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Abstract
Background and Aim: A reliable serum biomarker for inflammatory bowel disease
(IBD) activity is needed. Vitamin D is involved in inflammation and has been demon-
strated to be low in IBD patients with active disease. It is routinely measured in IBD
patients. Therefore, vitamin D may have a role as a serum biomarker in IBD. This
study aims to investigate whether serum vitamin D may be useful as a biomarker in
IBD in a real-world IBD population.
Methods: Patients were identified by review of fecal calprotectin (FCP) results, and
those who had a clinical review, vitamin D test, and FCP performed within 3 months
were included. Clinical scores were calculated from chart review. Nonparametric tests
were used to investigate vitamin D and FCP levels, serum biomarkers, and clinical
scores.
Results: Of 616 patients identified, 325 episodes of matched vitamin D level and bio-
marker data were obtained. A statistically significant correlation was found between
vitamin D levels and FCP levels for all patients (r = �0.19 [s –0.29 to �0.080],
P < 0.001]. This remained true when patients were divided into IBD subsets. Low
vitamin D was associated with partial Mayo scores and C-reactive protein (CRP) to
albumin ratio in ulcerative colitis, and CRP and CRP/albumin ratio in Crohn’s
disease.
Conclusion: Vitamin D level is negatively correlated with FCP and it may be consid-
ered as an adjunct biomarker at this stage. A prospective study would be beneficial to
investigate further correlations between vitamin D and existing biomarkers of inflam-
mation in IBD.

Introduction
Optimal management of inflammatory bowel disease (IBD) is a
key area of interest, and treatment targets have been under the
microscope.1 Although gastrointestinal (GI) symptoms are com-
mon in active IBD, they are not always present and, when pre-
sent, they are not always due to inflammation. The gold standard
for disease activity detection is endoscopy, but this is invasive,
expensive, and has relatively low patient acceptance unless
symptoms are severe. A specific, sensitive, and reliable serum
biomarker for IBD activity does not exist currently. C-Reactive
protein (CRP) is used, but a portion of patients have either a
modest or absent CRP response, particularly those with ulcera-
tive colitis (UC).1,2 The composite marker CRP/albumin ratio
has also been shown to be useful in predicting disease out-
comes.3 Fecal calprotectin (FCP) test is noninvasive and has a
sensitivity of 0.88 (95% CI: 0.84–0.90) for active IBD4 but is
not always funded and requires stool collection, thus lowering
patient acceptability.5 Cross-sectional imaging involves radiation

exposure and is primarily useful for transmural complications of
Crohn’s disease (CD).6 Intestinal ultrasound (IUS) can detect
active disease but is not routinely available in many centers.7

Vitamin D has been shown to play a role in inflammation
in multiple conditions including sepsis, chronic kidney disease,
and IBD.8–10 The mechanism behind this is believed to be due to
regulation of the production of inflammatory cytokines and inhi-
bition of the proliferation of proinflammatory cells.10 Low vita-
min D has been shown to be associated with active IBD in
retrospective studies both in Australia and internationally,
suggesting its potential role as a biomarker.11–15 Low vitamin D
levels correlate with worse outcomes and more complex disease
in IBD.16,17 Vitamin D has also been proposed as a treatment for
IBD, but studies to date have shown it to be beneficial only as an
adjunct.16,18,19 Vitamin D testing is inexpensive (approximately
$8 AUD per test compared to $50–80 for calprotectin) and
results are consistent.20

There is a paucity of data assessing whether serum vitamin
D is useful as a biomarker in the clinical setting in IBD.
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This study aims to investigate whether serum vitamin D may be
useful as a biomarker by establishing how it correlates with FCP,
other biomarkers, and clinical scores.

Design and methods
Quality assurance ethical approval was obtained from the
Monash Health Human Research Ethics committee (RES-
19-0000-957Q). Patient consent was not required given routine
patient data were collected retrospectively and de-identified as
part of an audit process. Retrospective data was collected via a
chart review of the hospital pathology system and medical
records. Patients were initially selected by using the pathology
database of those who had their FCP measured in 2019. From
this initial cohort, IBD patients with a clinical assessment, FCP,
and blood tests including vitamin D level within 3 months were
identified from 2015 to June 2020. Vitamin D status is routinely
monitored in blood samples in this clinic, given the community
prevalence of vitamin D deficiency and noted negative correla-
tions with active inflammation. Given the retrospective nature of
this study, we could not take into account the seasonal variation,
and matched patient data did not consistently represent different
times of year.

Demographic data, IBD subtype, treatment, and symptoms
were obtained from the clinical records of patients. FCP is
funded by the hospital and is routinely used in monitoring IBD
patients at this tertiary clinic. Test results for calprotectin, inflam-
matory markers, and 25-hydroxy-vitamin D (a marker of vitamin
D status) were sourced from the pathology laboratory informa-
tion system. Vitamin D levels were assessed using competitive
immunoassay. Endoscopic assessment was not relevant to this
noninvasive, clinic-based study.

Data were subsequently de-identified, tested for normality,
and analyzed using GraphPad Prism v. 9. Demographic data
were analyzed using descriptive statistics and frequency distribu-
tions. The vitamin D levels were compared using Spearman rank
correlation with FCP, CRP, albumin, hemoglobin, and platelets.
CRP/albumin ratio and Harvey Bradshaw Index (HBI) for CD
patients and partial Mayo score (pMayo) for UC patients were
also calculated and compared with vitamin D status. Receiver
operating characteristic (ROC) curves were used to determine
what vitamin D level was sensitive and specific for an elevated
FCP. Intra-patient variability was also investigated. The data did
not meet tests of normality, and therefore change between
patients evaluated with Spearman rank correlation and Wilcoxon
matched pairs rank test was used to compare individual patient

results at two different time points. Elevated FCP determined to
be clinically relevant was set at a value >150 μg/g.21

Results
The initial cohort comprised 616 patients. Three-hundred and
twenty-five patient episodes with matched FCP and blood tests
including vitamin D, CRP, albumin, hemoglobin, and platelets
were identified. This consisted of 81 CD patients with 184 care
episodes (52%) of matched data and 67 UC patients with 127 care
episodes (43%) of matched data. There were 14 IBD-unspecified
care episodes with matched data (7 patients, 4.5%). Baseline
characteristics for patients characterized by IBD diagnosis are
listed in Table 1. Further breakdown of disease by location is
given in Table 2.

Over half of the patient episodes were recorded while on
biologic therapy: 52% in CD and 50% in UC. Treatment data
was not available for 9% of patients. Smoking data was not
recorded for 47% of patients, but of those with records, the
majority were CD patients (19%). Also, 4% of UC patients were
recorded as smokers during their clinic reviews, and 13% of both
CD and of UC patients were recorded as taking vitamin D sup-
plementation. Disease activity over time fluctuated, and active
disease was noted on clinical review criteria (defined as partial
Mayo >2 in UC and HBI > 5 in CD) in 51% of UC patients and
22% of CD patients.

Median vitamin D level for all patients across all episodes
of care was 56 nmol/L (interquartile range [IQR] 42–72) (refer-
ence range 50–250 nmol/L). There was no difference between
smokers (56 nmol/L, IQR 39–66) and non-smokers (55 nmol/L,
IQR 41–66; P = 0.98), as well between biologic therapy
(57 nmol/L; IQR 47–72) no biologic therapy (55 nmol/L; IQR
41–71; P = 0.19).

Linear regression plots between vitamin D and the other
biomarkers are shown in Figure 1. This showed a statistically
significant negative correlation when comparing vitamin D level
and FCP, platelet count, and CRP but not albumin or hemoglo-
bin. The corresponding statistical analyses are shown in Table 3.
When all patient episodes were assessed, a statistically significant
negative correlation was found between vitamin D levels and
FCP levels (r = �0.19 [�0.29 to �0.080], P < 0.001). This
remained true when patients were divided into CD and UC sub-
sets. Vitamin D levels were found to negatively correlate with
CRP and platelet counts when all patients were considered
together, but when split into CD and UC, this did not remain sta-
tistically significant. There was no correlation between vitamin D
levels and albumin or hemoglobin for all patients or the CD

Table 1 Baseline characteristics

All patients (n = 155) CD (n = 81) UC (n = 67) IBD-U (n = 7)

Sex (% male) 45 46 43 71
Age (median, years) [IQR] 38 [25–52] 34 [23–50] 38 [28–54] 57 [50–60]
Disease duration (median, years) [IQR] 5.9 [2.3–12] 7.8 [2.6–15] 4.6 [1.2–11] 4.9 [2.8–7.5]
Biologic therapy (%) 46 52 50 N/A†

Vitamin D supplementation (%) 25 13 13 N/A†

†Data available only for one patient with IBD-U.
CD, Crohn’s disease; IBD-U, inflammatory bowel disease unclassified; IQR, interquartile range; UC, ulcerative colitis.
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subset. UC patients had a statistically significant positive correla-
tion between albumin level and vitamin D level. Vitamin D was
also significantly correlated with CRP/albumin ratio for all
patients and for UC patients, but not for CD patients alone.

Vitamin D levels were also compared against clinical
scores for CD (the HBI) and UC (the pMayo score). Vitamin D
level in CD did not significantly correlate with HBI (r = �0.29
[�0.18 to 0.12], P = 0.70) but it did correlate with pMayo in the
UC cohort (r = �0.24 [�0.40 to �0.060], P = 0.007).

An analysis of vitamin D level compared to whether FCP
was elevated or normal (with elevated set at 150 μg/g) was car-
ried out. One-hundred and fifty-three patient episodes had FCP
>150 μg/g. Area under the ROC curve was 0.58.

Table 2 IBD phenotype breakdown

Ulcerative colitis disease location, n (%)

Proctitis 9 (13)
Left-sided 27 (40)
Pancolitis 31 (46)
Crohn’s disease location, n (%)

Ileal 27 (33) Perianal 21 (26)
Colonic 15 (19) Upper GI Not collected
Ileocolonic 39 (48)
IBD-U, n (%)

Colonic 7 (4.5)

IBD-U, inflammatory bowel disease unclassified.
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Figure 1 Linear regression of vitamin D versus (a) FCP, (b) CRP, (c) albumin, (d) platelets, (e) hemoglobin, and (f) CRP/albumin ratio. CRP,
C-reactive protein; FCP, fecal calprotectin.
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The ratio of vitamin D level to FCP level was calculated
and compared for each CD and UC patient episode with two dif-
ferent time points, at any stage during the study period. Fifty
patients with CD had more than one time point of matched data.
When change in FCP was compared with change in vitamin D
level using Spearman’s correlation, no significant difference was
seen (r = �0.056, 95% CI: –0.34 to 0.23). Twenty-six of
50 patients (52%) had concordant changes (FCP decreased with
increasing vitamin D, or vice versa). Thirty-five patients with UC
had more than one time point of matched data. When change in
FCP was compared with change in vitamin D level using Spe-
arman’s correlation, no significant difference was seen
(r = �0.14, 95% CI: –0.46 to 0.21). Eighteen of the 35 patients
(51%) had concordant changes in their vitamin D levels com-
pared to their FCP (Fig. 2). Wilcoxon matched-pair signed-rank
test revealed that there was no significant difference within indi-
vidual patients when comparing their ratio and change over two
time points in both the CD and UC disease subsets (P = 0.16 for
both groups).

Discussion
This real-world retrospective study assessing the potential role of
vitamin D as a biomarker in IBD showed a significant inverse
correlation between vitamin D and FCP levels in both CD and

UC. This adds further support for the existing evidence of vita-
min D as a negative acute-phase reactant.14,22 Despite the corre-
lation between low vitamin D and elevated FCP in this cohort,
no clinically significant cut-off vitamin D level to indicate active
inflammation could be determined from the ROC curve analysis.
This observation did not consider the season of testing or patients
taking vitamin D supplementation.

When vitamin D was considered against other biomarkers,
correlation was predominantly seen in the disease subgroups.
Vitamin D level correlated with albumin in UC but not in
CD. CRP and CRP/albumin ratio also correlated with vitamin D
levels in UC patients. Low vitamin D has been shown to corre-
late with reduced serum albumin, particularly in renal disease
and albuminuria,23 but no cause for the correlations in UC more
so than CD is immediately evident, particularly as more patient
episodes were CD. Interestingly, CRP is not always thought to
correspond to UC activity as accurately as CD,1,24 but the
correlation between vitamin D level and CRP was not statisti-
cally significant in CD but it was in UC. Vitamin D levels in CD
did not significantly correlate with HBI. This is in contrast to
previously published data demonstrating low vitamin D levels in
those with elevated HBI.25

No significant intra-patient change in vitamin D level was
noted in the 85 patients with multiple matched data points. Intra-
patient variability was difficult to assess from this retrospective

Table 3 Vitamin D compared to fecal calprotectin (FCP) and other biomarkers

All patient episodes (n = 325) CD episodes (n = 184) UC episodes (n = 127)

Vitamin D vs FCP r = �0.19 (�0.29 to �0.080),
P < 0.001

r = �0.19 (�0.33 to �0.046),
P = 0.008

r = �0.23 (�0.39 to �0.052),
P = 0.010

Vitamin D vs CRP r = �0.16 (�0.27 to �0.05),
P = 0.005

r = �0.13 (�0.27 to 0.03),
P = 0.098

r = �0.16 (�0.34 to 0.024),
P = 0.080

Vitamin D vs albumin r = 0.080 (�0.035 to 0.19),
P = 0.16

r = �0.010 (�0.16 to 0.14),
P = 0.90

r = 0.22 (0.036 to 0.39),
P = 0.016

Vitamin D vs platelets r = � 0.15 (�0.26 to �0.039),
P = 0.007

r = �0.14 (�0.28 to 0.016),
P = 0.072

r = � 0.21 (�0.38 to �0.033),
P = 0.017

Vitamin D vs hemoglobin r = 0.048 (�0.066 to 0.16),
P = 0.40

r = �0.041 (�0.19 to 0.11),
P = 0.58

r = 0.17 (�0.016 to 0.34),
P = 0.066

Vitamin D vs CRP/albumin
ratio

r = �0.150 (�0.26 to �0.031),
P = 0.011

r = �0.10 (�0.25 to 0.057),
P = 0.20

r = �0.22 (�0.39 to �0.029),
P = 0.020

CD, Crohn’s disease; CRP, C-reactive protein; UC, ulcerative colitis.
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Figure 2 Intra-patient variation for Crohn’s disease (CD—a) and ulcerative colitis (UC—b) subsets.
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chart analysis. The majority of patients with multiple data points
had stable medication throughout the study period. Patients with
two time points of data were assessed with the difference
between their vitamin D and calprotectin levels. Although these
differences were not significant, this is the first study to examine
these datasets in both CD and UC. Both sets of data showed con-
cordance of data (FCP decreased with increasing vitamin D, or
vice versa) in about 50% of patients. This was the more expected
outcome given vitamin D appears to be a negative acute-phase
reactant. Reasons as to why it did not occur in the other half of
patients may include vitamin D supplementation or appropriate
exposure, as vitamin D deficiency is a known problem in
Australia and is routinely mentioned and measured in this IBD
clinic.

Low vitamin D is common, particularly in temperate cli-
mates. In Australia, vitamin D deficiency has been described as
severe with a level of <13 nmol/L, moderate with a level of 13–
29 nmol/L, and mild with a level of 30–49 nmol/L. A level of
≥50 nmol/L is considered adequate.26 In contrast to European
data showing vitamin D insufficiency or deficiency in 80% of
IBD patients at diagnosis,25 median vitamin D levels in our
cohort during clinical monitoring were adequate when considered
against Australian recommendations.26 Conversely, data from
slightly further south in Australia (Tasmania) in an autoimmune
disease cohort (multiple sclerosis) and control populations
showed a high prevalence of vitamin D deficiency.27 This further
supports routine monitoring of vitamin D in patients with IBD
living in a temperate climate.

The strength of this study was the large, well-characterized
representative cohort with multiple time points for analysis.
There were more patients on biologic therapy in our cohort com-
pared to previous international cohorts examining disease
activity,28 and many patients had active disease episodes. All
patients lived in a temperate-climate city with limited sun expo-
sure over winter.

Several limitations existed in this study. First, this was a
retrospective, single-center study using FCP as a surrogate gold
standard for disease activity. Endoscopic results were not
recorded because of the noninvasive and clinic-based nature of
the study. Data on vitamin D supplementation were not recorded
for all patients, particularly as it is commonly an over-the-counter
medication. Adherence to prescribed vitamin D supplements was
also not uniformly assessed. Although smoking has been noted
to be associated with lower vitamin D levels in CD patients,12

the overall number of smokers was small and not all patients had
their smoking status recorded. Additionally, smoking can impact
vitamin D status, leading to lower vitamin D levels.25,29 The
effect of this was not possible to account for, given the paucity
of reliable smoking data. Ethnicity and skin type were not
recorded from the chart review but would play a role in individ-
uals’ ability to absorb environmental vitamin D. A future pro-
spective study would allow for these missing data to be
collected; biologic response and vitamin D levels may also
be compared. The choice of the 3-month timeframe for a mat-
ched dataset of bloods and calprotectin allowed a greater number
of episodes to be analyzed, but it may have reduced the correla-
tion between FCP and serum biomarker results. Finally, the main
laboratory processing the FCP had an upper limit of detection at
800 μg/g. Many of the more elevated results were limited by this

restriction. This limitation of the upper limit was removed in the
laboratory in 2020, which will improve the accuracy of future
studies.

Conclusion
Overall, this study shows support for an inverse correlation
between vitamin D levels and FCP levels in IBD patients and in
both the CD and UC subsets. Vitamin D did not meet criteria for
a sensitive and specific biomarker. Vitamin D levels had more
variable correlation with serum biomarkers. There was no signifi-
cant correlation with any of the other biomarkers tested in CD;
however, in UC a statistically significant correlation did exist for
vitamin D level and serum albumin, platelets, and CRP/albumin
ratio. Overall, vitamin D may be a useful addition to existing
biomarkers, particularly in UC.

Prospective evaluation of vitamin D levels with concurrent
blood and FCP in a larger cohort is required to ascertain when
changes in vitamin D occur. Larger prospective studies may con-
fer more robust results. Further studies assessing the incidence of
new vitamin D deficiency in patients with active inflammation
compared to patients in remission and the response to replace-
ment in patients with IBD flares compared to non-inflamed
patients would be of benefit.
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