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Purpose: Visceral adipose tissue (VAT) is integral to the pathology of Crohn’s disease (CD). While trace element imbalances affect
both adipose tissue function and CD progression, their interplay remains poorly characterized. This study aimed to examine whether
trace element status affects CD outcomes and whether this relationship is moderated by visceral adiposity.

Patients and Methods: The data were collected retrospectively based on a prospective cohort of 300 patients newly diagnosed with
CD from July 2019 to June 2022. Baseline plasma trace element levels were assessed, and VAT was measured via computed
tomography (CT) scans at the time of diagnosis. Logistic regression analyses were performed.

Results: Lower zinc and magnesium levels predicted clinical outcomes including intestinal complications and surgery (OR = 0.51,
P =0.002; OR = 0.52, P = 0.001), and poorer treatment response (OR = 0.39, P < 0.001; OR = 0.57, P = 0.004). Elevated copper
levels were associated with clinical outcomes (OR = 1.68, P = 0.012). Notably, stratified analysis revealed that magnesium’s protective
effect was significant exclusively in patients with visceral-to-subcutaneous adipose tissue ratio (VAT/SAT) > 1, whereas the effect of
copper was significant solely in the VAT/SAT < 1 group concerning clinical outcomes.

Conclusion: Dysregulated trace element homeostasis at baseline independently predicts adverse clinical outcomes in CD. The
intricate relationship between trace elements and VAT could influence disease progression, suggesting potential targets for personalized
treatment.
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Introduction

Crohn’s disease (CD) is a subtype of inflammatory bowel disease characterized by transmural involvement of the
intestine, episodes of flare-ups and remissions, and irreversible intestinal damage.' Recent epidemiological studies
indicate rising global incidence rates, particularly in newly industrialized countries.' The chronic and relapsing nature
of CD significantly impacts patients’ quality of life and creates substantial socioeconomic burden on healthcare systems
worldwide.” The pathogenesis of CD is complex, involving interactions among genetic susceptibility, environmental
factors, and dysregulated immune responses.* In consideration of the severe complications and long-term disease course
affecting the life quality of CD patients, early identification and prevention of poor disease outcomes are of great

significance.
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Recent evidence suggests that alterations in body composition, particularly an increase in visceral adipose tissue
(VAT) may play a crucial role in the pathophysiology and clinical outcomes of CD.? VAT functions as a multifunctional
metabolic organ, contributing to lipid storage, immune response, and endocrine regulation.® CD patients tend to have
higher VAT compared to healthy controls (mean difference: 34.5 cm?, 95% CI: 18.8-50.1, P = 0.035), even in the absence
of obesity.” Moreover, increased VAT is closely associated with CD severity, disease behavior, complications, surgical
risk, and prognosis, and also influences the therapeutic efficacy of anti-TNF medications.*” A recent study indicated
a potential association between increased visceral-to-subcutaneous adipose tissue ratio (VAT/SAT) and shorter time to
disease flare in CD patients (hazard ratio: 4.8; VAT/SAT >1.0 vs <1.0)."°

Trace element deficiencies contribute to clinical challenges in CD, increasing morbidity and reducing quality of
life."!'* Essential micronutrients are crucial for immune function, antioxidant defense, and wound healing.'*'” Some
research indicates that CD patients with decreased zinc, calcium, magnesium, and increased copper levels are more likely
to experience prolonged hospitalizations, require surgery, and face complications.'*!*1%181% VAT also has a complex
interplay with trace elements in the body. Studies have linked serum zinc and magnesium levels to obesity.'”*° VAT is
associated with insulin resistance, and imbalances in trace elements may affect the synthesis and function of insulin.?'
Zinc, copper, and iron play crucial roles in adipogenesis and adipocyte differentiation.”” >* Magnesium is essential as
a cofactor for many enzymes, significantly contributing to the metabolic and endocrine functions of adipose tissue.?
However, the specific relationships between trace elements and VAT in CD patients remain poorly explored.

To further investigate this issue, we included newly diagnosed CD patients at our IBD center from July 2019 to
June 2022, measured their plasma trace element levels at the time of initial diagnosis, and analyzed their VAT area
through computed tomography (CT) scans performed within six months of diagnosis.

We aimed to analyze the prevalence of trace element deficiencies at the time of diagnosis, explore how these deficiencies
relate to clinical outcomes and responses to medication, and investigate the potential moderating role of visceral adiposity in
these associations. Our study seeks to elucidate the impact of trace element levels on the prognosis of CD patients while
considering the role of VAT, potentially offering new insights for treatment and management strategies.

Materials and Methods

Study Design and Participants

This research analyzed data from a cohort of newly diagnosed CD patients at the Second Affiliated Hospital of Zhejiang
University School of Medicine. Patients first diagnosed with CD at this institution from July 2019 to June 2022 were
included. Inclusion criteria required a new diagnosis of active CD. Exclusion criteria were: 1) age under 18 or over 80
years old; 2) pregnancy; 3) taking recent trace element supplements; 4) malignancies; 5) severe psychiatric disorders; 6)

infectious diseases; 7) severe comorbidities.

Data Collection
At enrollment, the following data were collected: 1) demographic details (sex, age) 2) disease specifics (diagnosis history,
disease location and behavior, surgery history, medication history); 3) laboratory results; 4) examination findings
(endoscopic, radiological). Patients were followed up every 3—6 months, with a median follow-up duration of 2.46
years (IQR: 1.94-3.12).

Outcome Definitions

Clinical outcomes included: 1) CD-related complications (intestinal obstruction, fistula, bleeding, Clostridioides difficile
infection); 2) need for intestinal surgery (excluding perianal procedures). Drug outcomes included: 1) primary or
secondary failure of biologics; 2) severe side effects from biologics leading to switch of biological therapy; 3)

optimization of biologic therapy (dose escalation or interval reduction not due to weight changes).
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Plasma Trace Element Analysis

Peripheral blood samples were collected within 24 hours of patient enrollment. For analysis, 0.50 mL plasma was mixed
with 4.50 mL of 1% (v/v) ultrapure nitric acid (65% HNO;, Merck Suprapur) and allowed to stand for 30 min, resulting
in complete digestion and a 10-fold dilution. Trace elements were quantified using inductively coupled plasma mass
spectrometry (ICP-MS, Agilent 7800, USA) operated at an RF power of 1500 W. The monitored isotopes and linear
ranges (ng/L) were: 66Zn 0.5-2000, 63Cu 70-1500, 57Fe 50-2000, 44Ca 60000-120000, and 24Mg 17000-26700.
A five-point external calibration curve (PlasmaCal®, SCP Science) was applied, with 89Y (10 pg/L) serving as the
internal standard.

Body Composition Measurements

CT data were collected from CD patients at initial diagnosis or within three months prior to diagnosis. Body composition
measurements were obtained using specialized software (TomoVision sliceOmatic version 5.0). After selecting the scan
slice at the level of the L3 vertebra, muscle and adipose tissues were differentiated and marked based on their anatomical
relationships and distinct CT values (Hounsfield units, HU). Muscle tissue was defined as having HU values ranging
from —29 to +150. Subcutaneous adipose tissue (SAT) and intermuscular adipose tissue (IMAT) were identified as arecas
with HU values between —190 and —30, while VAT was defined as areas with HU values between —150 and —50.1° The
software automatically calculated the relevant tissue areas, specifically the visceral adipose tissue area (VATA) and
subcutaneous adipose tissue area (SATA).

Based on previous research indicating that total body fat is closely related to height, the obtained areas were divided
by the square of height to eliminate height-related influences and accurately reflect tissue content. Thus, the visceral
adipose tissue index (VATI) was calculated as VATA (cm?) / height®> (m?), and the subcutaneous adipose tissue index
(SATI) was derived similarly.*®

Missing Data

Due to the partial retrieval of clinical data from electronic medical records, not all covariates had complete data. Median
imputation was used to address missing variables. The extent of missing data and the imputation process are detailed in
Table S1.

Statistical Analysis

Categorical variables were presented as counts and percentages, and continuous variables were described with medians
and interquartile ranges (Q1-Q3). Comparisons of categorical variables were performed using the Chi-square test or
Fisher’s exact test. Spearman’s rank correlations were used to analyze the relationships between trace elements,
inflammatory markers, and adiposity measures. Logistic regression analyses identified the associations between trace
elements and clinical or drug outcomes, with models adjusted for potential confounding factors including age at
diagnosis, sex, BMI, FCP, and CRP. To reduce data skewness and heteroscedasticity, and to enhance the robustness of
the analysis results in multiple linear regression and logistic regression models, plasma zinc, copper, iron, calcium,
magnesium and VATI data were transformed using Z scores. All P-values were two-sided, with a significance threshold
of 0.05.

Ethical Statement
The study protocol was approved by the Ethics Committee of the Second Affiliated Hospital, Zhejiang University School
of Medicine (No. 2019-038). Informed consent was obtained from all patients prior to the study in accordance with the
Declaration of Helsinki.
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Table 1 CD Patients Demographics and Baseline Characteristics

Characteristic n =300'
Female 76 (25.33%)
Male 224 (74.67%)
Age at diagnosis 27 (21, 34)
Smoke 32 (10.67%)
BMI (kg/m?) 19.5 (17.9, 22.2)
Family history 10 (3.33%)

Disease location®

LI (ileal) 118 (39.33%)
L2 (colonic) 18 (6.00%)

L3 (ileocolonic) 161 (53.67%)
L4 (upper GI) 103 (34.33%)

Disease behavior

Bl (nonstricturing/penetrating) 190 (63.33%)
B2 (stricturing) 72 (24.00%)
B3 (penetrating) 38 (12.67%)
PD (perianal) 210 (70.00%)

Laboratory results

C-reactive protein (mg/L) 12 (4, 30)
Erythrocyte sediment rate (mm/h) 18 (6, 32)

Fecal calprotectin (ug/g) 1,800 (941, 1,800)
Albumin (g/L) 376 +54
Globulin (g/L) 309 £5.0

White blood cell count (10%/L) 6.70 (5.50, 8.35)
Neutrophil count (10°/L) 4.50 (3.28, 5.85)
Lymphocyte count (10%/L) 1.46 (1.14, 1.87)
Monocyte count (10°/L) 0.46 (0.36, 0.58)
Eosinophil count (10%/L) 0.14 (0.09, 0.22)
Basophil count (10°/L) 0.03 (0.02, 0.04)
Hemoglobin (g/L) 127 (110, 140)
Mean corpuscular volume (fL) 85 (80, 88)

Mean corpuscular hemoglobin (pg) 27.7 (25.5, 29.1)
Mean corpuscular hemoglobin concentration (g/L) 325 (317, 333)
Platelet count (10%/L) 301 (236, 376)
CDAI 146 (98, 213)

Zn (pg/L) 779 (656, 1,046)
Cu (ug/L) 1,035 (894, 1,188)
Fe (ug/L) 793 (596, 1,283)
Ca (mg/L) 97 (93, 102)

Mg (mg/L) 21.89 (20.60, 23.22)
Adiposity Measures N=269'

IMAT (cm?) 43 (24,7.1)

SAT (cm?) 83 (41, 130)

VAT (cm?) 50 (26, 85)
VAT/SAT 0.67 (0.45, 1.02)
SATI (cm? /m?) 29 (14, 47)

VATI (cm? /m?) 17 (9, 30)

Notes: 'n (%); Median (IQR); Mean * SD.
Abbreviations: BMI, body mass index; CDAI, Crohn’s Disease activity index; Zn, zinc;
Cu, copper; Fe, iron; Ca, calcium; Mg, magnesium; IMAT, intra-muscular adipose tissue;
SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; VAT/SAT, the ratio of
visceral adipose tissue to subcutaneous adipose tissue; SATI, subcutaneous adipose tissue
index; VATI, visceral adipose tissue index.
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Results

Baseline Characteristics of Crohn’s Disease Patients

A total of 300 newly diagnosed CD patients were enrolled, with their baseline clinical characteristics shown in Table 1.
The male-to-female ratio was approximately 3:1, with 224 males (74.67%) and 76 females (25.33%). The typical age at
diagnosis was 27 years. Smokers made up 10.67% (32/300) of the patients, with a median BMI of 19.5 kg/m?. A family
history of CD was reported in 3.33% of patients.

According to the Montreal classification, the disease locations at diagnosis were L1 in 118 patients (39.33%), L2 in
18 patients (6.00%), L3 in 161 patients (53.67%), and L4 in 103 patients (34.33%). In terms of disease behavior, B1 was
the most common (190/300, 63.33%), followed by B2 (72/300, 24.00%) and B3 (38/300, 12.67%). Additionally, perianal
disease was present in 210 patients (70.00%).

Of the 300 patients initially diagnosed with CD, 269 underwent CT imaging assessment for body composition
analysis at baseline. IMAT measurements revealed a median area of 4.3 cm? The median VAT area was 50 cm?, while the
median SAT area was 83 cm?. The ratio of visceral adipose tissue to subcutaneous adipose tissue (VAT/SAT), indicative
of adipose tissue distribution, had a median of 0.67. When adjusted for height, the median VATI was 17 cm?*m?, and the
SATI was 29 cm?/m?.

Trace Elements Deficiency in CD Patients

Table 2 shows the prevalence of plasma trace elements deficiencies in the CD initial diagnosis cohort (n = 300). Iron
deficiency was the most common, affecting 25.67% (77/300) of patients, followed by zinc deficiency at 3.67% (11/300).
Deficiencies in calcium and magnesium were less common, observed in 1.00% (3/300) and 0.36% (1/300) of patients,
respectively, with copper deficiency occurring in 0.67% (2/300).

Correlation Analysis of Trace Elements with Inflammatory Markers, and Adiposity

Measures in CD Patients

Correlation analysis of trace elements with inflammatory markers, and adiposity measures in CD Patients is shown in
Figure 1. Plasma zinc and iron levels showed positive correlations with BMI, but negatively associated with inflamma-
tory markers fecal calprotectin (FCP), C-reactive protein (CRP), platelet count (PLT), and erythrocyte sediment rate
(ESR). In contrast, copper levels demonstrated positive correlations with FCP, CRP, ESR, and PLT. Calcium levels, like
zinc and iron, positively correlated with BMI, but negatively correlated with FCP, CRP, and the VAT/SAT ratio. Notably,
magnesium levels exhibited negative correlations specifically with VATI and the VAT/SAT ratio, suggesting a unique
relationship with visceral adiposity measures.

Trace Elements and Clinical Outcomes: Stratified Analysis by VAT/SAT
Of the 300 initially enrolled CD patients, 3 had severe mental illnesses, 2 had prior bowel surgery, 9 were previously
treated with biologics for other conditions, and 17 were lost to follow-up. Consequently, 269 patients were included in

Table 2 Plasma Micronutrient
Deficiency in CD Patients

Characteristic | n = 300
Zn 11 (3.67%)
Cu 2 (0.67%)
Fe 77 (25.67%)
Ca 3 (1.00%)
Mg 1 (0.36%)
n (%)

Abbreviations: Zn, zinc; Cu, copper;
Fe, iron; Ca, calcium; Mg, magnesium.
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Figure | Correlation heatmap of trace elements with inflammatory markers and adiposity measures in Crohn’s disease patients.
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Study design

47 patients were excluded:

* 26 opted for intestinal resection after their
initial diagnosis.

» 21 did not choose biologic therapy.

Drug Outcome

Figure 2 Summary of the study patients flow.

the clinical outcome analysis (Figure 2). Over the two-year follow-up period, 21.19% (57/269) of the patients experi-
enced at least one adverse clinical outcome. Complications were observed as follows: intestinal obstruction in 15.24%
(41/269) of patients, intestinal fistula in 4.46% (12/269), gastrointestinal bleeding in 0.74% (2/269), and Clostridioides
difficile infection in 0.74% (2/269). Additionally, 15.61% (42/269) of patients required bowel surgery, with 11.90% (32/
269) undergoing partial small bowel resection and 3.72% (10/269) undergoing partial colectomy.

Multivariate logistic regression analysis, adjusted for age at diagnosis, sex, BMI, FCP, and CRP, revealed that
decreases in plasma zinc (OR = 0.51, 95% CI: 0.34-0.77, P = 0.002) and magnesium levels (OR = 0.52, 95% CI:
0.35-0.77, P = 0.001) were significant predictors of adverse clinical outcomes in CD patients. Conversely, copper levels
showed a significant positive association with adverse event risk (OR = 1.68, 95% CI: 1.12-2.51, P =0.012). Plasma iron
and calcium levels did not show significant predictive value after adjustment (Figure 3).

Prior research indicated a correlation between increased VAT/SAT and stricturing behavior in CD.?” A higher VAT/
SAT ratio (>1.0) was associated with a reduced time to IBD flare (hazard ratio: 4.8; VAT/SAT >1.0 vs <1.0).'" Based on
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Parameters OR(95% Cl) P value
Clinical Outcome
Zn 0.51(0.34-0.77) —— 0.002
Cu 1.68(1.12-2.51) S— — 0.012
Fe 1.06(0.74-1.51) i 0.757
Ca 1.31(0.92-1.86) H——— 0.132
Mg 0.52(0.35-0.77) —— 0.001

Drug Outcome

Zn 0.39(0.27-0.58) <0.001
Cu 0.85(0.57-1.27) 0.395
Fe 0.96(0.67-1.38) 0.840
Ca 1.36(0.89-2.08) 0.153
Mg 0.57(0.39-0.84) 0.004
I T 1
0 1 2 3

Figure 3 Multivariate logistic regression analysis of trace elements and adverse outcomes in Crohn’s disease patients.

prior findings on VAT, we stratified 269 CD patients into VAT/SAT > 1 (n = 69) and VAT/SAT < 1 (n = 200) groups for
logistic regression analysis.*® The results revealed that plasma magnesium levels significantly predicted adverse clinical
outcomes only in the VAT/SAT > 1 group (OR = 0.22, 95% CI: 0.08-0.56, P = 0.002), but not in the VAT/SAT < 1 group
(OR = 0.96, 95% CI: 0.56—1.64, P = 0.888) (P for interaction = 0.013). Conversely, plasma copper levels demonstrated
significant predictive capacity for adverse clinical outcomes exclusively in the VAT/SAT < 1 group (OR = 2.19, 95% CI:
1.24-3.87, P = 0.007), while no significant predictive effect was observed in the VAT/SAT > 1 group (OR = 1.36, 95%
CI: 0.57-1.61, P = 0.499) (P for interaction = 0.187) (Figure 4).

Trace Elements and Drug Outcomes: Stratified Analysis by VAT/SAT

Following the clinical outcome analysis, we assessed drug outcomes in a subset of our study cohort. Initially, 269 patients
were included in the study. However, 47 were excluded: 26 due to intestinal resection post-initial diagnosis, and 21 who
did not opt for biologic therapy. This left 222 patients for the analysis of specific drug-related outcomes (Figure 2).

In the multivariable logistic regression analysis, zinc levels were significantly associated with a reduced likelihood of
the drug outcome (OR = 0.39, 95% CI: 0.27-0.58, P < 0.001). Similarly, magnesium showed a protective effect (OR =
0.57, 95% CI: 0.39-0.84, P = 0.004). Other trace elements, including copper, iron, and calcium, did not demonstrate
significant associations with the outcome (Figure 3).

Patients were divided into two groups according to their VAT/SAT. Among patients with VAT/SAT >1 (n = 47),
magnesium exhibited a pronounced protective effect against adverse outcomes (OR = 0.06, 95% CI: 0.01-0.51, P =
0.010). In contrast, within the VAT/SAT <l group (n = 175), magnesium showed no significant association with
outcomes (OR = 0.79, 95% CI: 0.50-1.25, P = 0.319) (P for interaction = 0.017) (Figure 4). Other trace elements,
including zinc, copper, iron, and calcium, demonstrated no significant differences in stratified analyses.

Discussion
Trace element deficiencies and VAT accumulation are prevalent in CD patients, yet their underlying mechanisms and
potential interrelations remain elusive. Our study revealed significant associations between trace elements, VAT, and
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Parameters

Clinical Outcome

Zn
VAT/SAT > 1
VAT/SAT <1
Cu
VAT/SAT > 1
VAT/SAT <1
Fe
VAT/SAT > 1
VAT/SAT<1
Ca
VAT/SAT > 1
VAT/SAT <1
Mg
VAT/SAT > 1
VAT/SAT <1

Drug Outcome
Zn
VAT/SAT > 1

VAT/SAT <1

VAT/SAT>1

VAT/SAT <1
Fe

VAT/SAT >1

VAT/SAT <1

Ca
VAT/SAT >1
VAT/SAT<1
Mg
VAT/SAT>1

VAT/SAT <1

Figure 4 Stratified analysis of trace elements and adverse outcomes in Crohn’s disease patients based on visceral-to-subcutaneous adipose tissue ratio.

disease outcomes in newly diagnosed CD patients. Notably, magnesium levels inversely correlated with VATI. Lower
levels of zinc and magnesium were associated with adverse clinical outcomes, whereas elevated copper levels predicted
poor clinical outcomes. Importantly, the protective effect of magnesium against adverse clinical outcomes was observed
exclusively in patients with high VAT (VAT/SAT >1), while copper’s detrimental effect was seen only in the low VAT

OR(95% Cl)

0.47(0.21-1.02)

0.51(0.26-1.00)

1.36(0.57-1.61)

2.19(1.24-3.87)

0.74(0.36-1.54)

1.44(0.87-2.38)

1.71(0.70-4.19)

1.22(0.77-1.94)

0.22(0.08-0.56)

0.96(0.56-1.64)

0.22(0.06-0.79)

0.32(1.12-2.51)

0.40(0.09-1.86)

0.83(0.55-1.26)

1.42(0.56-3.56)

0.97(0.65-1.45)

1.62(0.42-6.31)

1.33(0.84-2.11)

0.06(0.01-0.51)

0.79(0.50-1.25)

P value

0.056

0.048

0.499

0.007

0.425

0.153

0.238

0.402

0.002

0.888

0.020

0.012

0.244

0.389

0.458

0.886

0.488

0.225

0.010

0.319

P for interaction

0.720

0.187

0.416

0.933

0.013

0.754

0.328

0.516

0.618

0.017
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group (VAT/SAT <1). In terms of drug outcomes, reduced zinc levels were predictive of unfavorable responses across all
patients, while magnesium’s protective effect was significant only in those with high VAT (VAT/SAT >1). These findings
suggested a complex interplay between trace elements and VAT in CD, potentially influencing disease progression and
treatment response.

Our study corroborated and expanded upon existing research regarding the relationships between trace elements and
inflammatory markers in CD patients. A study reported significant negative correlations between plasma zinc levels and
CRP and FCP, while showing a positive correlation with albumin. The positive correlations we found between copper
levels and inflammatory markers (FCP, CRP, ESR, and PLT) also corroborated previous findings. Similarly, we found
negative correlations between plasma iron and inflammatory markers, consistent with previous studies showing lower
plasma iron levels in moderate to severe CD.* This inverse relationship may be mediated by inflammatory cytokines,
particularly Interleukin-6, which affects iron homeostasis through hepcidin regulation.® Regarding magnesium, our
study found no significant correlations with inflammatory markers, consistent with some previous research.*' In contrast,
a clinical study found significant negative correlations between serum magnesium levels and both CDAI scores (P <
0.001) and CRP (P = 0.001).**

Our analysis revealed that among the deficient elements, only baseline magnesium levels showed a significant
association with VATI. This finding aligns with existing literature documenting the relationship between magnesium
deficiency and altered body fat distribution. A cross-sectional study involving 130 healthy adults found significant
negative correlations between serum total magnesium levels and body weight (P = 0.003) as well as waist circumference
(P =0.03).>* A 30-year prospective cohort study of 5115 young adults found an inverse relationship between magnesium
intake and obesity incidence, further supporting this connection.*

Given the established relationship between VAT and clinical prognosis in CD, as well as the association between
baseline specific trace elements and VATI, we investigated the prognostic value of trace elements in predicting adverse
outcomes in CD patients. Our multivariate logistic regression analysis revealed that baseline low plasma magnesium and
zinc levels, along with high plasma copper levels were associated with poor clinical outcomes. Notably, our stratified
analysis based on VAT/SAT demonstrated differential prognostic values of trace elements. In patients with VAT/SAT > 1,
low plasma magnesium levels predicted both adverse clinical and drug-related outcomes, while this effect was not
observed in patients with VAT/SAT < 1. Conversely, high plasma copper levels were associated with poor clinical
prognosis only in patients with VAT/SAT < 1.

Zinc deficiency has been consistently associated with adverse events in CD patients, including increased hospitaliza-
tions and complications.®’ A study of CD patients undergoing anti-TNF-a treatment found that those with persistent
active disease tended to have lower zinc intake compared to patients achieving remission, highlighting a potential
connection between zinc status and treatment response.’” Additionally, recent study demonstrated that zinc supplementa-
tion improves intestinal barrier function in CD patients.*® Further clinical investigation revealed that normalization of
serum zinc levels correlated with reduced hospitalization rates, decreased surgical interventions, and lower complication
risks in these patients.*’

Our study demonstrates a significant interaction between plasma magnesium levels and VAT in predicting CD
prognosis (P for interaction < 0.05). This finding aligns with potential associations between magnesium and visceral
adiposity revealed in previous research. Studies have found that fatty acids can bind to magnesium, reducing free
magnesium levels.”® The CARDIA study, which followed 5,115 young adults for 30 years, demonstrated that dietary
magnesium intake inversely associated with obesity risk.>* In both schizophrenia patients and healthy controls, dietary
magnesium intake negatively correlated with VAT in females (r = —0.60, P = 0.011 and r = —0.47, P = 0.041,
respectively).’” Research has shown that magnesium influences key enzymes in lipid metabolism, including lipoprotein
lipase, HMG-CoA reductase, and lecithin-cholesterol acyltransferase, which may be an important mechanism for the
interaction between magnesium and adipose tissue.”> Additionally, one study found that magnesium filaments implanted
in mouse white adipose tissue significantly reduced white fat accumulation. Further investigation revealed that magne-
sium binds to the DFG motif in mTOR, promoting mTORC?2 activation and M2 polarization in macrophages, thereby

reducing fat accumulation.*°
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In our stratified analysis of this interaction, we found that plasma magnesium levels significantly predicted CD
prognosis only in patients with high VAT, while this predictive effect was not observed in the low VAT group. This
finding may reflect the unique physiological environment in patients with high VAT. In high VAT states, increased
secretion of proinflammatory cytokines from VAT creates a more pronounced inflammatory microenvironment, in which
variations in magnesium levels may have more critical effects on immune regulation and inflammation control.*'
Moreover, patients with high VAT often experience metabolic dysregulation, and magnesium, as a cofactor for numerous
metabolic enzymes, may have more significant impacts on disease progression in this population when its levels
fluctuate.*> However, the precise mechanisms underlying the interaction between magnesium levels and VAT in affecting
clinical outcomes in CD patients, as well as the causal relationship between magnesium and visceral adiposity, warrant
further investigation.

Regarding the association between elevated copper levels and adverse clinical outcomes, recent research provides
new insights. Studies have shown significantly higher plasma copper concentrations in active CD patients (P < 0.01).*
A study identified several differentially expressed cuproptosis-related genes (CuDEGs) in CD samples which were found
to be associated with immune cell infiltration and metabolic pathway activation, suggesting a potential role of copper-
related cellular processes in CD pathogenesis.** Recent research has shown that copper sequestration by the ATP7A
transporter is essential for normal adipocyte differentiation.”® Additionally, copper acts as an endogenous regulator of
lipolysis by modulating PDE3B activity.*’ These findings highlight the intricate balance between copper levels and
adipose tissue function, which may underlie the differential prognostic value observed in our study.

Despite showing potential benefits, trace element supplementation for CD patients currently lacks unified
guidelines,w"“”47 Zinc supplementation may reduce inflammation, enhance intestinal barrier function, and maintain
CD remission, yet standardized protocols remain absent.*® Although studies have indicated that magnesium supplemen-
tation can improve CD patient outcomes, traditional formulations may paradoxically worsen diarrhea, causing further
magnesium depletion.'”*® These research findings demonstrate that further investigation into trace element applications
for IBD treatment is necessary, highlighting the urgent need for large-scale randomized controlled trials to develop more
targeted formulations with fewer side effects, establish scientific supplementation protocols, and ultimately optimize
personalized treatment strategies for CD patients.

Our study has many strengths. First, this novel approach, combining trace element analysis with visceral adiposity
assessment in newly diagnosed CD patients, has the potential to provide valuable insights into disease mechanisms and
prognostic factors. Second, our cohort possessed relatively comprehensive baseline clinical and imaging data, as well as
a biobank, allowing for a multi-dimensional assessment of disease risk stratification and prognosis. This study also has
several limitations. Our retrospective design prevented us from establishing causal relationships between plasma
magnesium levels and VAT accumulation. Moreover, the single-center nature of our study may have led to potential
selection bias. Additionally, we were unable to obtain information on dietary habits and intake, which could potentially
influence trace element levels in our study, although we recorded medication and health-supplement use. Prospective,
multi-center studies are warranted to longitudinally monitor trace elements and visceral adiposity in CD patients, while
elucidating the underlying biological mechanisms by which trace elements modulate VAT accumulation. Such investiga-
tions would provide critical insights into disease pathogenesis and enhance our understanding of the prognostic
implications for clinical outcomes.

Conclusion

In conclusion, our study offers novel insights into the intricate connections between plasma trace element status, VAT,
and clinical outcomes in newly diagnosed CD patients. The differential prognostic value of trace elements based on
visceral adiposity underscores the importance of considering both nutritional status and body composition in the
management of CD. Routine assessment of trace element status and visceral adiposity in clinical practice could enhance
risk stratification and personalization of treatment approaches for these patients. Future research should aim to clarify the
mechanisms behind these associations and investigate therapeutic strategies that target trace element status and adiposity
in CD patients.
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