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Abstract: Background and Objectives: Irritable Bowel Syndrome (IBS) is a prevalent functional
gastrointestinal disorder with diverse subtypes. Recent evidence suggests a link between vitamin D
deficiency and IBS; however, the association between vitamin D levels, IBS subtypes, and
hematological-biochemical parameters remains unclear. Materials and Methods: This retrospective
study included 240 patients diagnosed with IBS according to the Rome IV criteria at Van Yiiziincii
Y1l University Medical Faculty Hospital. The patients were classified as diarrhea-predominant (IBS-
D), constipation-predominant (IBS-C), or mixed-type (IBS-M). Serum vitamin D levels and various
hematological and biochemical parameters were evaluated at baseline and after vitamin D
supplementation. Sex-related differences were assessed. Results: Baseline vitamin D levels were low
in all IBS subtypes, with no significant differences between the groups. Vitamin D supplementation
resulted in a significant increase in serum vitamin D levels across all subtypes (p=0.001). No
significant correlations were identified between vitamin D levels and hematological or biochemical
parameters. Sex differences in vitamin D levels were only significant in the IBS-M group, both at
baseline and post-treatment (p<0.05). Conclusion: Vitamin D deficiency is prevalent among all IBS
subtypes and significantly improves with supplementation, independent of the subtype. Although
no associations were found between vitamin D levels and laboratory parameters, the observed sex
differences in patients with IBS-M highlight the need for further research into potential sex-related
pathophysiological mechanisms, which underscores the importance of considering vitamin D
assessment and supplementation in IBS management.

Keywords: vitamin D; Irritabl Bowel Syndrome subtypes; gender differences; hematological
parameters; biochemical parameters

1. Introduction

Recent findings have expanded the known health advantages of vitamin D beyond
musculoskeletal well-being, highlighting its potential connection to systemic diseases such as
colorectal cancer and inflammatory bowel disease [1]. Vitamin D serves two crucial roles in the body:
it facilitates the absorption of calcium and phosphate, and controls the secretion of parathyroid
hormone. Research indicates that vitamin D plays a vital role in regulating over 200 genes associated
with the cell cycle, including proliferation, differentiation, and apoptosis (2). It is well established
that the vitamin D receptor is expressed in a majority of tissues, including the gastrointestinal tract,
nervous system, and immune cells [2]. Vitamin D receptors are found in the neurological system and
the gastrointestinal tract, and their activation is linked to neurotransmitter levels, serotonin
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production, the permeability of the gastrointestinal epithelium, and gastrointestinal inflammation [3-
5]. Vitamin D is believed to affect irritable bowel syndrome (IBS) by playing a part in inflammatory
processes, regulating the immune system, and modulating gut microbiota. It might enhance the
mucosal barrier and serve as an antimicrobial agent, which could help alleviate IBS symptoms [6-8].

IBS is a functional disorder of the gastrointestinal system characterized by recurring abdominal
discomfort and changes in digestive habits [9]. The pathogenesis of IBS is multifaceted, involving the
dysregulation of interactions between the brain and gut, along with various risk factors. This
condition is a chronic disorder affecting the gastrointestinal tract, characterized by a cycle of
symptoms that recur and remit and can be potentially disabling [10]. The Rome IV Diagnostic Criteria
for functional bowel disorders currently serves as the "Gold Standard" for the diagnosis of IBS [11].
Although IBS is reported to affect 10%-22% of the adult population [12], epidemiological studies have
demonstrated that its prevalence varies across different regions, countries, and even within the same
country. This variability may be attributed to differences in the survey populations and
methodologies. The prolonged nature of IBS demands significant medical resources, greatly
impacting the quality of life of both patients and their families, and imposing a substantial societal
burden [13,14]. Considering the significant burden of IBS [15], it is essential to deepen our
understanding of its pathological mechanisms to develop effective treatment strategies. Vitamin D
deficiency affects approximately 30%-50% of the global population and is similarly prevalent among
individuals with gastrointestinal disorders [16]. Recent research has indicated that individuals with
IBS have notably lower serum vitamin D levels than healthy individuals. Although vitamin D
deficiency is prevalent among patients with IBS, the association between vitamin D levels and the
severity of gastrointestinal symptoms in these patients remains unclear.

In this study we aimed to investigate the relationship between vitamin D and IBS, also we aimed
to investigate the relationship between IBS subtypes and biochemical parameters such as ferritin
levels, iron levels, calcium levels, magnesium levels, and vitamin B12 levels, and hematological
parameters such as hemoglobin, white blood cell counts, platelet counts, and main corpuscular
volume (MCV) of the patients.

2. Materials and Methods

Patients with IBS who were followed up and treated at the Van Yiiziincii Y1l University Faculty
of Medicine Hospital between January 2020 and December 2024 were retrospectively screened for
this study. The inclusion criteria were as follows: age between 18 and 85 years, not using medications
that affect the metabolism of vitamin D such as seizure drugs or anti-tuberculosis drugs, not pregnant
or lactating, and free of active infections. The exclusion criteria were as follows: age below 18 years,
use of medications that affect vitamin D metabolism, pregnancy and/or breastfeeding, and active
infections. The Rome IV diagnostic criteria were used to diagnose patients with IBS; these included
recurrent abdominal pain on average at least 1day/week in the last 3 months, associated with two or
more of the following criteria: 1-related to defecation, 2) associated with a change in the frequency of
stool, and 3) associated with a change in the form (appearance) of stool. These criteria should be
fulfilled in the last 3 months, with symptom onset at least 6 months before diagnosis. IBS patients
were categorized into three subtypes: 1- constipation-predominant (IBS-C), 2- diarrhea-predominant
(IBS-D) and 3- mixed-type (IBS-M) [11].

2.1. Ethical Approval

Ethical approval was obtained from the Ethics Committee of the Van Yiiziincii Yil University
Medical Faculty (decision date: 04.02.2025).; No. 2025/01-35). This study was conducted in accordance
with the guidelines of the Declaration of Helsinki (revised in 2013). The requirement for informed
consent was waived owing to the retrospective design of the study.
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2.2. Statistical Analysis

Statistical analyses were performed using Analyze-it for Microsoft Excel (Analyze-it Software,
Ltd., Leeds, UK). Quantitative variables are presented as mean standard deviation or median and
percentiles (25-75%) depending on whether they showed a normal distribution. Data were tested for
normality using the Shapiro-Wilk test. Chi-square suare test was used to examine the relationships
between categorical data. Group comparisons were performed using a one-way ANOVA test for
continuous data with a normal distribution. Group comparisons were performed using the Kruskal-
Wallis test for continuous data without a normal distribution. A paired t-test was used to compare
the differences between repeated measurements. Statistical significance was set than 0.05.

3. Results

A total of 750 IBS patients were screened retrospectively from their medical records. After
applying the exclusion criteria, 240 patients were included in the study. The participant inclusion
process is illustrated in Figure 1.

I Assessed for eligibility (n=750)

Excluded (n=510)

e Using medications that affect the metabolism of
vitamin D (n=60)
e Pregnancy (n=40)

e Having missing data about vitamin D before

enrollment and/or after vitamin D replacement

l Randomized (n=240)

v

[ Allocation&Analysis ]
v

IBS-C Group (n=108) IBS-D Group (n=53) IBS-M Group (n=79)

Figure 1. Flow chart of the included patients.

The median age was 44 (35-57) years in the IBS-D group, 46 (37-60) years in the IBS-C group, and
44 (30-61) years in the IBS-M group. Of all the patients, 47.5 % were female. According to the Rome
IV criteria, of 240 patients with IBS, 22% had IBS-D, 45% had IBS-C, and 33% had IBS-M. The other
demographic and biochemical characteristics are summarized in Table 1. In the comparison
according to IBS subtypes, no significant difference was found between the groups in terms of sex
distribution. Similarly, no statistically significant differences were observed between the groups in
terms of hematological and biochemical parameters, such as age, hemoglobin level, white blood cell
count, MCV, platelet count, and vitamin B12 level. When calcium, magnesium, iron, and ferritin
levels were examined, no significant differences were found between the IBS subtypes. When vitamin
D levels were evaluated both at the time of application and two months later, it was determined that
these parameters did not show a significant difference between the groups. The findings showed no
significant difference in basic biochemical parameters between the subtypes of IBS (Table 1).

Table 1. The descriptive data and comparison of the biochemical variables between irritabl bowel syndrome

subgroups.
IBS-C Group IBS-M Group
P IBS-D = P val
arameter S-D Group (N=53) (N=108) (N=79) value
Gender
Female 40 74 45 0.488
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Male 13 34 34
Age 44 (35-57) 46 (37-60) 44 (30-61) 0.598
Hemoglobin (g/dL) 14.2 (13.1-15.9) 14.4 (13.4-15.8) 14.4 (13.2-15.7) 0.728
White blood cell (x103) 8.0 (6.59-8.89) 7.3 (6.2-8.7) 7.3 (6.0-9.3) 0.114

Main corpuscular

volume (fL) 84.8 (81.6-88.0) 84.9 (83.1-89.8) 85.9(83.1-88.0)  0.357

Platelet (x10%) 294 (235-336) 274 (235-316) 280 (237-327) 0.579
Vitamin B12 (pg/mL) 277 (234-378) 315 (241-389) 280 (237-327) 0.163
Calcium (mg/dL) 9.53 (9.21-8.91) 9.56 (9.21-9.80) 9.60 (9.20-9.90)  0.498
Magnesium (mg/dL) 196 (1.84-2.11) 1.95 (1.85-2.11) 1.93 (1.80-2.08) 0.609
Iron (pg/dL) 74.1 (51.6-94.1) 78.3 (58.3-103) 76.0 (52.0-96.6) 0.659
Ferritin (ng/mL) 48.5 (18.8-85.3) 50.6 (18.8-98.2) 553 (23.0-121.8)  0.082

Vitamin D level at

admission (ng/ml) 12.0 (10.0-20.0) 13.0 (9.01-22.0) 11.0 (8.00-40) 0.193

Vitamin D level after 2
months (ng/ml)

* IBS-D: diarrhea-predominant IBS, IBS-C: constipation-predominant IBS, IBS-M: mixt-type IBS.

33.0 (26.0-36.0) 32.0 (20.0-40.0) 28.0 (18.0-40.0) 0.652

The impact of treatment on serum vitamin D levels was assessed using both individual and
summary visualizations. As shown in Figure 2A, most patient trajectories showed an upward trend,
suggesting an overall increase in vitamin D levels after the intervention. This trend was reinforced
by the box-and-whisker plot in Figure 2B, which displays a clear upward shift in the distribution of
vitamin D concentrations. Specifically, the median serum vitamin D level increased from 12.0 ng/mL
(25-75 % percentile: 8.42 to 20.0) before treatment to 32.0 ng/mL (25-75 % percentile: 20.0 to 39.0) after
treatment. This change was statistically significant (p = 0.001), supporting a meaningful improvement
in the vitamin D status among the study participants.

Vitamin D (ng/mL)

After Treatment Before Treatment Before Treatment After Treatment

Figure 2. Distribution of vitamin D levels in patients before and after vitamin D replacement therapy.

Together, these findings illustrate a consistent and significant elevation in vitamin D levels after
treatment in IBS patients. When stratified by IBS subtype, all patient groups exhibited a significant
increase in serum vitamin D levels after treatment. Among patients with IBS-D, the median vitamin
D level rose from 12.0 ng/mL (interquartile range: 10-20) to 33.0 ng/mL (25-36), with a statistically
significant difference (p = 0.001). Similarly, patients with IBS-C showed an increase from 13.0 ng/mL
(9-22 ng/mL) before treatment to 32.0 ng/mL (2040 ng/mL) after treatment (p = 0.001). In the IBS-M
group, vitamin D levels improved from a median of 11.0 ng/mL (8-18) to 28.0 ng/mL (18—40), also
reaching statistical significance (p = 0.001) (Table 2).
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Table 2. Comparison of serum vitamin D levels before and after treatment in IBS subgroups.

IBS-D Group (N=53)

Before Treatment After Treatment P value
Vitamin D (ng/mL) 12 (10-20) 33 (25-36) 0.001
IBS-C Group (N=108)
Vitamin D (ng/mL) 13 (9-22) 32 (20-40) 0.001
IBS-M Group (N=79)
Vitamin D (ng/mL) 11 (8-18) 28 (18-40) 0.001

*IBS-D: diarrhea-predominant IBS, IBS-C: constipation-predominant IBS, IBS-M: mixt-type IBS.

A correlation analysis was performed to explore the potential associations between baseline

serum vitamin D levels and various hematological and biochemical parameters. As shown in Figure

3, no statistically significant correlation was observed between vitamin D levels and age, hemoglobin,

white blood cell count, platelet count, MCV, or common micronutrients, such as calcium, magnesium,

iron, or ferritin (all p>0.05). Correlation coefficients were generally weak and did not indicate any

meaningful linear associations.

Supplementary Table 1
Significant Correlations (p < 0.05)
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Vitamin D and Laboratory Parameters
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Figure 3. Correlation analysis of vitamin D levels with age and haematological and biochemical parameters.

When stratified by both sex and IBS subtype, there was no statistically significant difference in
serum vitamin D levels between female and male patients in the IBS-D and IBS-C groups either before

or after treatment. However, in the IBS-M group, vitamin D levels differed significantly between

sexes at both time points (Table 3).

Table 3. Comparison of serum vitamin D levels between female and male patients in different IBS subtypes

before and after treatment.

IBS-D Group (N=53) P value
Female Male
Before treatment Vitamin D (ng/mL) 15 (10.2-20) 11 (7.51-16.5) 0.291
After treatment Vitamin D (ng/mL) 33 (21.2-33.7) 34 (26.5-39.5) 0.223
IBS-C Group (N=108)
Before treatment Vitamin D (ng/mL) 12 (8.75-20) 16 (11-23.5) 0.150
After treatment Vitamin D (ng/mL) 32 (19-40) 32.5 (20-40.5) 0.372
IBS-M Group (N=79)
Before treatment Vitamin D (ng/mL) 10 (7-13.5) 13.5 (8-22.5) 0.025
After treatment Vitamin D (ng/mL) 26 (16-39) 34 (18.7-40.5) 0.03

*IBS-D: diarrhea-predominant IBS, IBS-C: constipation-predominant IBS, IBS-M: mixt-type IBS.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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4. Discussion

In this study, we evaluated the relationship between IBS subtypes and vitamin D level. Our
findings showed no significant difference in vitamin D levels between the different IBS phenotypes
at baseline or after treatment. However, vitamin D replacement therapy resulted in a statistically
significant increase in serum levels in all IBS groups. Additionally, vitamin D levels were not
significantly correlated with haematological and biochemical parameters such as age, hemoglobin,
white blood cells, platelets, MCV, vitamin B12, calcium, magnesium, iron, and ferritin.

The impact of vitamin D deficiency on gastrointestinal function has been a subject of much
debate. It has been suggested that vitamin D may play a role in the pathophysiology of IBS by
regulating the immune system, controlling inflammation, and modulating gut microbiota [17]. Ali et
al studied the correlation between vitamin D deficiency and IBS in 90 patients (45 healthy individuals
vs 45 IBS patients). They found that vitamin D deficiency was higher in the IBS group (76.6% vs.
46.7%) (6). Similarly, in a study conducted by Husseiny et al., 56.06% of patients with IBS had vitamin
D deficiency, while 39.65% had insufficient vitamin D levels [18]. A comparative case-control study
revealed a notable correlation between vitamin D deficiency and IBS, showing that 82% of IBS
patients have vitamin D deficiency compared with only 32% of healthy individuals [19]. In our study,
vitamin D levels were found to be low at baseline in all IBS subtypes (diarrhea-predominant,
constipation-predominant, and mixed-type), and increased significantly following replacement
therapy. This increase was statistically significant in all the subgroups (p=0.001). The observation of
similar improvement in all IBS subtypes following vitamin D replacement therapy suggests that this
effect is realized via a general mechanism that is independent of the IBS subtype. Although numerous
studies have reported positive correlations, some have not identified a notable difference in vitamin
D levels between individuals with IBS and healthy individuals. For example, a study conducted by
Matthews et al. reported no significant association between plasma vitamin D concentration and IBS
symptoms in women. This study showed that in the IBS group, 40.3% were vitamin D-deficient and
33.9% were insufficient. The rates were similar in the healthy control group, with 41.4% deficient and
34.3% insufficient. This indicates no significant difference in vitamin D deficiency or insufficiency
between the two groups [20]. Although there is much evidence suggesting a link between vitamin D
deficiency and IBS, the exact nature of this relationship is not fully understood.

Typically, women have lower levels of vitamin D than men, which is attributed to a mix of
biological, lifestyle, and environmental influences. Variations in body composition, hormonal
differences, and cultural customs that influence sun exposure and eating patterns contribute to these
distinctions [21,22]. A potential reason for the variation in outcomes across different experiments
could be cultural differences in the lifestyles of men and women globally. A study of individuals aged
5-101 years who lived in urban areas of China found that women had lower levels of vitamin D.
Based on these findings, the individuals with the highest risk of low levels, including significant
deficiencies in plasma vitamin D, were females younger than 20 years and those older than 80 years
[23]. Comparable results were found by researchers studying Brazilian children and adolescents aged
between 12 and 17 years. Furthermore, 25(OH)D deficiency (defined as <20 ng/ml) was much more
prevalent among girls and obese men [24]. Zhu et al. found that the rates of both body mass index
and visceral obesity were significantly related to low serum 25 (OH) D concentrations in men [25].
The molecular mechanisms underlying the differences in serum 25 (OH) D concentrations between
men and women remain unclear. Recent observations have shown that the use of estrogen-containing
contraceptives leads to an increase in 25(OH)D levels [26]. Moreover, women exhibit a higher
concentration of vitamin D-binding protein (DBP), which is associated with the estrogen-dependent
production of DBP [27]. Certainly, sex hormones play a crucial role in influencing the gene expression
levels related to vitamin D. However, this may not be the sole factor, as the findings from various
studies show inconsistencies, suggesting that both males and females exhibit lower average levels of
vitamin D, depending on the particular research. Therefore, alternative mechanisms may account for
these differences. In our study, we observed that women generally had lower vitamin D levels both
before and after treatment than men, although this difference was statistically significant only in the
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IBS-M group. The fact that this difference was only observed in IBS-M suggests that different
subtypes may be associated with different pathophysiological mechanisms. There are few studies on
this subject in the literature, so studies with larger samples addressing the interaction between sex
and subtype are needed. However, vitamin D levels increased in both men and women with all IBS
subtypes after the replacement therapy. This suggests that vitamin D deficiency is widespread among
IBS patients, and that supplementation can effectively address this deficiency.

Various subtypes of IBS are reported to be the most common worldwide. The most common
subtype was IBS-D, with a rate of 73.4% in the study by Elhosseiny et al. [28]. Similarly, Dorn et al.
found that the most common IBS subtype was IBS-D (46%), followed by IBS-C (32%) and IBS-M (32%)
[29]. Of the patients included in our study, 45% had IBS-C, which is the most common subtype of IBS.
The reason for this difference may be the female predominance in the patients included in our study,
because women are generally more affected by IBS, particularly IBS-C, while men are more likely to
have IBS-D and IBS-M [30]. Our findings demonstrate that females had a higher propensity to
experience IBS symptoms than males, specifically for constipation. However, this difference was not
statistically significant. The lack of a statistically significant difference may be due to bias resulting
from the retrospective design of the study. The higher prevalence of constipation-dominant IBS in
women may be due to variations in intestinal motor and sensory functions, hormones, and microbiota
between the sexes, associated with gut-brain interactions [31,32]. It is widely accepted that estrogen
and progesterone play a role in reducing smooth muscle contractions, thereby affecting peristalsis
and potentially leading to constipation [31]. Moreover, the influence of sex hormones on bacterial
growth, expression, and metabolism can account for the observed differences between sexes [31].

Our study revealed no statistically significant differences in sex distribution; hematological
parameters such as hemoglobin levels; white blood cell counts; mean corpuscular volume; platelet
count; or biochemical markers such as levels of essential micronutrients including calcium,
magnesium, iron, and ferritin among IBS subtypes. Ergeng et al. found significant relationships
between vitamin D levels and several hematological parameters, including platelet count, monocyte
count, MCV, neutrophil count, and calcium and vitamin B12 levels. Platelet and monocyte counts
were significantly higher in the group with low vitamin D levels (<20ng/ml). However, the neutrophil
count, MCV, calcium, and B12 levels were significantly lower in this group [33]. Mobarki et al
investigated the prevalence of vitamin D deficiency among young adults and its correlation with
various hematological and biochemical parameters. This study found no significant differences in
hematological parameters (white blood cells, platelets, and red blood cells) among participants based
on their vitamin D status [34].

In summary, this study revealed that vitamin D deficiency is common among patients with IBS,
vitamin D replacement therapy is effective for all IBS subtypes, and that significant differences exist
according to sex, particularly among patients with IBS-M. These findings are noteworthy for both
clinical practice and future research.

Our study have some limitations. The retrospective design, selected patient population, and fact
that the data were from a single center limits the generalizability of the study. In addition, failure to
evaluate biomarkers potentially associated with vitamin D, such as inflammatory markers and
microbiota analysis, is another limitation of our study. Finally, the symptom scores and quality of life
measures were not assessed after vitamin D replacement. Therefore, the clinical implications of these
biochemical improvements should be evaluated in future, prospective studies.

5. Conclusions

In conclusion, this study revealed that vitamin D replacement therapy significantly increased
vitamin D levels in patients with IBS, but the relationship between vitamin D levels and
haematological and biochemical parameters was weak. Such insights warrant further research to
explore the underlying mechanisms by which vitamin D may influence IBS pathophysiology and
evaluate the clinical implications of vitamin D supplementation in this patient population.
Additionally, recognizing the potential variance in treatment responses across subgroups
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emphasizes the need for personalized approaches to IBS management. The identification of gender
differences within the IBS-M group may introduce a new topic for discussion in the literature,
warranting consideration for future research.
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