirty-three patients with IBD-unclassified were
excluded. The diagnosis of IBD was based on standard endo-
scopic, histopathologic, and radiological criteria.11,12 Patients
with CD were phenotyped according to the Montreal classifica-
tion.13 A subset of 89 consecutive patients with CD underwent
paired testing of serum B12 and holoTC to compare differences
in rates of B12 deficiency between tests.

Potential risk factors of interest for B12 deficiency were
selected a priori and included age, gender, smoking status, disease
phenotype, current treatment with immunomodulators (thiopur-
ines, methotrexate, or tioguanine) or anti–tumor necrosis factor
agents (infliximab or adalimumab), disease duration, ileal resec-
tion length (0, 1–20, and .20 cm), and disease activity. For CD,
the Harvey Bradshaw Index14 was used with active disease being
defined as a score $5.15 Patients with UC were assessed accord-
ing to the Simple Colitis Clinical Activity Index16 with a score of
#3 being defined as clinical remission.17 Clinical disease activity
is routinely calculated at each patient visit to the clinic and

documented in the electronic patient record. Biochemical evi-
dence of active disease was defined as C-reactive protein (CRP)
$5 mg/L. Ileal resection length was obtained from histopathology
specimen reports or, where these were unavailable, from operative
notes. Ileocolonoscopy or magnetic resonance imaging (MRI),
performed within 6 months of vitamin B12 testing, was used to
assess ileal inflammation. All MRIs underwent review by 2 radi-
ologists with expertise in IBD. At endoscopy, active ileal inflam-
mation was classified subjectively according to the presence or
lack of macroscopic inflammation as reported by the endoscopist.
Clinical data were collected independently by 4 authors and was
then reviewed by the first and senior authors.

Laboratory Methods
Serum holoTC has been used as a first-line screening test

for B12 deficiency in our institution since January 201218 and was
measured using the AxSYM assay (Abbott Diagnostics, Abbott
Park, IL).19 A value ,25 pmol/L was defined as B12 deficiency
and .50 pmol/L considered replete.20 Values between 25 and 50
pmol/L were classified as intermediate18 and underwent MMA
analysis, subject to an estimated glomerular filtration rate of
$60 mL$min21$1.73 m22, using liquid chromatography–tandem
mass spectrometry with electrospray ionization as previously
described.21 MMA values.280 nmol/L confirmed B12 deficiency
in patients ,65 years old, or .360 nmol/L in patients .65 years
old.20,22 Serum B12 was measured using the ARCHITECT assay
(Abbott Diagnostics). Patients with values ,107 pmol/L were
defined as B12 deficient as per local laboratory ranges. A separate
analysis was performed using the National Health and Nutrition
Evaluation Survey serum B12 cutoff for diagnosing B12 deficiency
of ,147 pmol/L.23 Anemia was defined as hemoglobin ,116 g/L
in female patients and ,129 g/L in male patients, and macrocy-
tosis was defined as mean cell volume .96 fL as per local lab-
oratory values.

MRI Subanalysis
In total, 168 of 381 patients with CD (44%) underwent

MRI within 6 months of B12 testing. All MRI studies were per-
formed on a 1.5-T MRI scanner (Siemens, Erlangen, Germany).
Patients were given 1 L of an oral 2.5% mannitol solution and
imaged at 40 minutes according to previously published MRI
parameters.24 The images were reviewed for the presence (.3 mm
mural thickening), length, and activity of CD within the small
bowel. The jejunum was defined on MRI as small bowel extend-
ing from the duodenojejunal flexure and seen within the left side
of the abdomen, the terminal ileum was arbitrarily defined as
small bowel within 20 cm of the ileocecal valve, and the ileum
as the intervening small bowel between the jejunum and terminal
ileum. The number of skip lesions and total length of small bowel
involvement were recorded. Prestenotic dilatation was also noted
and defined as a small bowel diameter of .3 cm immediately
proximal to a skip lesion. Strictures were defined as luminal nar-
rowing with prestenotic dilatation. Active disease was defined as
mural thickening .6 mm, with mural enhancement greater than
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adjacent noninflamed bowel.25,26 Lesions demonstrating between
3 and 6 mm mural thickness with less degree of mural enhance-
ment were considered inactive. A subanalysis was then performed
exploring associations between B12 status and disease character-
istics on MRI.

Statistical Analysis
Categorical variables are presented as number and percent-

age. Quantitative data are presented as mean with standard
deviation or median with interquartile range as appropriate.
Comparisons between patient groups were carried out using
Pearson’s x2, independent sample t test, or Mann–Whitney U test.
Two-sided P-values , 0.05 were considered significant. Multi-
variate analysis was performed using binary logistic regression
where covariates of interest identified a priori were entered into
a forward stepwise model. Variables with P , 0.1 were initially
entered into the model, and variables with P , 0.05 were retained
in the model. Results are reported as adjusted odds ratios (ORs)
and 95% confidence intervals (CIs). For statistical analysis, holoTC
values above the upper limit of quantification (.128 pmol/L) were
assigned a value of 129 pmol/L. Analyses were carried out using
SPSS v21.0 (SPSS Inc., Chicago, IL).

Ethical Consideration
According to the guidelines of the U.K. Health Research

Authority,27 as the data collected were done so as part of routine
clinical care and were evaluated retrospectively, ethical approval
was not required.

RESULTS

Patient Characteristics
In total, 381 patients with CD (male n ¼ 195 [51%]) and

141 with UC (male n ¼ 55 [39%]) were included. Patients with
CD had a longer disease duration (8 versus 6 yr, P , 0.01) and
were more likely to be treated with immunomodulators and/or
biologics than patients with UC (63% versus 38%, P , 0.0001
and 35% versus 9%, P , 0.0001, respectively) (Table 1). There
was no significant difference in mean hemoglobin or mean cell
volume between patients with CD and UC. No patients who
underwent MMA analysis had renal impairment (defined as esti-
mated glomerular filtration rate ,60 mL$min21$1.73 m22).

In total, 137 of 381 patients with CD (36%) underwent
a total of 199 small bowel resections. Ninety-two patients had 1
resection, 34 had 2, 7 had 3, and 4 patients had 4 or more
resections. Data on small bowel resection length were available
from 150 of 199 operations (75%). The median (interquartile
range) cumulative length of resected small bowel among those
who underwent surgery was 18 (11–30) cm.

holoTC Concentration
Median (interquartile range) holoTC was lower among

patients with CD (48 [33–70] pmol/L) compared with those with
UC (67 [46–95] pmol/L), P , 0.0001. Among patients with CD,
46 of 381 (12%) had ,25 pmol/L holoTC; 153 of 381 (40%) had
holoTC in the intermediate range and underwent MMA analysis.
Of these, 80 of 153 (52%) were deficient. Among patients with

TABLE 1. Patient Demographics

Characteristic CD (n ¼ 381) UC (n ¼ 141) P

Male/female, N (%) 195 (51)/186 (49) 55 (39)/86 (61) 0.02

Age (yr), median (IQR) 35 (29–47) 36 (30–47) 0.50

Current smoker, N (%) 59 (16) 18 (13) 0.52

Disease duration (yr), median (IQR) 8 (3–16) 6 (2–12) 0.01

Immunomodulator, N (%) 239 (63) 53 (38) ,0.0001

Azathioprine/mercaptopurine 212 (56) 48 (34)

Methotrexate 11 (3) 2 (1)
Tioguanine 16 (4) 3 (2)

Biologic, N (%) 133 (35) 6 (4) ,0.0001

Abdominal surgery, N (%) 150 (39) 13 (9) ,0.0001

Total small bowel resection length (cm), median (IQR) 18 (11–30) Not applicable

Hemoglobin (g/L), mean (SD) 131.3 (615.8) 130.1 (616.1) 0.62

Mean cell volume (fL), median (IQR) 92 (88–96) 91 (87–95) 0.51

Elevated CRP ($5 ng/mL), N (%) 129 (34) 35 (25) 0.06

Active disease (HBI/SCCAI), N (%) 78 (21) 40 (28) 0.07
Ileal inflammation (endoscopy/MRI), Na (%) 94 (30) Not applicable

aIleal inflammation available in 317 of 381 patients (83%).
HBI, Harvey Bradshaw Index; SCCAI, Simple Colitis Clinical Activity Index.
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UC, 23 of 141 (16%) were B12 deficient; 7 of 141 (5%) using
holoTC alone which increased to 23 of 141 (16%) when combin-
ing holoTC with MMA. The prevalence of B12 deficiency using
holoTC and MMA analysis was significantly greater in patients
with CD than in patients with UC (33% versus 16%, P, 0.0001).

holoTC Versus Serum B12 for Assessment of
B12 Deficiency

Eighty-nine patients with CD had B12 status assessed with
paired serum B12 and holoTC. Using local laboratory ranges,
serum B12 identified B12 deficiency in 4 of 89 (5%) compared
with 13 of 89 (15%) using holoTC alone. The latter group
increased to 28 of 89 (32%) when intermediate range holoTC
results were analyzed by MMA (Fig. 1). In addition, 1 of 4 pa-
tients (25%) assessed as deficient on serum B12 testing had an
intermediate holoTC value (44 pmol/L); however, they were
found to be replete on MMA testing. The remaining 3 patients
with B12 deficiency on serum testing were also deficient on hol-
oTC testing alone. Applying the National Health and Nutrition
Evaluation Survey cutoff for diagnosing B12 deficiency (,147
pmol/L), serum B12 identified B12 deficiency in 22 of 89 (25%)
patients. Twelve of 22 patients (56%) deficient on serum B12 were
replete using holoTC and MMA. Furthermore, 18 of 67 (27%)
classified as replete using serum B12 were found to have B12

deficiency using holoTC and MMA.

Univariate and Multivariate Analysis of
Disease Characteristics and B12 Status

On univariate analysis (Table 2), ileal disease location (L1/
L3 versus L2) significantly predicted B12 deficiency (OR: 2.8,
95% CI, 1.6–4.8, P , 0.0001), as did a complicated phenotype
(stricturing OR: 2.0, 95% CI, 1.2–3.3, P ¼ 0.005 and penetrating
OR: 2.4, 95% CI, 1.4–4.3, P ¼ 0.002 compared with nonpene-
trating, nonstricturing disease).

Patients with a history of ileal resection were more likely to
be B12 deficient compared with those without surgery (OR: 3.2,
95% CI, 2.0–4.9, P , 0.0001). Increasing ileal resection length
was associated with B12 deficiency with OR of 1.04 and 95% CI
of 1.02 to 1.05, P , 0.0001, for each 1 cm resected. B12 defi-
ciency was found in 24%, 48%, and 65% of patients with

resections of 0 cm, #20 cm (OR: 2.9, 95% CI, 1.6–5.2, P ,
0.0001), and .20 cm (OR: 5.8, 95% CI, 3–11.3, P , 0.0001),
respectively (Fig. 2).

Patients with active disease, assessed through clinical
indices, CRP, or on endoscopy/imaging were also significantly
more likely to have B12 deficiency (Fig. 3) (OR: 2.5, 95% CI, 1.5–
4.1, P , 0.0001; OR: 1.6, 95% CI, 1.0–2.5, P ¼ 0.03; OR: 4.5,
95% CI, 2.7–7.7, P , 0.0001 for Harvey Bradshaw Index $5,
CRP .5 ng/mL, and active inflammation at endoscopy/imaging,
respectively).

In total, 292 of 381 patients (77%) had complete data and
were entered into the multivariate analysis (Table 3). Increas-
ing ileal resection length (OR: 3.0, 95% CI, 1.5–6.0, P ¼ 0.002
and OR: 6.7, 95% CI, 3.0–15.0, P , 0.0001 for #20 and .20
cm resected, respectively) was an independent predictor of B12

deficiency. Ileal inflammation (endoscopy/imaging) also
remained significant after multivariate analysis (OR: 3.9,
95% CI, 2.2–6.9, P , 0.0001). There was a trend to clinically
active disease (Harvey Bradshaw Index $5) being an indepen-
dent predictor of B12 deficiency (OR: 1.9, 95% CI, 0.98–3.7,
P ¼ 0.6). None of the other variables, including disease loca-
tion, nor behavior were independently associated with B12

status.

Relationship Between MRI Findings and
B12 Status

In total, 168 of 381 patients (44%) underwent an MRI
within 6 months of B12 assessment and were included in a sub-
analysis to explore further the relationship between small bowel
disease involvement, activity, and B12 status; 63 of 168 patients
(38%) were B12 deficient.

On univariate analysis, active terminal inflammation was
significantly associated with B12 deficiency (OR: 2.3, 95% CI,
1.2–4.7, P ¼ 0.02) (Table 4). Prestenotic dilatation (OR: 2.9,
95% CI, 1.3–6.8, P ¼ 0.01) and segmental small bowel disease
(1 or more skip lesions) (OR: 2.3, 95% CI, 1.2–4.4, P ¼ 0.01)
were also associated with B12 deficiency. A trend toward ileal
strictures and B12 deficiency was observed (OR: 2.3, 95% CI,
0.9–5.8, P ¼ 0.09).

The 94 of 168 patients (56%) who had inflammation
involving the terminal ileum or ileum were analyzed with respect
to length of small bowel involvement. One outlier with 165 cm of
ileal and 35 cm of jejunal involvement who was B12 replete was
excluded. Within this group, 43 of 93 patients (46%) were B12

deficient. The length of inflamed ileum was significantly greater
in those with B12 deficiency, mean (SD) ¼ 14.1 (14.9) cm, than in
patients who were B12 replete, mean (SD) ¼ 8.6 (9.5) cm, P ¼
0.04. Of note, uninflamed but involved ileum was not associated
with B12 deficiency.

DISCUSSION
This study, the first using holoTC and MMA and the largest

to date assessing B12 status among patients with CD,FIGURE 1. Prevalence of B12 deficiency using different tests.
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TABLE 2. Univariate Analysis Between Covariates and B12 Status

Variable

B12 Deficient,

n ¼ 126/381 (33%)

B12 Replete,

n ¼ 255/381 (67%) Unadjusted OR 95% CI P

Gender
Female 54 (43%) 132 (52%) 1.0

Male 72 (57%) 123 (48%) 1.4 0.9–2.1 0.1

Age, yr

,18 2 (2%) 4 (2%) 1.0

18–25 15 (12%) 35 (13%) 0.9 1.1–5.2 0.9

26–35 46 (37%) 90 (35%) 1.0 2.2–5.8 1.0

36–50 39 (31%) 80 (32%) 1.0 0.2–5.6 1.0

.50 24 (18%) 46 (18%) 1.0 0.2–6.1 1.0
Smoker

No 102 (81%) 220 (86%) 1.0

Yes 24 (19%) 35 (14%) 1.5 0.8–2.6 0.2

Age at diagnosis, yra

,16 15 (12%) 31 (12%) 1.0

16–40 94 (75%) 185 (74%) 1.1 0.5–2.0 0.9

.40 16 (13%) 35 (14%) 0.9 0.4–2.2 0.9

Behavior
Nonstricturing/nonpenetrating 42 (33%) 133 (52%) 1.0

Stricturing 50 (40%) 78 (31%) 2.1 1.2–3.3 0.005

Penetrating 34 (27%) 44 (17%) 2.4 1.4–4.3 0.002

Ileal disease

L2 19 (15%) 84 (33%) 1.0

L1/L3 107 (85%) 171 (67%) 2.8 1.6–4.8 ,0.0001

Duration disease, yr

0–2 28 (22%) 63 (25%) 1.0
.2–10 44 (35%) 92 (36%) 1.1 0.6–1.9 0.8

.10 54 (43%) 100 (39%) 1.2 0.7–2.1 0.5

Treatment with immunomodulator

No 48 (38%) 94 (37%) 1.0

Yes 78 (62%) 161 (63%) 0.9 0.6–1.5 0.8

Treatment with biologic

No 80 (64%) 168 (66%) 1.0

Yes 46 (34%) 87 (34%) 1.1 0.7–1.7 0.6
Ileal resection

No 58 (46%) 186 (73%) 1.0

Yes 68 (54%) 69 (27%) 3.2 2.0–4.9 ,0.0001

Anemicb

No 91 (73%) 199 (79%) 1.0

Yes 33 (27%) 54 (21%) 1.3 0.8–2.2 0.3

Macrocytosisb

No 103 (83%) 192 (76%) 1.0
Yes 21 (17%) 61 (24%) 1.6 0.4–1.1 0.1

aAvailable in n ¼ 376.
bAvailable in n ¼ 377.
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demonstrates that B12 deficiency is common and that holoTC
coupled with MMA identifies B12 deficiency in patients otherwise
considered replete on traditional serum testing (serum B12 alone).
Increasing ileal resection length and ileal inflammation were inde-
pendent predictors of B12 deficiency. In addition, using MRI to
assess the relationship between the burden of small bowel disease
and B12 status, we demonstrated that terminal ileal disease with
active inflammation, skip lesions, and prestenotic dilatation were
associated with B12 deficiency.

A recent review found that 5.6% to 38.0% of patients with
CD were B12 deficient.

28 The largest study, a single-center retro-
spective review of 201 adult patients with CD,29 found that 18.4%
of patients were deficient using serum B12 measurement; multi-
variate analysis identified that prior ileal (OR: 7.22, 95% CI,
1.97–26.51) or ileocolonic (OR: 5.81, 95% CI, 2.09–16.12) resec-
tion and the need for ongoing medical therapy (OR: 2.59, 95% CI,
1.03–6.47) were independent risk factors for B12 deficiency.

Our findings suggest that low B12 status may be present in
one-third of patients with CD, a generally higher prevalence than
that reported in most studies.29–31 This is likely to be due to the
differences in methodologies used and the cutoffs applied for
holoTC, serum B12, and MMA tests. Therefore, when interpreting
results related to vitamin B12 status, these factors should be taken
into consideration. Indeed, there is a growing body of evidence
that holoTC offers improved sensitivity and specificity when com-
pared with serum B12.

7,32–34 In this regard, our results demonstrate
that in paired samples, serum B12 identified B12 deficiency in 5%
of patients with CD compared with 32% using holoTC and MMA.
In addition, in 1 patient found to be deficient on serum B12 testing,
holoTC and MMA values were within reference ranges. Applying
the higher National Health and Nutrition Evaluation Survey cutoff
of 147 pmol/L, the prevalence of B12 deficiency increased to 25%.
However the specificity was poor, and a significant proportion of
patients with evidence of functional B12 deficiency remained
unidentified. Although MMA is the preferred test to confirm func-
tional B12 deficiency,

35,36 it has yet to be widely adopted. It should
also be noted that MMA is influenced by other factors

FIGURE 2. Association between B12 status and length of ileum re-
sected.

FIGURE 3. Proportion of B12-deficient patients according to active versus inactive disease. CRP, C-reactive protein; HBI, Harvey Bradshaw Index.

TABLE 3. Multivariate Analysis of Covariates
Independently Associated with B12 Status

Variable Adjusted OR 95% CI P

Ileal resection

None

0–20 cm 3.0 1.5–6.0 0.002

.20 cm 6.7 3.0–15.0 ,0.0001

Ileal inflammation 3.9 2.2–6.9 ,0.0001
Active disease (HBI) 1.9 0.98–3.7 0.06

HBI, Harvey Bradshaw Index.
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independently of B12 deficiency, such as renal impairment and
bacterial overgrowth, the latter being of particular relevance in
CD with previous surgery or small bowel disease.37 It should be
emphasized that although holoTC offers theoretical advantages
over serum B12 as a first-line screening test, there are limitations.
Coupling MMA to holoTC improves specificity; however, there
remains no true gold standard to diagnose functional B12 defi-
ciency. Little is known about other conditions or factors that
may influence holoTC. Whether a single deficient holoTC value
progresses or spontaneously regresses has not been elucidated.
There are also unanswered questions around whether holoTC
measures B12 metabolism, absorption, or both.38 Further studies
in mixed populations are required to determine the relevance of
subclinical B12 deficiency detected with holoTC.

The possible reasons for high rates of B12 deficiency among
patients with CD are protean. First, disease or resection of the
terminal ileum increases the risk of B12 deficiency. The terminal
ileum alone is involved in 45% of patients with a further 18%
having an ileocolonic distribution,39 although the risk of surgery
at 1, 5, and 10 years in patients with CD approximates 16%, 33%,
and 47%.40 In addition, small bowel bacterial overgrowth can
impair B12 absorption. The results of studies assessing the impact
of terminal ileal resection length on subsequent B12 deficiency in
patients with CD have been conflicting. Resections .60 cm
invariably result in B12 deficiency,41,42 whereas 48% to 53% are
rendered B12 deficient with resections between 20 and 60 cm.42,43

Among those with resections ,20 cm, one study reported that no
patients developed B12 deficiency,

43 whereas another study found
that 38% of patients with a resection of ,10 cm were B12 defi-
cient.42 However, these studies did not consider other factors that
may influence B12 absorption. In our study, we confirmed on
multivariate analysis that increasing ileal resection length was
predictive of B12 deficiency. Our finding that 31 of 48 patients
(65%) with a resection of .20 cm had B12 deficiency is in broad
agreement with previous studies, the slightly higher prevalence
possibly being due to the greater sensitivity of holoTC/MMA
testing. Ileal disease involvement and a history of stricturing or
penetrating phenotype were also associated with B12 deficiency
on univariate analysis but were not found to be independent pre-
dictors on multivariate analysis and are probably markers for
surgical intervention.

This study is the first to explore the relationship between
MRI disease characteristics and B12 status among patients with
CD. An interesting observation was that active terminal ileal
inflammation rather than chronic or inactive disease was signifi-
cantly predictive of B12 deficiency. We found that patients with
B12 deficiency had, on average, more extensive active small
bowel inflammation (mean 14.1 versus 8.6 cm, P ¼ 0.04). Sim-
ilarly, an increasing number of skip lesions and the presence of
prestenotic dilatation were also associated with B12 deficiency,
and a trend toward small bowel strictures was observed. Small
bowel strictures and dilatation may predispose to B12 deficiency

TABLE 4. Univariate Analysis of MRI Findings and B12 Status

Variable B12 Deficient, n ¼ 63 (38%) B12 Replete, n ¼ 105 (62%) Unadjusted OR 95% CI P

Terminal ileal disease (distal 20 cm)

No 25 (40%) 58 (55%) 1.0
Inactive disease 9 (14%) 18 (17%) 1.1 0.5–2.9 0.8

Active inflammation 29 (46%) 29 (28%) 2.3 1.2–4.7 0.02

Ileal disease

No 54 (86%) 96 (91%) 1.0

Inactive disease 3 (5%) 2 (2%) 2.6 0.4–16.5 0.3

Active inflammation 6 (9%) 7 (7%) 1.5 0.5–4.8 0.5

Jejunal disease

No 60 (95%) 102 (97%) 1.0
Inactive disease 2 (3%) 0 (0%)

Active inflammation 1 (2%) 3 (3%) 0.6 0.06–5.6 0.6

SB skip lesions

None 20 (32%) 54 (51%) 1.0

$1 43 (68%) 51 (49%) 2.3 1.2–4.4 0.01

Prestenotic dilatation

No 47 (75%) 94 (90%) 1.0

Yes 16 (25%) 11 (10%) 2.9 1.3–6.8 0.01
Stricture

No 52 (83%) 96 (91%) 1.0

Yes 11 (17%) 9 (9%) 2.3 0.9–5.8 0.09
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through several mechanisms, including bacterial overgrowth.
These findings underscore the importance of an intact terminal
ileum in meeting adequate dietary B12 absorption and imply, as
one might expect, that with increasing disease burden, B12 defi-
ciency becomes more prevalent.

Our finding of B12 deficiency in 16% of patients with UC
was unexpected. Among patients with UC, the prevalence of B12

deficiency has been shown to approximate that of the general pop-
ulation44 except in patients who have undergone restorative proc-
tocolectomy with ileal pouch–anal anastomosis in whom the
prevalence of B12 deficiency is as high as 25%.45 Whereas all
patients with CD at our institution undergo annual B12 assessment,
patients with UC are checked at the physician’s discretion. This
may have led to selection bias. As patients with UC have inflam-
mation confined to the colon, rates of B12 deficiency generally
parallel those with age-matched healthy controls.30,31 Backwash
ileitis may impair dietary B12 absorption,46 and ileal pouch–anal
anastomosis may also lead to impaired B12 absorption due to faecal
stasis and small bowel bacterial overgrowth.47 Among our cohort of
patients with UC, 11 of 141 (8%) had undergone colectomy with
ileal pouch–anal anastomosis, of whom 4 of 11 (36%) were B12

deficient. Interestingly, using identical analytical platforms and ref-
erence range cutoffs, the prevalence of patients with low holoTC
and/or elevated MMA in our mixed general patient population at
our institution was 11%.18

There are several limitations with this study. First, the
cohort represents patients managed in a tertiary referral center
who may have a more aggressive disease phenotype with a higher
prevalence of surgery compared with the wider IBD population.
However, disease location, behavior, and surgical rates are
comparable with large population-based studies.39,40,48–50 Our
finding of B12 deficiency in 33% of patients with CD did not
consider patients who were already identified as being B12 defi-
cient who were receiving supplementation nor did it consider
nonprescribed B12 intake with multivitamin therapy. Thus, it
may underestimate the true prevalence. We did not routinely
screen for other causes of B12 deficiency; however, the impact
is likely to be small. Pernicious anemia, responsible for 20% to
50% of all causes of vitamin B12 deficiency51 for example, has
a prevalence of only 0.1% in the general population and a median
age at diagnosis of 60 years.52,53 The validity of findings on
ileocolonoscopy or MRI up to 6 months from B12 sampling
has limitations; however, the median time between B12 measure-
ment and either endoscopic or MRI assessment was short
(1 mo). In this regard, total body stores of vitamin B12 are
several orders of magnitude greater than daily requirements,
and therefore, the development of B12 deficiency will develop
slowly when absorption is impaired.54 The retrospective design
of the study limits the strength of the conclusions. Prospective
measurement of all 3 tests (serum B12, holoTC, and MMA) with
receiver operating characteristic analysis should be performed in
this population in the future. Furthermore, a comparison
between serum B12/MMA and holoTC/MMA among those with
intermediate B12 would give further insights into the relative

performance of each test. Among our subgroup of paired serum
B12 and holoTC, we performed MMA only on those with inter-
mediate holoTC values.

In conclusion, this study demonstrates that assessing B12

status in patients with CD using holoTC and MMA identifies
impaired B12 status in patients otherwise considered replete with
traditional serum testing. The holoTC and MMA also exclude B12

deficiency in patients otherwise considered deficient using serum
testing. Although these results suggest that holoTC offers higher
sensitivity compared with serum B12 as first-line screening for B12

deficiency among patients with IBD, it comes at the expense of
performing MMA (in this cohort approximately 40%). Further-
more, both holoTC and MMA are not reimbursable tests in many
countries throughout the world. B12 deficiency is common in
patients with CD, particularly those with a previous history of
ileal resection and current ileal inflammation. Further studies are
required to determine the effect of B12 supplementation in such
patients and also to identify the optimal dose and route of delivery
of B12 replacement therapy.
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