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intake and inflammatory bowel disease risk:
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Abstract

Background Micronutrient deficiency is commonly observed in patients with inflammatory bowel disease (IBD), yet
the role of certain dietary trace elements in the risk of IBD development remains unclear.

Objectives This study aimed to investigate the relationship between vitamin C, D, and K intake and IBD risk.

Methods This study included 3,591 participants from the 2009-2010 National Health and Nutrition Examination
Survey (NHANES). Multivariable logistic regression were conducted to assess associations between vitamin C, D,
and Kintake and IBD risk while controlling for multiple confounders. Subgroup analyses were employed to test the
robustness of the associations across participants with various characteristics. Additionally, restricted cubic spline
(RCS) analysis was conducted to investigate potential nonlinear relationships.

Results In the fully adjusted model, each 1 mcg increase in vitamin D intake was linked to an approximately 51%
decrease in IBD risk (adjusted OR=0.49, 95% Cl: 0.25-0.98, p=0.045). The benefit appeared stronger in women,
individuals without hypertension, and non-smokers. No statistically significant associations were found between
vitamin C or vitamin K intake and IBD risk. However, among individuals without diabetes, each 1 mcg increase in
vitamin K intake was associated with an approximate 67% reduction in IBD risk (adjusted OR=0.33, 95% Cl: 0.12-0.94,
p=0.039). RCS analysis suggested a linear relationship between dietary micronutrient intake and IBD risk (vitamin D:
p for nonlinearity=0.127, p for overall=0.015; vitamin C: p for nonlinearity =0.984, p for overall=0.937; vitamin K: p for
nonlinearity=0.736, p for overall=0.434).

Conclusion Increased vitamin D intake may reduce the risk of IBD, with more pronounced benefits in certain
subgroups, highlighting the potential of vitamin D supplementation as a novel therapeutic approach for IBD
prevention and management. Future well-designed studies should further test the therapeutic effects of vitamin
D supplementation and investigate the associations of other dietary trace elements with IBD risk to better inform
prevention and treatment approaches.
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Introduction

Inflammatory bowel disease (IBD), including Crohn’s
disease and ulcerative colitis, is a chronic inflammatory
disorder of the gastrointestinal tract affecting 4.9 million
people worldwide [1]. The past few decades have seen
a rising global burden of IBD, characterized by sharp
increases in incidence, prevalence, mortality, and disabil-
ity-adjusted life-years (DALYs) in both developed and
developing countries [2]. China and the United States
(US) have the largest number of prevalent cases, mor-
tality, and DALYs of IBD in the world, with substantial
healthcare and societal burdens [1]. Identifying modifi-
able causes and risk factors of IBD is crucial in guiding
further prevention and intervention programs to reduce
the disease burden.

Research highlights that diet, lifestyle, environmen-
tal exposures, genetic predisposition, and gut micro-
biota significantly influence IBD development [2]. In
recent years, dietary trace elements, such as vitamins
C, D, and K, have garnered increasing research interest
due to the commonly observed nutritional deficiency in
IBD patients [3, 4]. These vitamins are considered to be
beneficial to health due to their antioxidant, immune-
regulatory, and anti-inflammatory effects, and their
deficiency may be related to various inflammatory dis-
eases, including IBD [3, 5]. For instance, vitamin D is a
well-established immune modulator involved in immune
cell differentiation, T-cell antigen receptor signaling, gut
microbiota modulation, gene transcription, and barrier
integrity [6]. Both animal models and epidemiological
studies have consistently shown a significant association
between low vitamin D levels and increased IBD [6, 7].
These findings suggest that vitamin D may be a contrib-
uting factor to IBD development, and vitamin D sup-
plementation may be a cost-effective approach for IBD
treatment [7, 8].

While vitamin D’s role in IBD development is well-
established, the clinical relevance of vitamins C and K
remains less clear. Vitamin C is an antioxidant that can
prevent free radical damage and reduce extracellular oxi-
dants, which is vital for collagen synthesis and immune
defense [9]. Vitamin C deficiency is more commonly
observed in IBD patients than in the general population,
mainly due to inadequate consumption and malabsorp-
tion of vitamin C in these patients [10, 11]. However,
the association between vitamin C and IBD risk remains
inconclusive, with some studies showing that a decreased
level of vitamin C was associated with an increased risk
of IBD [12-14], while others showed a non-significant
association between them [15-17]. Therefore, more evi-
dence is needed to confirm the role of vitamin C in IBD
development.

The role of Vitamin K in IBD development has been
studied even less. Vitamin K is a fat-soluble vitamin
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involved with multiple body functions, including blood
coagulation, bone metabolism, and modulation of inflam-
matory responses [18]. Apart from its anti-hemorrhagic
role, emerging evidence has shown that VitK can affect
intestinal flora and gut permeability, which are essential
in the development of IBD [19]. In addition, VitK exerts
antioxidant, anti-inflammatory, and anti-atherosclerotic
functions through the carboxylation of Gla-rich proteins
[20]. Matrix Gla protein (MGP), a vitamin K-dependent
protein, has demonstrated immunoregulatory properties
by suppressing cell proliferation and cytokine production
in T cells, which alleviated the clinical and histopatholog-
ical severity of IBD in mouse models [20, 21]. However,
more epidemiological and clinical studies are needed to
explore the role of vitamin K in IBD development further.

To address the research gaps, we investigated the rela-
tionship between vitamin C, D, and K intake and IBD
risk in American adults aged 20-60 using data from
the National Health and Nutrition Examination Sur-
vey (NHANES). Additionally, we analyzed the influence
of age, gender, physical activity, and chronic disease on
these associations to test the robustness of such asso-
ciations. Clarifying the impact of these vitamins on IBD
development can guide dietary adjustments, serving as
potential preventive or therapeutic strategies for IBD
management.

Materials and methods

Study population

The NHANES, conducted by the National Center for
Health Statistics (NCHS), assesses the health and nutri-
tional status of non-institutionalized adults and children
across the United States. This study analyzed data from
the 2009-2010 NHANES cycle, including 10,537 partici-
pants. Applying strict exclusion criteria, 6,946 individuals
were removed from the sample, resulting in a final sample
of 3,591 participants. We excluded individuals who (1)
were over 60 years old (n=731), (2) lacked information
on IBD status (n=5,441), (3) lacked data on vitamin C, D,
or K intake (1 =339), (4) lacked data on covariates includ-
ing family income to poverty ratio (PIR), body mass index
(BMI), alcohol consumption, diabetes, hypertension, and
cardiovascular disease (CVD) (n=435) (Fig. 1).

Measurements

Vitamins C, D, and K intake

Data on dietary intake of vitamins C, D, and K were
collected through NHANES Day 1 and Day 2 dietary
interviews. Each participant’s total dietary intake was
recorded over two non-consecutive 24-hour periods: the
first interview was conducted during the Medical Execu-
tive Committee (MEC) visit and the second via tele-
phone a few days later. Both interviews were performed
by trained dietitians using the Automated Multiple-Pass
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Participants from NHANES 2009-2010 (n=10537)

Participants aged 60 years or older were excluded (n=731)

Participants with missing information on inflammatory bowel
disease were excluded (n=5441)

Exclude participants who lack information on
vitamanC,vitaminD,and vitamin K (n=339)

l

Participants with missing data on
PIR,BMI,diabetes,hypertension,alcohol consumption and
CVD were excluded (n=435)

Final included Participants (n=3591)

Fig. 1 Flow chart of participant selection in this study, NHANES 2009-2010
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Method (AMPM) to ensure accurate reporting of all food
and drink consumption. After collecting details about the
portion sizes and preparation methods of food and drinks
from two 24-hour dietary recalls, we further matched the
food and drinks to entries in the USDA National Nutri-
ent Database to determine their vitamin contents. We
also collected participants’ dietary supplement usage,
including types and frequency of vitamin consumption,
over the past month through additional questionnaires to
calculate overall vitamin intake. Finally, we used statisti-
cal models to estimate “usual” vitamin intake, accounting
for recall variability and sampling design.

IBD

In the 2009-2010 NHANES cycle, IBD status was
assessed through the “arthritis” questionnaire, which
identified participants with Crohn’s disease (CD) or
ulcerative colitis (UC). Participants who answered “yes”
to the question, “Have you ever been told you had Ulcer-
ative Colitis or Crohn’s disease?” were classified as having
IBD.

PA(MET — min /week) =
MET x Duration x Weekly frequency Covariates

Sociodemographic characteristics, lifestyle factors, and
other chronic diseases were included as study covariates.
These variables encompassed age, sex, race/ethnicity
(categorized as Mexican American, Hispanic, Non-His-
panic White, Non-Hispanic Black, and Other Race),
education level (<9th grade, 9-11th grade, high school
diploma/general educational development [GED], some
college/Associate of Arts [AA] degree, and >college
graduate), PIR, BMI, smoking, alcohol use, physical activ-
ity (PA), hypertension, diabetes, and CVD.

PIR was calculated by dividing family income by pov-
erty guidelines specific to the survey year, which was fur-
ther categorized into low (PIR<1), middle (1<PIR<4),
and high (PIR>4) household income [22]. BMI was
calculated as weight in kilograms divided by height in
meters squared (kg/m?). According to smoking status,
participants were classified into non-smokers (never
smoked or quit over one year ago) and current smokers
(recent or resumed smoking). According to alcohol use
status, participants were categorized as non-drinkers
(fewer than 12 drinks of alcohol during their lifetime) and
current drinkers (at least 12 drinks of alcohol per year or
six drinks in the past 12 months).

Physical activity (PA) was evaluated based on par-
ticipants’ self-reported data using the Global Physical
Activity Questionnaire. Metabolic Equivalent (MET), a
measure of relative energy expenditure across activities,
was calculated from MET values, frequency of exercise
per week, and duration. Participants were categorized
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as inactive if their PA was <600 MET-min/week and as
active if their PA was >600 MET-min/week. The calcula-
tion formula of PA is as follows:

PA(MET — min/week) =
MET x Duration x Weekly frequency

Hypertension was defined as either a history of high
blood pressure or current use of prescribed antihyperten-
sive medications. Diabetes was determined by a doctor’s
diagnosis, two-hour glucose (OGTT)>11.1 mmol/L, or
fasting glucose>7.0 mmol/L. At the same time, predia-
betes was defined by a prior diagnosis, two-hour glucose
(OGTT) between 7.8 and 11.1 mmol/L, or fasting glu-
cose between 6.1 and 6.9 mmol/L. CVD was determined
by one self-reported question in the Medical Conditions
Questionnaire. Participants who answered “yes” to the
question, “Have you ever been told you had congestive
heart failure, coronary heart disease, angina, heart attack,
or stroke?” were classified as having CVD.

Statistical analyses

All statistical analyses adhered to NHANES guidelines.
Final weights were assigned according to NHANES data
analysis recommendations for the 2009-2010 cycle, with
each weighted sample representing approximately 40,580
Americans. Continuous variables were summarized as
means with standard deviations (SD), and categorical
variables as counts with weighted percentages. Group
differences were assessed using chi-square tests for cat-
egorical variables and Student’s t-tests for continuous
variables.

Multivariable logistic regression was used to examine
associations between vitamin intake and IBD, adjust-
ing for potential confounders. Model 1 involved unad-
justed univariate analysis; Model 2 adjusted for age, sex,
race/ethnicity, education, PIR, and BMI; Model 3 fur-
ther adjusted for alcohol use and smoking, hyperten-
sion, and diabetes; and Model 4 additionally adjusted for
CVD and PA. Restricted cubic spline (RCS) analysis was
conducted to evaluate nonlinear relationships between
vitamin intake and IBD risk. Subgroup and interaction
analyses were conducted across participants with various
characteristics. Missing data were handled using mul-
tiple imputations, preserving sample size and reducing
potential bias. Data were processed and analyzed using
IBM SPSS Statistics (version 24.0) and R software (ver-
sion 4.3.0), with statistical significance set at a two-sided
p-value<0.05.

Results

Characteristics of participants by IBD status

This study included 3,591 participants from the
NHANES 2009-2010 cycle, with a mean age of 39.90
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years (SD=11.83). Among these, 1,824 were female
(50.79%) and 1,767 were male (49.21%). Thirty-six par-
ticipants were diagnosed with IBD, with an average age
of 45.72 years (SD=11.95). Table 1 shows the compari-
son of baseline characteristics between participants with
and without IBD. Compared to healthy participants,
those with IBD tended to be older (mean age 45.72 vs.
39.84, p=0.003) and were more likely to have hyperten-
sion (52.78% vs. 47.22%, p<0.001). No statistically sig-
nificant differences in dietary intake of vitamin C (mean
161.64 vs. 161.45, p=0.994), vitamin D (mean 8.11 vs.
9.40, p=0.353), or vitamin K (mean 179.78 vs. 176.17,
p=0.920) were observed between participants with and
without IBD. Intake distributions for all three micronu-
trients were tested for normality; as vitamin C, D, and K
intakes were skewed, logarithmic transformations were
applied to normalize these distributions (Fig. 2).

Relationship between vitamin intake and IBD risk

Table 2; Fig. 3 present associations between each vitamin
intake and IBD risk. In the unadjusted model, vitamin D
intake was inversely associated with IBD risk (OR=0.51,
95% CI: 0.26-0.97, p=0.040), vitamin C intake showed
a non-significant positive association (OR=1.25, 95%
CIL: 0.61-2.57, p=0.534), and vitamin K intake showed a
non-significant inverse association (OR=0.57, 95% CI:
0.25-1.30, p=0.184). After adjusting for confounders in
Model 4, the inverse association for vitamin D intake and
IBD risk remained significant (adjusted OR=0.49, 95%
CI: 0.25-0.98, p=0.045). Notably, each 1 mcg increase
in vitamin D intake was associated with a 51% reduction
in IBD risk. After adjustments, neither vitamin C intake
(adjusted OR=1.25, 95% CI: 0.57-2.75, p=0.579) nor
vitamin K intake (adjusted OR=0.53, 95% CI: 0.21-1.34,
p=0.182) showed statistically significant associations
with IBD risk. Participants were categorized into quar-
tiles by vitamin intake levels, and adjusted comparisons
across quartiles showed no statistically significant associ-
ation with IBD risk for any of the nutrients (Fig. 4). Trend
tests across quartiles for each micronutrient also yielded
no statistically significant results (p >0.05).

Subgroup analysis of the relationship between vitamin
intake and IBD risk

Subgroup analysis examined whether associations
between vitamin intake and IBD risk varied across par-
ticipants with various characteristics. An inverse associa-
tion between vitamin D intake and IBD risk was observed
among female participants (adjusted OR=0.39, 95%
CI: 0.17-0.92, p=0.032), non-hypertensive individu-
als (adjusted OR=0.33, 95% CI: 0.13-0.81, p=0.016),
and non-smokers (adjusted OR=0.44, 95% CI: 0.19—
0.99, p=0.032). An inverse association between vita-
min K intake and IBD risk was observed in individuals
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without diabetes (adjusted OR=0.33, 95% CI: 0.12—0.94,
»=0.039). Vitamin C intake was not significantly asso-
ciated with IBD risk in any subgroup. Interaction tests
showed significant interactions between diabetes status
and both vitamin C (p for interaction=0.009) and vita-
min K (p for interaction<0.001) in relation to IBD risk
(Fig. 5).

Linear and nonlinear relationships between vitamin intake
and IBD risk

RCS analysis illustrated the relationship between vitamin
intake and IBD risk. Figure 6 presents the RCS analy-
sis results for each vitamin. In the unadjusted model, a
linear relationship was found between each vitamin
and IBD risk (vitamin D: p for nonlinear=0.186, p for
overall =0.019; vitamin C: p for nonlinear=0.931, p for
overall =0.919; vitamin K: p for nonlinear=0.846, p for
overall =0.518). After adjusting for confounders, the lin-
ear relationships remained consistent (vitamin D: p for
nonlinear=0.127, p for overall=0.015; vitamin C: p for
nonlinear=0.948, p for overall=0.937; vitamin K: p for
nonlinear =0.736, p for overall = 0.434).

Discussion

This study examined the relationship between dietary
intake of vitamins C, D, and K and the risk of IBD in U.S.
adults aged 20-60. A notable finding was the inverse
association between vitamin D intake and IBD risk, with
each 1 mcg increase in vitamin D intake linked to a 51%
reduction in IBD risk, even after adjusting for confound-
ers. In contrast, vitamins C and K showed no statisti-
cally significant associations with IBD risk. Subgroup
analyses revealed that the protective effect of vitamin D
intake on IBD risk was particularly pronounced among
women, non-smokers, and individuals without hyper-
tension. Additionally, vitamin K intake was significantly
associated with a reduced IBD risk among those without
diabetes.

Our findings were consistent with previous research,
which supports the protective role of vitamin D in mod-
ulating immune function and reducing inflammatory
responses. Studies have shown that higher serum vitamin
D levels are associated with a lower risk of IBD [23]. This
protective relationship may be attributed to vitamin D’s
role in maintaining the integrity of the intestinal epithe-
lial barrier and dampening inflammation [24, 25]. Vita-
min D has been shown to support the intestinal mucosa
by modulating the expression of tight junction proteins,
such as claudin-4, claudin-7, and claudin-2, within intes-
tinal epithelial cells [26]. Additionally, vitamin D may
improve gut health and reduce IBD risk by positively
influencing gut microbiota composition [6]. In a cross-
sectional study of 567 elderly male participants, random
forest analysis indicated that higher vitamin D and its
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Table 1 Characteristics of NHANES (2009-2010) participants aged 20 to 60 years with IBD (N=3591)

Variables Total (n=3591) No IBD (n=3555) IBD (n=36) P
Age(year)?, Mean +SD 3990+ 11.83 39.84+11.81 4572+11.95 0.003
Sex?, n(%) 0.056
Female 1824 (50.79) 1800 (50.63) 24 (66.67)
Male 1767 (49.21) 1755 (49.37) 12 (33.33)
Race/ethnicityb, n(%) 0.544
Mexican American 717 (19.97) 708 (19.92) 9 (25.00)
Other Hispanic 393 (10.94) 389 (10.94) 4(11.11)
Non-Hispanic White 1624 (45.22) 1606 (45.18) 18 (50.00)
Non-Hispanic Black 653 (18.18) 648 (18.23) 5(13.89)
Other Race 204 (5.68) 204 (5.74) 0 (0.00)
Education®, n(%) 0.044
<9th grade 347 (9.66) 342 (9.62) 5(13.89)
9-11th grade 568 (15.82) 559 (15.72) 9 (25.00)
High school diploma/GED 847 (23.59) 844 (23.74) 3(8.33)
Some College/AA degree 1061 (29.55) 1046 (29.42) 15 (41.67)
>College graduate 768 (21.39) 764 (21.49) 4(11.11)
Family income to poverty ratio?, Mean+SD 242+158 242+158 225+1.50 0515
BMI?, Mean+SD 29214712 29224712 28.78+6.29 0.714
Hypertension®, n(%) <0001
No 2767 (77.05) 2750 (77.36) 17 (47.22)
Yes 824 (22.95) 805 (22.64) 19 (52.78)
Diabetes®, n(%) 0822
No 2822 (78.59) 2794 (78.59) 28(77.78)
Yes 293 (8.16) 291 (8.19) 2 (5.56)
Borderline 476 (13.26) 470(13.22) 6 (16.67)
Drinking status®, n(%) 0.711
No 381 (10.61) 376 (10.58) 5(13.89)
Yes 3210(89.39) 3179 (89.42) 31(86.11)
Smoking status®, n(%) 0.820
No 2653 (73.88) 2627 (73.90) 26 (72.22)
Yes 938 (26.12) 928 (26.10) 10 (27.78)
Cardiovascular disease®, n(%) 0.461
No 3432 (95.57) 3399 (95.61) 33(91.67)
Yes 159 (4.43) 156 (4.39) 3(833)
Physical activity®, n(%) 0.274
No 1284 (35.76) 1268 (35.67) 16 (44.44)
Yes 2307 (64.24) 2287 (64.33) 20 (55.56)
Vitamin C (mg)?, Mean+SD 161.45+15551 16145+155.72 161.64+134.30 0.994
Vitamin C groupb, n(%) 0.525
Q1 897 (24.98) 887 (24.95) 10 (27.78)
Q2 897 (24.98) 891 (25.06) 6(16.67)
Q3 899 (25.03) 887 (24.95) 12(33.33)
Q4 898 (25.01) 890 (25.04) 8(22.22)
Vitamin D (mcg)?, Mean +SD 9394826 940+827 8.11+£754 0353
Vitamin D group®, n(%) 0.192
Q1 876 (24.39) 863 (24.28) 13(36.11)
Q2 902 (25.12) 897 (25.23) 5(13.89)
Q3 910 (25.34) 899 (25.29) 11 (30.56)
Q4 903 (25.15) 896 (25.20) 7(19.44)
Vitamin K (mcg)?, Mean+SD 17621421412 176.17+212.04 179.78+370.34 0.920
Vitamin K group®, n(%) 0.667
Q1 898 (25.01) 887 (24.95) 11 (30.56)
Q2 896 (24.95) 887 (24.95) 9 (25.00)
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Table 1 (continued)
Variables Total (n=3591) No IBD (n=3555) IBD (n=36) P

Q3 899 (25.03) 889 (25.01) 10(27.78)

Q4 898 (25.01) 892 (25.09) 6(16.67)

a: Student t-test, b: Chi-square test, SD: standard deviation
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Fig. 2 Normality test of the distribution of different dietary trace elements (vitamin C, vitamin D, vitamin K)

metabolites were associated with an increased abun-
dance of beneficial gut bacteria [27]. Further research
suggests that higher vitamin D intake may enhance treat-
ment outcomes and prognosis in cancer patients [28].
Notably, a bidirectional relationship exists between vita-
min D and the gut microbiota, as the microbiota can
influence both vitamin D absorption and its function [8].
Noteworthily, the inverse association between vitamin
D intake and IBD risk observed in this cross-sectional
study may be interpreted as a bidirectional relationship,
suggesting that vitamin D deficiency may be both a cause
and a consequence of IBD [6]. These findings suggest the
potential of vitamin D supplementation in the prevention
and treatment of IBD [8].

Vitamin K, a fat-soluble vitamin, plays a crucial role
in coagulation, bone health, nervous system function,
and metabolism [29-31]. Beyond its role in coagulation,
vitamin K also exerts anti-inflammatory, antioxidant,
and immune-regulatory effects, which may influence
IBD risk. Research suggested that vitamin K-dependent
proteins (VKDPs) may have mediated these effects,
contributing to anti-inflammatory, anti-tumor, and
immune-modulating actions [32, 33]. For instance,
growth arrest-specific gene 6 (Gas6) is a widely expressed
vitamin K-dependent protein that can regulate homeo-
stasis and inflammation by inhibiting the production of
pro-inflammatory cytokines (e.g., TNF, IL-6, and IL-1f),

promoting phagocytosis of apoptotic cell debris, and
protecting cells from stress-induced apoptosis [34, 35].
Additionally, vitamin K helps prevent IBD by reduc-
ing gut inflammation and oxidative stress, enhancing
the composition of the gut microbiota, and modulating
microbial metabolites [36, 37]. These mechanisms align
with findings from prior research, further supporting the
potential protective role of vitamin K in IBD prevention.
Our results showed a positive, though not statistically
significant, correlation between vitamin C intake and
IBD risk, which was partially in agreement with previous
studies. While some studies in Japan and Iran showed
that increasing vitamin C intake could reduce the risk
of IBD [12-14], other studies in European countries and
Israel showed no significant association between vita-
min C intake and IBD risk [15-17]. Vitamin C is gener-
ally considered to have anti-inflammatory properties, and
research has demonstrated that vitamin C can enhance
immune cell function and modulate immune responses,
influencing anti-tumor, antioxidant, and anti-inflamma-
tory pathways [38, 39]. However, high doses of vitamin C
may potentially exacerbate inflammation by stimulating
immune cell activity, especially in inflammatory condi-
tions with highly activated immune systems [14, 40, 41].
Patients with IBD already have a dysregulated immune
system, and vitamin C’s immune-stimulatory effects
may potentially worsen inflammation. Studies show that
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Table 2 Associations between dietary trace elements and IBD risk in NHANES participants aged 20-60 years (2009-2010)
Variables Model1 Model2 Model3 Model4
OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P
Log-Vitamin D 0.51(0.26~0.97) 0.040 049 (0.25~0.97) 0.040 049 (0.24~0.97) 0.042 049 (0.25~0.98) 0.045
Log-Vitamin D group
Q1 1.00 (Reference) 1.00 (Reference) 00 (Reference) 1.00 (Reference)
Q2 0.38(0.13~1.07) 0.066 0.37(0.13~1.04) 0.059 0.35(0.12~0.99) 0.050 0.35(0.12~1.01) 0.053
Q3 0.84(0.37~1.89) 0.675 0.84 (0.37~1.90) 0.672 0.80 (0.35~1.84) 0.606 0.81(0.35~1.86) 0.621
Q4 0.53(0.21 ~1.34) 0.182 0.57 (022~ 1.44) 0.233 0.58 (0.22 ~ 1.48) 0.253 0.58 (0.22~1.49) 0.256
P for trend 0.271 0.327 0332 0.341
Log-Vitamin C 1.25(0.61~257) 0.534 1.26 (0.59~2.71) 0.554 1.23(0.56~2.70) 0.604 1.25(0.57 ~2.75) 0.579
Log-Vitamin C group
Q1 1.00 (Reference) 1.00 (Reference) 00 (Reference) 1.00 (Reference)
Q2 0.67 (0.24~1.88) 0441 0.64 (0.22~1.83) 0.406 062 (O 22~1.80) 0.381 0.63(0.22~1.817) 0.388
Q3 134 (0.56~3.19) 0510 1.25(0.51~3.07) 0.619 0(0.53~3.22) 0.569 133(0.53~3. 30) 0.543
Q4 0.89 (0.34~231) 0.808 091 (0.34~2.44) 0.852 0.89 (O 32~243) 0.817 0.90 (0.33~247) 0.837
P for trend 0.869 0.864 0.868 0.845
Log-Vitamin K 0.57 (0.25~1.30) 0.184 0.54 (0.22~1.34) 0.185 0.53(0.21~1.33) 0.176 0.53(0.21~1.34) 0.182
Log-Vitamin K group
Q1 1.00 (Reference) 1.00 (Reference) (Reference) 1.00 (Reference)
Q2 0.82(0.34~1.98) 0.657 0.77 (0.31~1.90) 0576 0.77 (031 ~1.92) 0.577 0.78 (0.31 ~ ) 0.589
Q3 91 (0.38~2.15) 0.824 0.93(0.38~2.27) 0.874 0.93(0.38~2.30) 0873 0.93(0.37~2.29) 0.869
Q4 0.54 (020~ 1.47) 0.230 0.53(0.18~1.50) 0.231 0.53(0.18~1.53) 0.240 0.53(0.18~1.55) 0.247
P for trend 0.275 0.294 0.305 3

OR: Odds Ratio, Cl: Confidence Interval
Modell: Crude

Model2: Adjust: Sex, Age, Race/ethnicity, Education, Family income to poverty ratio, BMI

Model3: Adjust: Sex, Age, Race/ethnicity, Education, Family income to poverty ratio, BMI, Drinking status, Smoking status, Hypertension, Diabetes

Model4: Adjust: Sex, Age, Race/ethnicity, Education, Family income to poverty ratio, BMI, Drinking status, Smoking status, Hypertension, Diabetes, Cardiovascular

disease, Physical activity

vitamin C can exacerbate oxidative stress in IBD via acti-
vating redox-active metal ions, which activate the reac-
tive oxygen and nitrogen species (RONS) and enhance
the production of reactive oxygen and nitrogen species,
leading to inflammation [42]. In addition, vitamin C sup-
plementation is not recommended for IBD patients due
to its digestive side effects, including gas, bloating, and
diarrhea [43]. These findings suggest that the effect of
vitamin C on IBD may vary according to doses, popula-
tions, and existing immunity conditions, which warrants
caution and requires further research.

Our study also highlighted a gender-specific link
between vitamin D intake and IBD risk, with a more
pronounced association observed in female partici-
pants. Although the role of sex hormones in vitamin D
metabolism is not fully understood, higher vitamin D lev-
els among females may be linked to estrogen. Evidence
suggests that estradiol may inhibit the enzyme respon-
sible for degrading 1,25-dihydroxy vitamin D3, thereby
influencing vitamin D status [44, 45]. Estrogen’s role in
IBD remains inconclusive; some studies propose that
estrogen may impact the composition of gut microbiota,
reinforce the intestinal epithelial barrier, and modulate
immune responses in the gut, potentially influencing IBD

development [46—48]. Other findings, however, indicate
that estrogen may facilitate the onset and progression of
IBD [49-51].

An additional finding was the protective effect of vita-
min K against IBD, observed exclusively in the non-
diabetic subgroup, suggesting a complex interaction
between metabolic status and vitamin K. This effect may
relate to vitamin K’s involvement in insulin resistance
and glucose metabolism [52, 53]. Lower vitamin K levels
have been associated with increased insulin resistance, a
hallmark of type II diabete [54]. Consequently, vitamin K
may provide differential protective effects against IBD in
diabetic and non-diabetic populations. Future research
should investigate how metabolic conditions, such as dia-
betes, may influence the nutrition-disease association.

Noteworthily, we controlled a range of covariates that
act as potential confounders, such as PIR and BMI, in
the association between vitamin intake and IBD risk.
PIR, an important indicator of income and poverty, has
emerged as a critical social determinant of nutrition and
health that draws increasing research attention [55].
A prospective cohort study based on the 2001-2018
NHANES showed that higher PIR was associated with
a reduced risk of all-cause mortality in participants with
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Heatmap of Different dietary trace elements and IBD
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Fig. 4 Heat map of the relationship between dietary trace element intake in different quantiles and the risk of IBD

prediabetes and diabetes, and PIR mediated the asso-
ciation between healthy lifestyle and all-cause mortality
[56]. BMI is another well-known factor that is linked to
both diet and IBD. A systematic review of 15.6 million
participants showed that both underweight and obesity
were associated with an increased risk of IBD [57]. These
confounding variables have significant implications in
nutritional epidemiology studies, and future studies may
consider further investigating their potential mediating
or moderating roles in the association between vitamin
intake and IBD development.

Despite these findings, several limitations must be
noted. First, the cross-sectional design restricts causal
inference between micronutrient intake and IBD risk,
emphasizing the need for longitudinal studies to ver-
ify these associations. Second, we excluded partici-
pants with missing information on key study variables
and covariates, which may introduce potential bias.
For instance, CVD is a well-known confounder of vari-
ous inflammatory conditions, including IBD. Our study
excluded 16 participants whose CVD status remained
unknown, which may potentially affect the observed
association between vitamin intake and IBD risk. Third,
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Subgroup analysis of the association between trace dietary elements and IBD risk in NHANES participants aged 20-60 years
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Fig. 6 RCS analysis of the relationship between different dietary trace element intakes and the risk of IBD

dietary intake was assessed based on two 24-hour dietary
recalls using the AMPM method, which, although being
a robust method, is subject to recall bias. For instance,
participants may underreport or misreport certain
foods and consumption frequency, which may affect
the accuracy of the final calculation. Fourth, IBD status
was determined based on one self-reported question
from the participants, which is subject to potential bias.
Future studies may consider using physician diagnosis
or other more objective tools for IBD assessment. Fifth,
although we adjusted for numerous potential confound-
ers, unmeasured dietary variables may still impact our
results. Sixth, IBD-related data were only collected dur-
ing the NHANES 2009-2010 cycle, which could result in
sample size discrepancies that may skew the associations,

particularly regarding vitamins C and K. Finally, our
study was focused on three vitamins, C, D, and K, which
may not fully capture the role of dietary trace elements,
especially fat-soluble vitamin (vitamin E), in the risk of
IBD, which will be our next research step. Future studies
with larger, more diverse IBD samples would improve the
robustness of these findings.

Conclusion and implications

This study identified a significant inverse association
between vitamin D intake and IBD risk, with this protec-
tive effect varying by gender, hypertension status, and
smoking habits. No significant associations were found
between vitamin C or vitamin K intake and overall IBD
risk, though a significant inverse association between
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vitamin K intake and IBD risk was observed in non-dia-
betic individuals. These findings highlight the complex
relationship between dietary trace elements and IBD risk,
potentially driven by diverse mechanisms.

Our findings offer fresh insights into the role of dietary
trace elements in IBD development, which carry sig-
nificant implications for the detection and management
of IBD. First, the finding that vitamin D level was nega-
tively associated with IBD risk in this observational study
suggests that vitamin D deficiency may be both a cause
and consequence of IBD. Therefore, serum Vitamin D
may potentially serve as a biomarker for the screening
and diagnosis of IBD, which is cheaper and less invasive
than traditional endoscopy and biopsies. In addition,
given the protective role of vitamin D in IBD, it is sug-
gested that increasing vitamin D to an appropriate level
through vitamin D supplementation may be a promising
complementary therapy for IBD patients. Meanwhile, we
still need more evidence, especially well-designed thera-
peutic studies, to test the therapeutic effects of vitamin
D supplementation (and the appropriate doses) in the
prevention and treatment of IBD, as well as the underly-
ing mechanisms at the genetic, metabolic, and immuno-
logical levels. Furthermore, future studies should further
investigate the associations of vitamin C, vitamin K,
and other dietary trace elements with IBD risk to better
inform prevention and treatment approaches.
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