Medicine

IObservationaI Study

Lower vitamin D levels are associated with the
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Abstract

Vitamin D plays a role in regulating immune homeostasis, inflammation and has an impact on the pathogenesis of inflammaQ
bowel diseases (IBD). IBD has a multifactorial pathogenesis primarily associated with immune dysregulation, dysbiosis, structurally
altered intestinal mucosa, and genetic factors. The immunomodulatory function of this vitamin is linked to its control over innate
and adaptive immunity, facilitated through its nuclear vitamin D receptor, leading to the inhibition of nuclear factor kappa-B.
This study aimed to investigate serum vitamin D levels in patients with IBD compared to healthy individuals and to evaluate the
relationship between vitamin D and inflammatory markers. Cross-sectional study. The study included 106 participants divided
into 2 groups: patients with IBD (92), and healthy controls (14). The diagnosis of IBD was based on clinical, laboratory, fecal,
endoscopic, and histological findings, following the European guidelines for diagnosis and follow-up ECCO-ESGAR guidelines
for diagnostic assessment of IBD from 2019. Serum vitamin D levels were measured along with laboratory tests, imaging, and
endoscopic examinations. IBD activity was evaluated using the Montreal classification and clinical and endoscopic indices. Data
analysis involved calculating the mean, minimum, and maximum values, standard deviation, and Pearson coefficient. The level of
statistical significance for this study was set at P < .05. The study found a prevalence of vitamin D deficiency in 32.6% of patients
with IBD, while 66.3% had insufficiency, as compared with healthy individuals. The mean levels of vitamin D in UC and CD were
16+8.6ng/mL, whereas in the control healthy group, they were 26 +9.73ng/mL. A statistically significant reverse correlation was
observed between lower vitamin D levels and higher levels of the inflammatory markers. The study concluded that IBD patients
exhibit lower levels of vitamin D, which is associated with inflammation and may contribute to the pathogenesis of the disease.

Abbreviations: CD = Chron disease, CRP = C-reactive protein, ESR = erythrocyte sedimental rate, IBD = inflammatory bowel
diseases, IL = interleukin, ILC3 = innate lymphoid cells type 3, TNF-a = tumor necrosis factor-alpha, UC = ulcerative colitis, VDR

= vitamin D receptor.
Keywords: IBD, inflammation, vitamin D

1. Introduction

The pathogenesis of inflammatory bowel disease is complex and
involves a dysfunctional immune reaction to intestinal micro-
flora. Normally, a symbiotic relationship exists between com-
mensal bacteria and the host organism, where resident bacteria
reduce the expression of proinflammatory transcription factors,
thereby blocking NF-kB activation. It maintains physiolog-
ical intestinal immune tolerance by suppressing inflammation
in response to microorganisms and food antigens. In patients
with inflammatory bowel diseases (IBD), immune tolerance
is impaired or lost, leading to an inflammatory response trig-
gered by the intestinal microbiota and intraepithelial innate
lymphoid cells type 3 (ILC3). This results in structural changes
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in the mucosal layer of the intestine and increases pathological
permeability.[!)

The nuclear transcription factor nuclear factor kappa-Bplays
a crucial role in maintaining chronic inflammation,? and its
enhanced activation is strongly correlated with the severity of
intestinal mucosal inflammation. Nuclear factor kappa-B acti-
vation leads to the synthesis of inflammatory molecules such as
tumor necrosis factor-alpha (TNF-a) and various interleukins
(IL) such as IL-1, IL-2, IL-6, IL-12, IL-16, and IL-23, which
are involved in the pathogenesis of Crohn disease and ulcerative
colitis (UC). These interleukins activate antigen-presenting cells
and T-lymphocytes Th-1 and Th-17, which maintain chronic
inflammation in Crohn disease. In contrast, Th-2 lymphocytes
are also involved in UC."* Chronic inflammation leads to struc-
tural changes in the intestinal mucosa, disrupts the gut barrier
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function, and may contribute to bacterial translocation and trig-
ger a systemic inflammatory response. The increased gut perme-
ability observed in IBD is associated with damage to epithelial
junctions and the stimulated synthesis of zonulin, which leads to
changes in the cytoskeleton of cells.b!

Vitamin D plays diverse roles, not only in regulating calci-
um-phosphate metabolism but also in regulating the immune
response, intestinal immunity, and mucosal barrier integrity.®
The biologically active vitamin D3 binds to its nuclear vita-
min D receptor (VDR) found in various tissues, including
bone, skeletal muscle, kidney, skin, parathyroid glands, and
intestine.’? VDR is also expressed in immune cells such as
monocytes, macrophages, dendritic cells, T-lymphocytes, and
B-lymphocytes.®! Through antigen-presenting cells, vitamin D
inhibits the synthesis of inflammatory mediators such as IL-1,
IL-6, IL-8, IL-12, and TNF-qa, all of which are involved in IBD
pathogenesis.”! It also hinders dendritic cell maturation and T-
and B-lymphocyte proliferation, differentiation, and antibody
production. By suppressing the maturation of T-lymphocytes,
vitamin D and its receptors reduce the population of Th-17
lymphocytes involved in the pathogenesis of Crohn. It also pro-
motes the function of regulatory T cells, which participate in
immunosuppression.%

VDR is also expressed on the cell membranes of ILC3, which
plays a key role in the development of Crohn disease and UC.
The activation of this receptor suppresses ILC3 activity and pro-
duction of pro-inflammatory cytokines."”! The integrity of the
gut epithelial barrier is maintained by tight junctions, which con-
tain structural proteins, such as claudins and occludins. Vitamin
D influences the expression of these proteins, thereby regulat-
ing intestinal permeability.!"*! Under the influence of proinflam-
matory molecules such as TNF-a and IL-13, the expression of
claudin-2 increases, leading to stimulated paracellular transport
and higher gut permeability."*! Increased claudin-2 synthesis is
positively correlated with disease activity.['>-*!

A higher prevalence of low serum vitamin D levels (deficiency
or insufficiency) has been found among patients with IBD,
partly due to malabsorption, bile acid malabsorption (choler-
etic diarrhea), reduced appetite, limited sunlight exposure due to
treatment with azathioprine, corticosteroid therapy, and genetic
polymorphisms of VDR.!!¢!7! Clinical observations have shown
that approximately 60% to 64% of patients with Chron dis-
ease (CD) and UC exhibit vitamin D deficiency."'82!l Vitamin
D deficiency is associated with a higher rate of disease relapse,
increased risk of surgery, and slower response to biological med-
ications./?>?3 Genetic polymorphisms of VDR have been identi-
fied in patients with IBD and are associated with lower serum
levels and an elevated risk of complications.

2. Materials and methods

An observational study was conducted to evaluate serum
vitamin D levels in patients with inflammatory bowel disease
compared to those in healthy individuals and their statistical
correlation with laboratory inflammatory markers. This study
included a total of 106 participants. They were divided into 92
patients with Crohn disease and UC and 14 healthy controls.
The diagnosis of IBD was based on clinical, laboratory, fecal,
endoscopic, and histological findings following the European
consensus guidelines for diagnosis and follow-up (ECCO-
ESGAR Guideline for Diagnostic Assessment in IBD 2019).24
All the participants provided informed consent. Demographic
data and comorbidities of the patients were evaluated (Table 1).

Laboratory tests included a full blood count, C-reactive pro-
tein (CRP)-C, erythrocyte sedimental rate (ESR), fecal calpro-
tectin, blood sugar, insulin, and homeostatic model assessment
for insulin resistance. Imaging studies such as abdominal ultra-
sound and ileocolonoscopy were also conducted. Serum vitamin
D levels were measured once a morning on an empty stomach.
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At the time of testing, none of the participants received vitamin
D replacement therapy. Vitamin D levels were classified as fol-
lows: deficiency <12 ng/mL, insufficiency between 12 and 30 ng/
mL and normal serum level >30ng/mL. The severity of Crohn
disease was assessed using the Crohn disease activity index,
and for UC, the Truelove and Witt severity index was used.
The extent of IBD was determined using the 2005 Montreal
classification.

Data analysis involved calculating the statistical mean value,
standard deviation, and Pearson coefficient to evaluate the sta-
tistical significance. The “P value” was considered statistically
significant when P < .05.

3. Results

In the conducted study, a total of 48 patients with Crohn were
included. According to the Montreal classification, approxi-
mately 60% of the patients were between 17 and 40 years of age
(A2). The extent of the disease was 50% ileocolonic (L3), and
the involvement of the colon was 43% (L2), mainly non-struc-
turing/penetrating (B1) disease behavior (Fig. 1). In this study,
none of the patients had CD with upper gastrointestinal involve-
ment or perianal disease. Based on the CD activity index, the
largest percentage of patients was in the moderate-to-severe dis-
ease activity group (44%), and the mean number of collected
points was 249p, followed by severe (33%), mild (14%), and
remission (9%).

This cross-sectional study included 44 individuals with UC.
Disease location and severity were evaluated using the 2005
Montreal classification. Most cases were left-sided colitis (65 %,
E2), pancolitis (25%, E3) and the severity of the disease was
mostly moderate at (65%, S2) shown in (Fig. 2). Based on
Truelove and Witt severity index of UC, we found a higher per-
centage of patients with mild and moderate severity of the dis-
ease (45%), severe activity (30%), and mild (25%).

Demographic characteristics of patients and comorbidities.

Parameter IBD Healthy individuals

Number of participants

Crohn disease 48 -

Ulcerative colitis

Gender Male 46 10

Female 46 4

442+13.9
21-75

Age (x + SD)
min-max
Comorbidities
1. Arterial hypertension
2. Diabetes
3. Coronary artery disease
4. Metabolic syndrome
5. Liver cirrhosis
6. Hepatitis B
Autoimmune disease
1. Hashimoto thyroiditis
2. Ankylosing spondylitis
3. Rheumatoid arthritis
4. Autoimmune hepatitis
5. Primary biliary cholangitis
6. Reynold syndrome
7. Systemic lupus
8. Systemic sclerosis
9. Psoriatic arthritis
10. Antiphospholipid syndrome
11. Vitiligo
12. Sjogren syndrome
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Values are presented as n (%), mean = SD, or min—max.
IBD = inflammatory bowel disease, SD = standard deviation.
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All IBD patients in the study had taken at least once corti-
costeroids at the time of establishing the diagnosis. Individuals
with UC were divided into 2 groups according to their medica-
tion: patients on biological therapy n = 20 and those without
(n = 22). Most patients were taking only 5-aminosalycilic acid
(33%), followed by adalimumab (23%), azathioprine (22%),
infliximab and vedolizumab (10%), and certolizumab pegol
(2%). Patients with CD receiving biological treatment were n =
28 and those without were n = 20. The main therapies in these
groups were adalimumab alone (25%), azathioprine (22%),
S-aminosalycilic acid (18%), vedolizumab (14 %), ustekinumab
(12%), and infliximab (9%). Among all IBD patients, the
urgency to take corticosteroids during the study and by the time
of examining vitamin D levels were 2 individuals with CD and
one with UC due to relapse.

The laboratory results of all individuals are presented in
Table 2. Inflammatory markers, which are associated with disease
activity, are significantly higher in IBD patients than in healthy
controls. Transferrin saturation was expectedly lower in IBD
patients (23+11%) than in healthy participants (35+8%), pos-
sibly because of factors such as malabsorption, reduced appetite,
increased hepcidin synthesis during chronic inflammation, and
bleeding. The serum vitamin D levels in patients with CD and UC
were 16+8.6ng/mL, classifying them as deficient or insufficient
in vitamin D. Healthy individuals had significantly higher values
at 26+9.73ng/mL (Table 2). Among IBD patients, 32.6% had
vitamin D deficiency, 66.3% had insufficiency, and only 1.08%
had normal serum levels. In healthy controls, 35.7% had normal
serum levels, 57.1% had insufficiency, and 7% had deficiency.

Statistical analysis showed a reverse correlation between
serum vitamin D levels and leukocyte counts in patients with
IBD (correlation coefficient of -0.282, P = .006). A similar neg-
ative correlation was observed between vitamin D and CRP-C
values (coefficient -0.288, P value .005).

www.md-journal.com

A negative correlation between vitamin D levels and ESR was
found with a coefficient of —0.260 and P value of .012. A reverse
correlation was found between fecal calprotectin and vitamin
D, with a coefficient of —0.292 and a significance level of 0.005.
The strongest correlations were found between vitamin D level,
leukocyte count, and CRP-C.

4. Discussion

Vitamin D is a steroid hormone with immunomodulatory activ-
ity. Low levels of IBD are commonly observed in patients with
IBD due to malabsorption, reduced food intake, choleretic
diarrhea, limited sunlight exposure while on immunosuppres-
sants and corticosteroids, and single gene polymorphisms of the
VDR. A combination of impaired vitamin D signaling, genetic
predisposition, and environmental factors may contribute to the
development of autoimmunity. Vitamin D deficiency in patients
with CD and UC is associated with a higher frequency of disease
relapse, slower response to biological therapy, and increased
risk of surgical intervention.

In our clinical observations, we found a higher rate of
vitamin D deficiency (32.6%) and insufficiency (66.3%) in
IBD patients. Most patients with CD exhibit moderate-to-se-
vere disease activity and ileocolonic location. Patients with
UC predominantly have mild to moderate severity and left-
sided colitis. At the time of examination only 3 patients
were taking corticosteroids alongside with biologics or
immunosuppressants.

A statistically significant negative relationship was observed
between vitamin D levels and inflammatory markers, includ-
ing the ESR, CRP, fecal calprotectin, leukocytes, and platelets.
Lower vitamin D levels are associated with higher levels of
inflammatory markers. These findings confirm the association
between vitamin D levels and inflammation.

Montreal classification
of CD- age

W B1-Nonstricturing/Nonpenetrating

HAl< 16 yr. (0 %)
HA217-40 yr.
mA3<40yr.

W B2-Stricturing

Montreal classification
of CD - disease behavior

M B3-Penetrating

| p-Perianal disease (0 %)

Montreal classification
of CD - location

B L1-Terminal ileum
= L2-Colon
M L3-lleocolon

L4- Isolated upper disease (0 %)

Figure 1. Percentage distribution of included patients with Crohn disease according to the Montreal classification. Based on age they were 60% between 17
and 40 years old (A2) and 40% were above 40 years old (A3). The disease behavior was 65% nonstructuring/penetrating (B1), 25% stricturing (B2), and 10%
penetrating (B3). The location of the disease was 50% ileocolonic (L3), 43% with colon involvement (L2) and 7% in the terminal ileum (L1). Values are presented
as n (%); CD = Crohn disease; yr = years; age: A1 < 16; A2 17 to 40 yr; A3 < 40 yr; behavior: B1 = nonstricturing/nonpenetrating; B2 = stricturing; B3 = pen-
etrating; p = perianal disease; location: L1 = terminal ileum; L2 = Colon; L3 = ileocolon; L4 = isolated upper disease.
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Montreal classification
of UC- extent of
disease

W E1-Proctitis
M E2-Left-side colitis

m E3-Pancolitis

Montreal classification
of UC- severity

W SO-Remission

m S1-Mild UC
m S2-Moderate UC
m S3-Severe UC

Figure 2. Percentage distribution of individuals with ulcerative colitis according to the Montreal classification who participated in the study. The extent of the
disease was 65% left-sided colitis (E2), 25% pancolitis (E3), and 10% proctitis (E1). Based on the severity of the disease 65% are with moderate (S2), 15%
severe (S3), 10 % were in remission (SO), and 10% had mild (S1) severity. Values are presented as n (%); UC = ulcerative colitis; extent: E1 = proctitis; E2 =
left-side colitis; E3 = pancaolitis; severity: SO = remission; S1 = mild UC; S2 = moderate UC; S3 = severe UC.

Laboratory markers in patients with IBD and healthy individuals.

Parameter Referral range IBD Healthy individuals
WBC 3.5-10.80x 10%/L 8.71+£3.15 72+25
3.6-22.8 4.08-13.8
Hb 120-160g/L 135.6+20.1 145+15
175-70 120-176
Pt 130-36 x 10%/L 331+£1237 249+61
165-840 145-367
Transferrin >20% 23+11 35+8
saturation 2-58 25-54
ESR 0-25mm/h 19.3+£19 9+10
1-80 2-60
CRP 0-6mg/L 18+59 4+27
1-445 0.6-10
Fecal Cut off —250 mg/kg 473+317 64+42.16
calprotectin 21-1000 20-150
Homa-IR <2.5 insulin resistance 26+2.6 1.96+1.76
0.1-12.7 0.5-7.5
Vitamin D Deficiency <12ng/mL 16+8.6 26+9.73
Insufficiency 12—30 nL/mL 5-33 14-53

Normal value >30ng/mL

Values are presented as n (%), mean + SD, or min—max.
CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, Hb = hemoglobin, Homa-IR =
homa index, IBD = inflammatory bowel disease, Pt = platelets, WBC = white blood cell.

The present study had some limitations. First, due to its cross-sec-
tional nature, the collected data are at a single point in time, mak-
ing it challenging to establish causality of lower vitamin D levels.

Second, these types of studies provide information about preva-
lence, which is the proportion of cases in a population, but do not
provide information about incidence. Third, the number of healthy
individuals is limited owing to time and equipment restrictions, as
well as the cost of examinations. However, this study revealed the
potential role of vitamin D in patients with Chron and UC.

5. Conclusion

This study evaluated the tendency of vitamin D deficiency and
insufficiency in patients with IBD and revealed a statistically signif-
icant reverse correlation with higher inflammatory markers. The
assessment of vitamin D status in patients with IBD is firmly rec-
ommended because of the potential risk of relapse, surgical treat-
ment, development of osteoporosis, calcium deficiency, and slower
response to biologics. An increase in vitamin D levels could be
achieved by improvement of diet or increased sun exposure, which
is problematic for people with IBD, or by oral supplementation.
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