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Abstract: Background: Immune-mediated inflammatory diseases (IMIDs) occur when the immune system attacks 
the body’s own tissues, affecting approximately 8% of the global population. Objective: This study investigated 
the serum levels of a few redox-relevant essential micronutrients, aiming to explore their relationships with the 
prevalence of IMIDs and to identify the serum concentration ranges associated with the lowest observed 
prevalence of IMIDs. Methods: A cross-sectional study was conducted using NHANES 2013–2014 data, 
comprising 1493 participants. IMIDs were defined as the presence of asthma, celiac disease, psoriasis, or 
psoriatic/rheumatoid arthritis. Weighted binary logistic regression evaluated the association between serum 
selenium, vitamin D, and the zinc-to-copper ratio with the prevalence of IMIDs. We identified the serum-selenium 
quartile associated with the lowest observed prevalence of IMIDs in this dataset using quartile-based and threshold 
analyses, adjusting for smoking status, alcohol consumption, diabetes, and cancer history. Results: Higher serum 
selenium levels were significantly associated with a lower prevalence of IMIDs (OR: 0.627, 95% CI: 0.402–0.977). 
In contrast, no significant associations were observed for vitamin D or zinc-to-copper ratio. Quartile analysis 
revealed that individuals in the second quartile of serum selenium (1.51–1.65 μmol/L) had the lowest observed 
prevalence of IMIDs (18.85%), with significantly lower odds of IMIDs compared to the lowest (OR: 0.659, 95% 
CI: 0.447–0.971). However, sufficiency levels of vitamin D and the zinc-to-copper ratio were not significantly 
associated with a lower prevalence. Conclusion: The inverse association between higher serum selenium (1.51–
1.65 μmol/L) and IMIDs was statistically significant in crude and partially-adjusted models but was attenuated 
and non-significant in the primary fully-adjusted weighted model. These findings suggest a potential observational 
link between selenium status and the prevalence of IMIDs that warrants further investigation. 

Keywords: immune-mediated inflammatory diseases; essential micronutrients; NHANES; selenium; vitamin D; 
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1. Introduction 

Immune-mediated inflammatory diseases (IMIDs) represent a growing global health challenge, affecting 
millions of individuals worldwide. Conditions such as asthma, psoriasis, celiac disease and rheumatoid arthritis 
(RA) are among the most common. IMIDs affect 7.6–9.4% people globally [1,2]. In the United States, 
approximately 3% of the population, or nearly 10 million people, are estimated to live with IMIDs [3], leading to 
significant morbidity, diminished quality of life, and escalating healthcare costs [4]. IMIDs occur when the 
immune system mistakenly attacks the body’s own tissues, resulting in cytotoxic reactions and chronic 
inflammation [5]. Current treatments primarily rely on immunosuppressive agents and anti-inflammatory 
strategies. However, these therapies are often expensive and come with considerable drawbacks, including drug 
intolerance, hypersensitivity reactions, and increased risk of infections and malignancies [6–9]. Consequently, 
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there is a growing interest in identifying dietary components with anti-inflammatory and antioxidant properties as 
alternative or complementary interventions. 

Essential micronutrients, including vitamins, zinc, copper, and selenium, are critical for their anti-
inflammatory and antioxidant functions and must be obtained through the diet [10]. These micronutrients play 
vital roles in every stage of the immune response, including barrier defense, innate immunity, and adaptive 
immunity [11]. Although the mechanisms and etiology of IMIDs are complex, there is increasing evidence 
suggesting that micronutrients—such as selenium, vitamin D, zinc, and copper—may influence the onset and 
progression of these conditions. Exploring their potential in mitigating IMIDs risk offers a promising venue for 
research and clinical application. 

Selenium (Se) is an essential micronutrient known for its unique biochemistry and its critical role in regulating 
immune function and protecting against oxidative stress through its incorporation into selenoproteins [12]. Numerous 
studies have suggested that selenium deficiency is associated with an increased risk of IMIDs [13–15]. This 
deficiency has also been linked to the pathogenesis of celiac disease, psoriasis, RA, and asthma, with possible 
mechanisms involving heightened oxidative stress [16,17]. 

Vitamin D (Vit. D), a fat-soluble vitamin primarily obtained through sun exposure and dietary sources, is 
another key nutrient. Calcitriol, the active form of vitamin D, binds to vitamin D receptor on T cells, B cells, and 
dendritic cells, influencing their function and enhancing immunological tolerance [18]. Strong evidence links 
vitamin D deficiency with an increased risk of IMIDs. For example, low vitamin D levels have been associated 
with higher incidence and severity of RA [19,20]. Additionally, vitamin D deficiency may contribute to the onset 
and aggravation of asthma, psoriasis, and celiac diseases [21]. 

Zinc (Zn) and copper (Cu) are essential trace elements with crucial roles in the immune system, and their 
imbalance has been implicated in the development of IMIDs. Zinc is recognized for its immunomodulatory functions, 
particularly in the regulation of various immune cells [22]. Zinc deficiency can lead to immune dysfunction and the 
development of IMIDs such as RA and celiac disease [23]. Conversely, elevated copper levels are linked with 
inflammation and oxidative stress, which are common contributors to the development of IMIDs [24]. An imbalance 
in the zinc-to-copper ratio (Zn/Cu ratio) has been observed in individuals with IMIDs conditions such as RA and 
systemic lupus erythematosus (SLE), highlighting the importance of maintaining proper zinc and copper 
homeostasis to mitigate immune dysfunction [25]. 

Despite evidence supporting the roles of these nutrients in IMIDs, there remains a need for comprehensive 
epidemiological studies to better understand their roles in the occurrence and development of these conditions. 
The National Health and Nutrition Examination Survey (NHANES) provides valuable datasets for such 
investigations. NHANES is a program designed to assess the nutritional status and health of the U.S. population 
through a combination of interviews, physical examinations, and laboratory tests [26]. The extensive data collected 
by NHANES, including information on dietary intake, serum nutrient levels, and health outcomes, offer a unique 
opportunity to explore the relationship between selenium, vitamin D, the zinc-to-copper ratio, and IMIDs, with a 
particular focus on psoriatic/rheumatoid arthritis, celiac disease, psoriasis, and asthma. 

Current guidelines increasingly recognize selenium and other micronutrients as crucial for immune function. 
The Recommended Dietary Allowance (RDA) for selenium, set by organizations like the National Institutes of 
Health (NIH), is aimed at maintaining optimal immune function, particularly in reducing oxidative stress and 
inflammation [27]. While no specific guidelines exist for IMIDs prevention, emerging research suggests that 
maintaining adequate serum selenium levels may offer protective effects against these conditions. 

Using NHANES data, this study aims to explore the effects of selenium, vitamin D, and the zinc-to-copper 
ratio, and their recommended therapeutic ranges, on the prevalence of asthma, psoriasis, psoriatic/rheumatoid 
arthritis, and celiac disease. Our objective is to elucidate the potential roles of these micronutrients by examining 
their relationship with IMIDs outcomes. Specifically, we investigated whether higher nutrient levels are associated 
with lower prevalence of certain IMIDs. Confirming these relationships could improve understanding of nutritional 
epidemiology of IMIDs and inform future prospective and interventional studies. 

This study offers two primary contributions: first, it enables head-to-head comparison of the relative strength 
of associations across three key immune-related micronutrients in the same population; second, it provides 
population-level dose–response evidence that complements existing mechanistic research. Our findings may 
inform the design of future nutritional intervention studies, and generate testable hypotheses regarding the role of 
micronutrient status in immune-mediated inflammatory conditions. 
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2. Methods 

2.1. Study Population 

The study used data from the 2013–2014 cycle of the National Health and Nutrition Examination Survey 
(NHANES), a nationally representative cross-sectional survey conducted by the National Center for Health 
Statistics (NCHS) of the U.S. Centers for Disease Control and Prevention (CDC). NHANES employs a multistage, 
stratified probability sampling design to recruit participants representative of the civilian non-institutionalized 
population of the United States. The survey integrates three core components: household interviews, standardized 
physical examinations, and laboratory biomarker testing, providing comprehensive data on demographic 
characteristics, lifestyle factors, disease status, and nutritional biomarkers. The NHANES survey protocol was 
reviewed and approved by the NCHS Research Ethics Review Board, and all participants provided written 
informed consent [28]. The 2013–2014 cycle was selected for the present analysis because it contains complete 
laboratory measurements of all target micronutrients (selenium, copper, zinc, and vitamin D) and standardized 
questionnaire data on immune-mediated inflammatory conditions, making it the most suitable publicly available 
NHANES cycle for this research question. A total of 1493 participants with complete serum micronutrient and 
IMIDs data were included. Individuals with missing data, minors, and pregnant participants were excluded. 
Demographic information, laboratory test results, and IMIDs status were collected and analyzed for this cohort 
(Figure 1). 

 

Figure 1. Flowchart of participant selection from NHANES 2013–2014. 
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2.2. Essential Micronutrients in Serum 

Serum levels were determined through real-time detection methods, making them a more reliable indicator 
of potential regulatory roles. Serum specimens for trace-element measurements were stored at −70 °C to preserve 
specimen integrity, while specimens for vitamin-D assays were stored at −30 °C, consistent with NHANES 
laboratory protocols. Inductively Coupled Plasma Dynamic Reaction Cell Mass Spectrometry (ICP-DRC-MS) 
was used to measure serum copper, selenium, and zinc levels. The serum samples were diluted in a 1:1:28 ratio 
with water, using gallium (Ga) as an internal standard to ensure measurement accuracy. Ultra-High-Performance 
Liquid Chromatography-Tandem Mass Spectrometry (UHPLC-MS/MS) was employed to quantify 25-
hydroxyvitamin D2 and 25-hydroxyvitamin D3 concentrations. Serum total 25-hydroxyvitamin D (25[OH]D; 
NHANES variable name: VID_H) represents the sum of 25-hydroxyvitamin D2 and 25-hydroxyvitamin D3 and 
excludes the C3-epimer, following NHANES laboratory documentation. All detection processes were conducted 
by trained professionals under stringent quality control protocols. 

Serum selenium levels were analyzed and stratified into quartiles to account for geographic variations in 
threshold [29]. As copper and zinc can influence each other’s absorption, the zinc-to-copper (Zn/Cu) ratio was 
used as an alternative marker, although a standardized reference range for this ratio has yet to be established [30,31]. 
The Zn/Cu ratio was analyzed as a continuous variable. Vitamin D levels were classified as severe deficient if they 
fell below 30 nmol/L, consistent with established guidelines [32]. 

2.3. Immune-Mediated Inflammatory Diseases Survey 

IMIDs include RA, the spondyloarthritis disease spectrum, connective tissue disorders, cutaneous 
inflammatory conditions, inflammatory bowel disease, asthma and autoimmune neurological diseases such as 
multiple sclerosis [33]. Data on IMIDs were obtained from the Medical Conditions section of the NHANES survey, 
based on the “Medical Conditions” questionnaire from the National Health Interview Survey (NHIS). The 2013–
2014 cycle database includes conditions such as psoriasis, asthma, celiac disease, and rheumatoid/psoriatic arthritis, 
representative of IMIDs. Participants diagnosed with any of these conditions were classified as having an IMID. 

2.4. Covariables 

Confounders were prespecified a priori based on published epidemiological and immunological evidence. A 
directed acyclic graph (DAG) was constructed to formalize causal assumptions and identify potential back-door 
confounding paths for the association between serum selenium and prevalence of IMIDs (Figure 2) [34]. Covariates 
included immune-related data collected by NHANES, such as smoking status, alcohol consumption, diabetes, and cancer 
history. Smoking status was categorized as nonsmokers (fewer than 100 cigarettes in their lifetime) and smokers, while 
alcohol consumption was classified as non-drinkers (fewer than 12 alcoholic beverages per year) and drinkers. Diabetes 
status was defined as nondiabetics (no diabetes diagnosis, glycosylated hemoglobin < 6.5%, and fasting blood glucose 
< 126 mg/dL) or diabetics. Cancer history was categorized as ever diagnosed with cancer or not. 

 

Figure 2. Directed acyclic graph (DAG) of hypothesized causal pathways between serum selenium and the 
prevalence of IMIDs. Arrows denote pre-specified causal assumptions based on published evidence. Serum 
selenium is the exposure and the prevalence of IMIDs is the outcome. The diagram highlights potential confounders 
including demographic, socioeconomic and lifestyle factors. Diabetes and cancer could be confounders or 
conditions associated with IMIDs, although their temporal relationships with IMIDs cannot be determined using 
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cross-sectional NHANES data. The core exposure variable Exposure consists of three serum biomarkers: serum 
selenium (Se) level, serum vitamin D (Vit. D) level, and serum zinc-to-copper ratio (Zn/Cu). 

Given the cross-sectional nature of the NHANES dataset, temporal ordering cannot be definitively 
established for diabetes and cancer history. These comorbidities may operate as confounders, whereby shared prior 
lifestyle factors influence both micronutrient status and the prevalence of IMIDs. However, reverse causality is 
also plausible: pre-existing IMID and chronic inflammatory states may lead to subsequent diabetes or cancer. To 
address this ambiguity, our primary fully-adjusted model retained diabetes and cancer history as covariates. Some 
variables are not applicable to this NHANES cycle and therefore cannot be included in the regression model, 
despite being identified as potential confounding factors in our DAG. 

2.5. Statistical Analysis 

Continuous variables were expressed as mean ± standard deviation (Mean ± SD), and categorical variables 
as number of cases (n) and percentages (%). A weighted analysis was performed using the 2-year Subsample A 
weight (WTSA2YR), masked variance pseudo-PSU (SDMVPSU), and masked variance pseudo-stratum 
(SDMVSTRA) from NHANES. Weighted logistic regression was used to examine the relationship between serum 
micronutrient levels and the prevalence of IMIDs. Model 1 performed no covariate adjustment at all; Model 2 
partially adjusted exploratory model, adjusted only for demographic covariates (age, sex, race); Model 3 
incorporated all potentially relevant covariates: age, sex, race, smoking, alcohol consumption, diabetes, and cancer 
status. Restricted Cubic Spline (RCS) regression with 4 knots (5th, 35th, 65th, and 95th percentiles) was used to 
explore potential non-linear relationships between serum levels and the prevalence of IMIDs. Serum nutrient levels 
were also stratified by deficiency status or quartiles for further analysis. Probability of IMIDs occurrence at various 
concentrations of each essential micronutrient was calculated using the weighted data, provided they showed 
statistical significance. All statistical analyses were conducted using R software (Version 4.3.2) and RStudio 
(2023.06.2 Build 561), and visualizations were created with Adobe Illustrator (Version 2020, San Jose, CA, USA). 

3. Results 

3.1. Population Characteristics 

A total of 1493 participants were included in this study (Figure 1). The unweighted characteristics of the 
study population are summarized in Table 1, with additional weighted information presented in Table 2. Of these, 
323 participants were diagnosed with IMIDs, 42.72% of whom were male. Among the 1170 participants without 
IMIDs, 47.95% were males. The age distribution was similar between those with and without IMIDs. Regarding 
race, 55.42% of participants with IMIDs identified as Non-Hispanic White, and 44.58% as belonging to other 
racial groups. Conversely, among participants without IMIDs, 42.74% identified as Non-Hispanic White, and 
57.26% as belonging to other racial groups. 

Table 1. Characteristics of the study population. 

Characteristics With IMIDs (n = 323) Without IMIDs (n = 1170) Total (n = 1493) p-Value 
Sex n (%)    0.0036 

Male 138 (42.72) 561 (47.95) 699 (46.82)  
Female 185 (57.28) 609 (52.05) 794 (53.18)  

Age n (%)    0.3802 
18–39 years 123 (38.08) 418 (35.73) 541 (36.24)  
40–59 years 99 (30.65) 407 (34.79) 506 (33.89)  
60–80 years 101 (31.27) 345 (29.49) 446 (29.87)  
Race n (%)    <0.0001 

Non-Hispanic White 179 (55.42) 500 (42.74) 679 (45.48)  
Other 144 (44.58) 670 (57.26) 814 (54.52)  

Diabetes n (%)    0.0885 
Yes 50 (15.48) 175 (14.96) 225 (15.07)  
No 273 (84.52) 995 (85.04) 1268 (84.93)  

Cancer n (%)    0.3135 
Yes 35 (10.84) 103 (8.80) 138 (9.24)  
No 288 (89.16) 1067 (91.20) 1355 (90.76)  

Alcohol n (%)    0.2327 
Yes 246 (76.16) 850 (72.65) 1096 (73.41)  
No 77 (23.84) 320 (27.35) 397 (26.59)  

Smoke n (%)    0.0053 
Yes 162 (50.15) 483 (41.28) 645 (43.20)  
No 161 (49.85) 687 (58.72) 848 (56.80)  
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Table 2. Characteristics of the weighted study population. 

Characteristics With IMIDs 
(n = 43,239,490) 

Without IMIDs 
(n = 149,581,155) Total (n = 192,820,645) 

Sex n (%)    
Male 18,888,243 (43.68%) 78,418,939 (52.43%) 97,307,182 (50.47%) 

Female 24,351,247 (56.32%) 71,162,216 (47.57%) 95,513,463 (49.53%) 
Age n (%)    

18–39 years 17,090,876 (39.53%) 53,074,369 (35.48%) 70,165,245 (36.39%) 
40–59 years 13,385,757 (30.96%) 58,375,226 (39.03%) 71,760,983 (37.22%) 
60–80 years 12,762,857 (29.52%) 38,131,560 (25.49%) 50,894,417 (26.39%) 
Race n (%)    

Non-Hispanic White 31,801,826 (73.55%) 98,485,004 (65.84%) 130,286,830 (67.57%) 
Other 11,437,663 (26.45%) 51,096,151 (34.16%) 62,533,814 (32.43%) 

Diabetes n (%)    
Yes 5,046,312 (11.67%) 17,612,733 (11.77%) 22,659,045 (11.75%) 
No 38,193,178 (88.33%) 131,968,422 (88.23%) 170,161,600 (88.25%) 

Cancer n (%)    
Yes 5,077,300 (11.74%) 15,507,813 (10.37%) 20,585,113 (10.68%) 
No 38,162,190 (88.26%) 134,073,342 (89.63%) 172,235,532 (89.32%) 

Alcohol n (%)    
Yes 34,715,464 (80.29%) 117,647,294 (78.65%) 152,362,758 (79.02%) 
No 8,524,026 (19.71%) 31,933,861 (21.35%) 40,457,887 (20.98%) 

Smoke n (%)    
Yes 21,994,595 (50.87%) 61,877,531 (41.37%) 83,872,126 (43.50%) 
No 21,244,895 (49.13%) 87,703,624 (58.63%) 108,948,519 (56.50%) 

Among the participants with IMIDs, 15.48% had also been diagnosed with diabetes, compared to 14.96% of 
those without IMIDs. The prevalence of cancer was slightly higher in participants with IMIDs (10.84%) than in 
those without (8.80%). In terms of alcohol consumption, 76.16% of patients reported consuming alcohol, 
compared to 72.65% of participants without the composite outcome. Smoking was more common among 
participants with IMIDs, with 50.15% identified as smokers, compared to 41.28% of participants without IMIDs. 

3.2. The Association between Micronutrients with the Prevalence of IMIDs 

First, we performed Spearman correlation analysis to assess pairwise interrelationships among serum 
selenium, total 25-hydroxyvitamin D, and the zinc-to-copper ratio. All pairwise correlation coefficients were weak 
(|r| < 0.2). Selenium exhibited weak positive correlations with vitamin D (r = 0.065, p = 0.012) and the zinc-to-
copper ratio (r = 0.175, p < 0.001), whereas no statistically significant correlation was observed between vitamin 
D and the zinc-to-copper ratio (r = 0.025, p = 0.329). The low magnitude of pairwise correlations supports the 
simultaneous inclusion of these three biomarkers in multivariable regression models. Pairwise correlation 
coefficients and corresponding p-values are provided in Table 3. The association between Se, vitamin D, and the 
Zn/Cu ratio with the prevalence of IMIDs were analyzed using weighted logistic regression. In the covariate 
unadjusted model, serum selenium was significantly inversely associated with the prevalence of IMIDs (OR: 0.561, 
95% CI: 0.361–0.873). However, neither vitamin D (OR: 1.003, 95% CI: 0.996–1.010) nor the Zn/Cu ratio (OR: 
0.761, 95% CI: 0.298–1.948) showed significant associations (Figure 3A). 

Table 3. Pairwise Spearman correlation coefficients among serum selenium, total vitamin D, and zinc-to-copper ratio. 

Variable Serum Se r (p) Serum Vit. D r (p) Serum Zn/Cu Ratio r (p) 
Serum Se — 0.065 (p = 0.012) 0.175 (p < 0.001) 

Serum Vit. D 0.065 (p = 0.012) — 0.025 (p = 0.329) 
Serum Zn/Cu ratio 0.175 (p < 0.001) 0.025 (p = 0.329) — 

After adjusting for demographic covariates such as age, sex, race, Se remain significantly associated with a 
lower prevalence of IMIDs (OR: 0.627, 95% CI: 0.402–0.977). Vitamin D (OR: 1.000, 95% CI: 0.992–1.009) and 
the Zn/Cu ratio (OR: 0.925, 95% CI: 0.335–2.554) continued to show no significant association (Figure 3B). 
Furthermore, after adjustment for all covariates, serum Se, vitamin D, and Zn/Cu ratio no longer exhibited a 
significant inverse association with the prevalence of IMIDs (Figure 3C). RCS analysis demonstrated a linear 
relationship between serum Se levels and the prevalence of IMIDs in both the unadjusted model (p-value for nonlinear 
= 0.546) (Figure 4A) and the adjusted model (p-value for nonlinear = 0.434) (Figure 4B). Overall, selenium showed 
an inverse association with the prevalence of IMIDs in the model without any covariate adjustment. 
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Figure 3. Odds ratios for the association between essential micronutrients and the prevalence of IMIDs estimated 
using weighted logistic regression models. (A) Unadjusted model. (B) Adjusted model using age, sex, race. (C) 
Adjusted model using sex, age, race, smoking status, alcohol consumption, diabetes, and cancer history. Each circle 
represents the odds ratio (OR), and horizontal lines represent 95% confidence intervals. ORs were estimated per 1 
μmol/L increment in serum selenium, per 1 nmol/L increment in total 25(OH)D, and per one-unit increment in 
Zn/Cu ratio, respectively. These exposure increments differ across biomarkers; therefore, effect sizes cannot be 
directly compared visually across rows. IMIDs, immune-mediated inflammatory diseases; OR, odds ratio. 
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Figure 4. The RCS analysis of the association between Se levels and the prevalence of IMIDs. (A) Unadjusted 
model. (B) Adjusted model using sex, age, race, smoking status, alcohol consumption, diabetes, and cancer history. 

3.3. Serum Concentration Strata in Relation to the Prevalence of IMIDs 

To identify serum concentration ranges of essential micronutrients corresponding to the lowest observed 
prevalence of IMIDs, serum vitamin D levels were categorized as deficiency (<30 nmol/L) or sufficiency (≥30 
nmol/L). Serum Se levels were stratified into quartiles, and the composition of participants at each level is 
presented in Table 4, with additional weighted data in Table 5. Weighted logistic regression analysis revealed that 
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Serum selenium concentrations of 1.51–1.65 μmol/L were associated with the lowest observed prevalence of 
IMIDs, and the association was statistically significant (OR: 0.632, 95% CI: 0.438–0.913) (Figure 5A). Notably, 
descriptive analysis showed that the crude proportion of participants with selenium levels > 1.8 μmol/L was 
slightly higher among participants with IMIDs (27.55%) than among those without IMIDs (24.53%). However, 
this minor difference in unadjusted proportions should not be interpreted as evidence of an association between 
higher selenium concentrations and IMIDs. It is primarily driven by the uneven distribution of confounding factors 
(including age, race, and smoking status) across selenium strata. In all regression models, the highest selenium 
quartile consistently had an odds ratio below 1.0 (ranging from 0.7 to 0.8) compared with the lowest quartile, 
confirming that higher selenium levels were not associated with higher prevalence of IMIDs after statistical 
adjustment for confounders. After adjusting for demographic covariates, Se levels in the 1.51–1.65 μmol/L range 
(OR: 0.659, 95% CI: 0.447–0.971) continued to demonstrate the same significant association (Figure 5B). 
Consistent with the above results, after adjusting for all covariates, Se still exhibited an inverse association with 
the prevalence of IMIDs, yet the association was no longer statistically significant (Figure 5C). Notably, sufficient 
serum vitamin D status was inversely associated with the prevalence of IMIDs (Figure 6). Sensitivity analysis was 
performed by excluding diabetes and cancer history from the fully-adjusted model to assess whether the findings 
were sensitive to adjustment for these health conditions, given the cross-sectional nature of the study. The effect 
estimates for serum selenium (both continuous and quartile-based analyses) were nearly identical between the 
primary fully-adjusted model and the sensitivity model. For continuous serum selenium (per 1 μmol/L increment), 
the OR was 0.632 (95% CI 0.370–1.082) in the primary model and 0.635 (95% CI 0.389–1.036) in the sensitivity 
model. Point estimates and confidence intervals for selenium quartiles also remained consistent across models. 
Full results of the sensitivity analysis are presented in Table 6, indicating that our main findings were robust to the 
exclusion of diabetes and cancer history. We further conducted exploratory disease-specific weighted logistic 
regression analyses to examine the associations of serum selenium quartiles with the prevalence of specific IMIDs, 
including asthma, psoriasis, and autoimmune arthritis. Celiac disease was not analyzed separately due to an 
extremely small number of cases (<20), which would result in insufficient statistical precision and unreliable 
estimates. As shown in Table 7, no statistically significant associations were observed between serum selenium 
quartiles and the prevalence of any specific IMIDs after adjustment for sex, race, and smoking status. For asthma, 
the second quartile of selenium showed a non-significant inverse trend (OR: 0.648, 95% CI: 0.408–1.031; p = 
0.0636) compared with the lowest quartile. For psoriasis and autoimmune arthritis, no consistent dose–response 
trends were identified. The lack of significant subtype-specific findings may be largely attributed to the reduced 
sample size and statistical power in stratified analyses. 

Table 4. Distribution of essential micronutrients in the study population. 

Essential Micronutrients With IMIDs (n = 323) Without IMIDs (n = 1170) Total (n = 1493) 
Serum Se concentration n (%)    

<1.51 86 (26.63) 275 (23.50) 361 (24.18) 
1.51–1.65 78 (24.15) 322 (27.52) 400 (26.79) 
1.66–1.80 70 (21.67) 286 (24.44) 356 (23.84) 

>1.80 89 (27.55) 287 (24.53) 376 (25.18) 
Serum Vit. D concentration n (%)    

<30 27 (8.36) 86 (7.35) 113 (7.57) 
≥30 296 (91.64) 1084 (92.65) 1380 (92.43) 

Serum Zn/Cu ratio (Mean ± SD) 0.70 ± 0.21 0.71 ± 0.22 0.71 ± 0.22 

Table 5. Distribution of essential micronutrients in the weighted study population. 

Essential Micronutrients With IMIDs  
(n = 43,239,490) 

Without IMIDs  
(n = 149,581,155) 

Total  
(n = 192,820,645) 

Serum Se concentration n (%)    
<1.51 13,568,975 (31.38%) 34,676,325 (23.18%) 48,245,300 (25.02%) 

1.51–1.65 10,530,198 (24.35%) 42,576,447 (28.46%) 53,106,645 (27.54%) 
1.66–1.80 9,236,303 (21.36%) 36,633,042 (24.49%) 45,869,345 (23.79%) 

>1.80 9,904,014 (22.91%) 35,695,341 (23.86%) 45,599,355 (23.65%) 
Serum Vit. D concentration n (%)    

<30 3,006,230 (6.95%) 6,753,769 (4.52%) 9,759,999 (5.06%) 
≥30 40,233,260 (93.05%) 142,827,386 (95.48%) 183,060,646 (94.94%) 

Serum Zn/Cu ratio    
Mean ± SD 0.72 ± 0.23 0.71 ± 0.21 0.72 ± 0.23 
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Figure 5. Odds ratios for the association between serum Se quartiles and the prevalence of IMIDs estimated using 
weighted logistic regression models. (A) Unadjusted model. (B) Adjusted model using age, sex, race. (C) Adjusted 
model using sex, age, race, smoking status, alcohol consumption, diabetes, and cancer history. ORs are relative to 
the lowest selenium quartile (<1.51 μmol/L, reference group). 

  



Health Metab. 2026, 3(3), 8. https://doi.org/10.53941/hm.2026.100022  

11 of 18 

Table 6. Odds ratios (95% confidence intervals) for the association between serum selenium and the prevalence of 
IMIDs in the primary fully-adjusted model and sensitivity model excluding diabetes and cancer history. 

Variable Primary Fully-Adjusted Model  
OR (95% CI) 

Sensitivity Model (Excluding Diabetes and Cancer)  
OR (95% CI) 

Continuous Se (per 1 μmol/L) 0.632 (0.370–1.082) 0.635 (0.389–1.036) 
Se quartile 1.51–1.65 μmol/L 0.668 (0.409–1.089) 0.670 (0.437–1.026) 
Se quartile 1.66–1.80 μmol/L 0.686 (0.422–1.116) 0.686 (0.448–1.049) 

Se quartile >1.80 μmol/L 0.789 (0.524–1.187) 0.789 (0.543–1.146) 

Table 7. Disease-specific weighted logistic regression analyses of serum selenium quartiles in relation to the 
prevalence of specific IMIDs. 

Serum Selenium Quartiles (μmol/L) 
Asthma 
(n = 241) 

Psoriasis 
(n = 41) 

Autoimmune Arthritis 
(n = 69) 

OR (95% CI) OR (95% CI) OR (95% CI) 
<1.51 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 
1.51–1.65 0.648 (0.408–1.031) 0.519 (0.206–1.305) 2.115 (0.544–8.223) 
1.66–1.80 0.659 (0.389–1.116) 0.732 (0.29–1.846) 2.277 (0.743–6.979) 

>1.80 0.843 (0.522–1.362) 0.487 (0.097–2.45) 1.971 (0.615–6.313) 
Model adjusted for sex, race, and smoking status. Disease-specific subgroup analyses were exploratory in nature. The statistical 
power was limited by the small case count of specific IMIDs, and the results should be interpreted with caution. 

 

Figure 6. Odds ratios for the association between serum 25-hydroxyvitamin D (sufficient vs. insufficient) and the 
prevalence of IMIDs estimated using weighted logistic regression models. Model adjusted for sex, race, and 
smoking status. 

3.4. Probability of Disease Occurrence in Stratified Analysis 

Given the observed inverse association between serum selenium and IMIDs, the prevalence of IMIDs was 
further estimated based on Se concentration quartiles. In the analysis without covariates, the probability of IMIDs 
was 27.89% for serum Se concentrations below 1.51 μmol/L, 19.83% for concentrations between 1.51–1.65 
μmol/L, 20.14% for concentrations between 1.66–1.80 μmol/L, and 21.72% for concentrations exceeding 1.80 
μmol/L (Figure 7A). When demographic covariates were included, the probabilities were 26.80%, 18.85%, 
18.88%, and 20.59%, respectively, for the same quartiles (Figure 7B). Finally, after all covariates were 
incorporated, the corresponding probabilities for the four quartiles were 26.83%, 18.97%, 19.06%, and 20.72%, 
respectively (Figure 7C). 
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Figure 7. The model-based predicted prevalence of IMIDs in each Se quartiles. (A) Unadjusted model. (B) 
Adjusted model using sex, age, race. (C) Adjusted model using sex, age, race, smoking status, alcohol consumption, 
diabetes, and cancer history. Vertical bars denote standard deviation (SD). * p < 0.05, ** p < 0.01. 
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While higher selenium levels were associated with lower odds of IMIDs, descriptive prevalence was slightly 
elevated in the highest selenium quartile relative to the second quartile with the lowest observed prevalence. However, 
restricted cubic spline analyses did not provide statistical evidence for a non-linear dose-response relationship. 

4. Discussion 

IMIDs arise when the immune system malfunctions and mistakenly attacks the body’s own tissues and organs [35]. 
While current treatments including recently emerged antibody drugs are clinically effective, they often come with 
substantial financial costs and potential side effects [36–38]. Given the strong connection between nutrition and 
immune function, identifying nutritional correlates of IMIDs that may inform future prevention and management 
strategies is crucial. 

In this study, we employed weighted binary logistic regression to explore the association between serum levels 
of essential micronutrients and the prevalence of IMIDs. Additionally, we identified data-derived nutrient 
concentration ranges associated with the lowest observed weighted prevalence of these conditions within this dataset, 
generating population-level observational evidence to inform future research on nutritional correlates of IMIDs. Our 
results indicate that elevated serum Se levels are associated with a lower prevalence of IMIDs, with the most 
pronounced inverse association observed at serum selenium concentrations of 1.51–1.65 μmol/L. Of note, the 
significant inverse association persisted after adjusting for demographic covariates with baseline intergroup 
differences, whereas further adjustment for all relevant covariates slightly attenuated the statistical significance. Such 
fluctuations suggest that multi-dimensional demographic, lifestyle, and clinical characteristics jointly influence the 
correlation between serum Se status and IMIDs. Nevertheless, the overall inverse trend remained consistent across 
different analytical models, and the identified optimal Se concentration range still offers important observational 
evidence for understanding the nutritional correlates of IMIDs in general populations. 

Despite this, other essential micronutrients may also be associated with IMIDs. Recent studies have shown 
that vitamin D deficiency is common in individuals with IMIDs conditions such as systemic lupus erythematosus 
and RA [39–41]. Prospective studies indicate that vitamin D supplementation may help reduce the risk of several 
IMIDs [42]. In animal models, vitamin D can ameliorate systemic lupus erythematosus by up-regulating miR-
126a-5p to target GSK-3β [43], and it has also demonstrated improvements in conditions like autoimmune 
encephalomyelitis and autoimmune thyroiditis in mice [44,45]. 

Similarly, redox-relevant trace elements such as zinc and copper are essential for numerous biological 
functions. Metal ions can compete mutually for absorption [30], which is why the Zn/Cu ratio is often used to 
assess nutritional status. Evidence suggests that serum zinc levels are reduced, while copper levels are elevated in 
patients with RA [46]. 

Selenium, well-known for its anti-inflammatory, antioxidant, and thyroid-regulating properties, plays a 
critical role in maintaining human health. Low selenium status has been associated with increased mortality and 
weakened immunity function, while higher selenium levels correlate with a reduced risk of cancer and enhanced 
resistance to viral infections [29]. In our study, selenium was the only micronutrient showing a significant inverse 
association with the prevalence of IMIDs in unadjusted and partially adjusted models. These findings highlight 
that lower serum selenium status was associated with higher odds of prevalent IMIDs in this study population. It 
is important to note that selenium status varies considerably across geographic regions, with differing thresholds 
required to define deficiency (Table 8) [47–53]. This underscores the need for updated, region-specific criteria for 
assessing selenium sufficiency. Our quantile analysis identified serum selenium concentrations between 1.51 and 
1.65 μmol/L as the interval with the lowest observed prevalence corresponding to the lowest observed prevalence 
of IMIDs. Based on our analysis, this range corresponds to the lowest prevalence of IMIDs conditions, reinforcing 
the potential relevance of adequate selenium status in immune-mediated inflammatory conditions. 

Selenium exerts its biological effects in both organic and inorganic forms [54], influencing multiple systems, 
including the central nervous system, male reproductive system, endocrine system, muscle function, 
cardiovascular system, and immune system [55]. Previous studies have found a positive correlation between serum 
selenium levels and selenoproteins, which serve as biomarkers for autoimmune thyroiditis [14] and RA [56]. 
Animal studies have further demonstrated that selenium supplementation can alleviate symptoms of systemic lupus 
erythematosus and extend lifespan by inhibiting the activation, differentiation, and maturation of B cells and 
macrophages [57]. However, excessive selenium intake can be toxic. For example, a clinical trial reported an 
increased risk of all-cause mortality with high selenium intake (300 μg/d) [58]. Our findings align with these 
observations, emphasizing that while higher serum selenium status was observationally associated with lower 
prevalence of IMIDs, excessive intake could be detrimental. This underscores the importance of tailored selenium 
supplementation, particularly in regions where selenium deficiency is prevalent, such as northeast to south-central 
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China, Central Serbia, Poland, and Ethiopia [59–62]. In such areas, dietary intake should be augmented through 
selenium-containing supplements or selenium-rich foods, including sea salts, selenium-enriched eggs, giblets, 
selenium-enriched yeast, bread, mushrooms, garlic, asparagus, and kohlrabi [63], to support optimal immune 
function. Conversely, in regions with abundant selenium, such as Wyoming, North and South Dakota in the USA, 
Enshi in China, and parts of Ireland, Colombia and Venezuela [60], it is essential to avoid excessive intake to 
prevent toxicity and associated adverse effects. 

Table 8. Selenium levels (dietary intake and blood) guidelines of different organization. 

Parameters Institute Basis Reference 
Dietary selenium intake 
(μg/day)    

50–200 for adults WHO Estimated Safe and Adequate Daily 
Dietary Intake proposed in 1980 [47] 

70 for men 
65 for women Australian dietary guidelines Recommendation of respective 

institutions in Australia and New Zealand [48] 

45–55 for adults 
20–30 for children 
60 for pregnancy 
70 for lactation 

Institute of Medicine (US) Panel on Dietary 
Antioxidants and Related Compounds 

Animal models, intervention studies and 
observational studies [49] 

70 for men 
60 for women 
10–15 for infants 
75 for lactation 

Nutrition societies of Germany, Austria and 
Switzerland 

The saturation of selenoprotein P in 
plasma [50] 

Selenium in blood 
(μmol/L)    

Healthy range: 0.9–1.65 Eastbourne District General Hospital & 
Conquest Hospital Ratified by Clinical Biochemistry Team [51] 

Deficiency: <0.94 Cantonal Hospital Aarau Laboratory [52] 
Deficiency: <0.75 CHU de Grenoble A European group of scientists [53] 

The strengths of this study include its representative population sample and the systematic evaluation of 
multiple redox-relevant essential micronutrients, as well as the exploration of serum concentration ranges 
associated with the lowest observed prevalence of IMIDs. However, it is important to acknowledge several 
limitations. First, as a cross-sectional study based on the NHANES database, our findings can only demonstrate 
observational associations and cannot establish causal relationships between micronutrient status and IMIDs. 
Further prospective cohort studies and mechanistic experiments are warranted to validate our findings. Second, 
the relatively modest sample size limits the statistical precision of effect estimates, particularly for disease-specific 
subgroup analyses. Celiac disease was not analyzed separately due to an extremely small case count (<20). For 
other subtypes including asthma, psoriasis, and autoimmune arthritis, the reduced number of cases further 
diminished the statistical power to detect potential subtype-specific associations. Accordingly, all disease-specific 
results presented in this study should be interpreted as exploratory and hypothesis-generating rather than 
conclusive evidence. 

Third, some variables such as disease status and lifestyle factors were collected via self-report, which may 
introduce recall bias and misclassification to a certain extent. Fourth, we did not conduct dedicated analyses exploring 
pairwise correlations between IMIDs and other prevalent chronic conditions such as obesity, dyslipidaemia and 
ventilatory dysfunction. Finally, regional differences in dietary patterns, selenium nutritional status, and disease 
prevalence may limit the generalizability of our findings to populations outside the United States. 

Moreover, we adopted a complete-case analysis by excluding participants with missing data, which might 
cause potential selection bias. Multiple statistical tests across different models and micronutrient analyses might 
inflate the risk of type I error, and the findings should be interpreted as exploratory. Furthermore, small sample 
sizes in certain disease subgroups might reduce statistical precision, even though NHANES survey weights were 
strictly applied in our analysis. 

5. Conclusions 

In summary, our study systematically evaluated the associations of three redox-relevant essential 
micronutrients with the prevalence of IMIDs in a nationally representative sample of US adults. Serum selenium 
showed a trend toward an inverse association with the prevalence of IMIDs: the association was statistically 
significant in the crude unadjusted model and in the model adjusted for demographic covariates, but was attenuated 
and no longer statistically significant in the fully adjusted model accounting for additional lifestyle and 
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comorbidity covariates. Serum selenium concentrations in the range of 1.51–1.65 μmol/L corresponded to the 
lowest observed prevalence of IMIDs. No statistically significant associations were observed for vitamin D or the 
zinc-to-copper ratio in either crude or adjusted models. 

These findings provide population-level observational clues for the potential link between selenium status 
and IMIDs, and generate testable hypotheses for subsequent research. Our results underscore the need for further 
large-scale prospective cohort studies and mechanistic investigations to clarify the role of selenium in immune 
function and the development of immune-mediated inflammatory conditions. 

Author Contributions: The authors’ responsibilities were as follows—S.T.: Data curation, formal analysis, visualization, 
writing—original draft, writing—review & editing; M.A.A.: Formal analysis, writing—original draft; B.W.: Data curation; 
X.Z.: Writing—review & editing; J.W.: Methodology, validation, supervision, writing—review & editing; J.Q.: Resources; 
Q.Z.: Conceptualization, supervision, project administration, resources, writing—review & editing. All authors have read and 
agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: The NHANES survey protocol was reviewed and approved by the NCHS Research Ethics 
Review Board, and all survey participants provided written informed consent. This study is a secondary analysis of publicly 
released de-identified NHANES datasets. Since all personal identifiers were removed from the publicly available data, no 
further ethics approval or participant informed consent was needed for the current analysis. 

Data Availability Statement: Data described in the article, code book are publicly and freely available without restriction at 
https://www.cdc.gov/nchs/nhanes/index.htm. Custom analytic code used in the present study is available from the 
corresponding author upon reasonable request. 

Conflicts of Interest: The authors declare no conflict of interest. 

Use of AI and AI-Assisted Technologies: No AI tools were utilized for this paper. 

References 

1. Cuthrell, K.M.; Tzenios, N.; Umber, J. Burden of Autoimmune Disorders: A review. Asian J. Immunol. 2022, 6, 1–13. 
2. Gutierrez-Arcelus, M.; Rich, S.S.; Raychaudhuri, S. Autoimmune diseases—connecting risk alleles with molecular traits 

of the immune system. Nat. Rev. Genet. 2016, 17, 160–174. https://doi.org/10.1038/nrg.2015.33. 
3. Miller, F.W. The increasing prevalence of autoimmunity and autoimmune diseases: An urgent call to action for improved 

understanding, diagnosis, treatment, and prevention. Curr. Opin. Immunol. 2023, 80, 102266. 
https://doi.org/10.1016/j.coi.2022.102266. 

4. Conrad, N.; Misra, S.; Verbakel, J.Y.; Verbeke, G.; Molenberghs, G.; Taylor, P.N.; Mason, J.; Sattar, N.; McMurray, 
J.J.V.; McInnes, I.B.; et al. Incidence, prevalence, and co-occurrence of autoimmune disorders over time and by age, sex, 
and socioeconomic status: A population-based cohort study of 22 million individuals in the UK. Lancet 2023, 401, 1878–
1890. https://doi.org/10.1016/s0140-6736(23)00457-9. 

5. Wang, L.; Wang, F.S.; Gershwin, M.E. Human autoimmune diseases: A comprehensive update. J. Intern. Med. 2015, 
278, 369–395. https://doi.org/10.1111/joim.12395. 

6. Schett, G.; Nagy, G.; Krönke, G.; et al. B-cell depletion in autoimmune diseases. Ann. Rheum. Dis. 2024, 83, 1409–1420. 
https://doi.org/10.1136/ard-2024-225727. 

7. Ren, H.M.; Lukacher, A.E.; Rahman, Z.S.M.; Olsen, N.J. New developments implicating IL-21 in autoimmune disease. 
J. Autoimmun. 2021, 122, 102689. https://doi.org/10.1016/j.jaut.2021.102689. 

8. Dinarello, C.A. Anti-inflammatory Agents: Present and Future. Cell 2010, 140, 935–950. 
https://doi.org/10.1016/j.cell.2010.02.043. 

9. Martínez-Mateu, S.H.; Guillén, Y.; Angelats, E.; López-Lasanta, M.A.; Madonna, S.; Jiménez-Gracia, L.; Rodriguez-
Nunez, I.; Álvarez-Errico, D.; Aterido, A.; Tortosa, R.; et al. Uncovering combination therapies for immune-mediated 
inflammatory diseases through systems biology analysis on longitudinal patient data. Cell Rep. Med. 2026, 103026. 
https://doi.org/10.1016/j.xcrm.2026.103026. 

10. Koekkoek, K.W.A.; Berger, M.M. An update on essential micronutrients in critical illness. Curr. Opin. Crit. Care 2023, 
29, 315–329. https://doi.org/10.1097/mcc.0000000000001062. 

11. Gombart, A.F.; Pierre, A.; Maggini, S. A Review of Micronutrients and the Immune System–Working in Harmony to 
Reduce the Risk of Infection. Nutrients 2020, 12, 236. https://doi.org/10.3390/nu12010236. 

12. Zhang, Y.; Roh, Y.J.; Han, S.J.; Park, I.; Lee, H.M.; Ok, Y.S.; Lee, B.C.; Lee, S.R. Role of Selenoproteins in Redox Regulation 
of Signaling and the Antioxidant System: A Review. Antioxidants 2020, 9, 383. https://doi.org/10.3390/antiox9050383. 

13. Schomburg, L. Selenium Deficiency Due to Diet, Pregnancy, Severe Illness, or COVID-19—A Preventable Trigger for 
Autoimmune Disease. Int. J. Mol. Sci. 2021, 22, 8532. https://doi.org/10.3390/ijms22168532. 



Health Metab. 2026, 3(3), 8. https://doi.org/10.53941/hm.2026.100022  

16 of 18 

14. Vaivode, I.; Zake, T.; Strele, I.; Upmale-Engela, S.; Gogins, D.; Gersone, G.; Skesters, A.; Dambrova, M.; Konrade, I. 
Stress-Related Immune Response and Selenium Status in Autoimmune Thyroid Disease Patients. Int. J. Mol. Sci. 2023, 
24, 2440. https://doi.org/10.3390/ijms24032440. 

15. Wang, P.; Chen, B.; Huang, Y.; Li, J.; Cao, D.; Chen, Z.; Li, J.; Ran, B.; Yang, J.; Wang, R.; et al. Selenium intake and 
multiple health-related outcomes: An umbrella review of meta-analyses. Front. Nutr. 2023, 10, 1263853. 
https://doi.org/10.3389/fnut.2023.1263853. 

16. Diotallevi, F.; Campanati, A.; Martina, E.; Radi, G.; Paolinelli, M.; Marani, A.; Molinelli, E.; Candelora, M.; Taus, M.; 
Galeazzi, T.; et al. The Role of Nutrition in Immune-Mediated, Inflammatory Skin Disease: A Narrative Review. 
Nutrients 2022, 14, 591. https://doi.org/10.3390/nu14030591. 

17. Andersen, C.J.; Greco, J.M. Nutritional implications for the pathophysiology and treatment of autoimmune disorders. In 
Translational Autoimmunity; Elsevier: Amsterdam, The Netherlands, 2022; pp. 243–267. https://doi.org/10.1016/b978-
0-12-824390-9.00003-7. 

18. Aranow, C. Vitamin D and the immune system. J. Investig. Med. 2011, 59, 881–886. 
https://doi.org/10.2310/jim.0b013e31821b8755. 

19. Harrison, S.R.; Li, D.; Jeffery, L.E.; Raza, K.; Hewison, M. Vitamin D, Autoimmune Disease and Rheumatoid Arthritis. 
Calcif. Tissue Int. 2020, 106, 58–75. https://doi.org/10.1007/s00223-019-00577-2. 

20. Ao, T.; Kikuta, J.; Ishii, M. The Effects of Vitamin D on Immune System and Inflammatory Diseases. Biomolecules 2021, 
11, 1624. https://doi.org/10.3390/biom11111624. 

21. Sanlier, N.; Guney-Coskun, M. Vitamin D, the immune system, and its relationship with diseases. Egypt. Pediatr. Assoc. 
Gaz. 2022, 70, 39. https://doi.org/10.1186/s43054-022-00135-w. 

22. Ahsan, N.; Imran, M.; Mohammed, Y.; Al Anouti, F.; Khan, M.I.; Banerjee, T.; Adnan, M.; Ashfaq, F.; Kieliszek, M.; 
Ashraf, S.A.; et al. Mechanistic Insight into the role of Vitamin D and Zinc in Modulating Immunity Against COVID-
19: A View from an Immunological Standpoint. Biol. Trace Elem. Res. 2023, 201, 5546–5560. 
https://doi.org/10.1007/s12011-023-03620-4. 

23. Lupu, V.V.; Jechel, E.; Mihai, C.M.; Mitrofan, E.C.; Lupu, A.; Starcea, I.M.; Fotea, S.; Mocanu, A.; Ghica, D.C.; 
Mitrofan, C.; et al. Connection between Celiac Disease and Systemic Lupus Erythematosus in Children—A Development 
Model of Autoimmune Diseases Starting from What We Inherit to What We Eat. Nutrients 2023, 15, 2535. 
https://doi.org/10.3390/nu15112535. 

24. Pouresmaeil, V.; Al Abudi, A.H.; Mahimid, A.H.; Sarafraz Yazdi, M.; Es-haghi, A. Evaluation of Serum Selenium and 
Copper Levels with Inflammatory Cytokines and Indices of Oxidative Stress in Type 2 Diabetes. Biol. Trace Elem. Res. 
2023, 201, 617–626. https://doi.org/10.1007/s12011-022-03191-w. 

25. Moskalev, A.A. Molecular Biomarkers of Aging for Preventive Medicine. Bull. Rehabil. Med. 2017, 16, 18–29. 
26. National Health and Nutrition Examination Survey 2013–2014 Data Documentation, Codebook, and Frequencies. 

Available online: https://wwwn.cdc.gov/Nchs/Data/Nhanes/Public/2013/DataFiles/DEMO_H.htm (accessed on 23 
September 2026). 

27. National Institutes of Health. Selenium: Health Professional Fact Sheet. Available online: 
https://ods.od.nih.gov/factsheets/Selenium-HealthProfessional/ (accessed on 23 September 2026). 

28. National Health and Nutrition Examination Survey 2013–2014. Available online: 
https://www.cdc.gov/nchs/nhanes/index.html (accessed on 23 September 2026). 

29. Rayman, M.P. Selenium and human health. Lancet 2012, 379, 1256–1268. https://doi.org/10.1016/s0140-6736(11)61452-9. 
30. Rolić, T.; Yazdani, M.; Mandić, S.; Distante, S. Iron Metabolism, Calcium, Magnesium and Trace Elements: A Review. 

Biol. Trace Elem. Res. 2025, 203, 2216–2225. https://doi.org/10.1007/s12011-024-04289-z. 
31. Zuo, S.; Liu, M.; Liu, Y.; Xu, S.; Zhong, X.; Qiu, J.; Qin, D.; Tan, R.; Liu, Y. Association Between the Blood Copper-

Zinc (Cu/Zn) Ratio and Anemia in Patients Undergoing Maintenance Hemodialysis. Biol. Trace Elem. Res. 2022, 200, 
2629–2638. https://doi.org/10.1007/s12011-021-02888-8. 

32. Holick, M.F.; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Murad, M.H.; Weaver, 
C.M. Evaluation, treatment, and prevention of vitamin D deficiency: An Endocrine Society clinical practice guideline. J. 
Clin. Endocrinol. Metab. 2011, 96, 1911–1930. https://doi.org/10.1210/jc.2011-0385. 

33. McInnes, I.B.; Gravallese, E.M. Immune-mediated inflammatory disease therapeutics: Past, present and future. Nat. Rev. 
Immunol. 2021, 21, 680–686. https://doi.org/10.1038/s41577-021-00603-1. 

34. Syed, U.; Subramanian, A.; Wraith, D.C.; Lord, J.M.; McGee, K.; Ghokale, K.; Nirantharakumar, K.; Haroon, S. 
Incidence of immune-mediated inflammatory diseases following COVID-19: A matched cohort study in UK primary 
care. BMC Med. 2023, 21, 363. https://doi.org/10.1186/s12916-023-03049-5. 

35. Bieber, K.; Hundt, J.E.; Yu, X.; Ehlers, M.; Petersen, F.; Karsten, C.M.; Köhl, J.; Kridin, K.; Kalies, K.; Kasprick, A.; et 
al. Autoimmune pre-disease. Autoimmun. Rev. 2023, 22, 103236. https://doi.org/10.1016/j.autrev.2022.103236. 



Health Metab. 2026, 3(3), 8. https://doi.org/10.53941/hm.2026.100022  

17 of 18 

36. Abdel-Wahab, N.; Shah, M.; Lopez-Olivo, M.A.; Suarez-Almazor, M.E. Use of Immune Checkpoint Inhibitors in the 
Treatment of Patients with Cancer and Preexisting Autoimmune Disease: A Systematic Review. Ann. Intern. Med. 2018, 
168, 121–130. https://doi.org/10.7326/m17-2073. 

37. Jamilloux, Y.; El Jammal, T.; Vuitton, L.; Gerfaud-Valentin, M.; Kerever, S.; Sève, P. JAK inhibitors for the treatment of 
autoimmune and inflammatory diseases. Autoimmun. Rev. 2019, 18, 102390. https://doi.org/10.1016/j.autrev.2019.102390. 

38. Leone, G.M.; Mangano, K.; Petralia, M.C.; Nicoletti, F.; Fagone, P. Past, Present and (Foreseeable) Future of Biological 
Anti-TNF Alpha Therapy. J. Clin. Med. 2023, 12, 1630. https://doi.org/10.3390/jcm12041630. 

39. Ishikawa, L.L.W.; Colavite, P.M.; Fraga-Silva, T.F.D.C.; Mimura, L.A.N.; França, T.G.D.; Zorzella-Pezavento, S.F.G.; 
Chiuso-Minicucci, F.; Marcolino, L.D.; Penitenti, M.; Ikoma, M.R.V.; et al. Vitamin D Deficiency and Rheumatoid 
Arthritis. Clin. Rev. Allergy Immunol. 2017, 52, 373–388. https://doi.org/10.1007/s12016-016-8577-0. 

40. Czarnywojtek, A.; Florek, E.; Pietrończyk, K.; Sawicka-Gutaj, N.; Ruchała, M.; Ronen, O.; Nixon, I.J.; Shaha, A.R.; 
Rodrigo, J.P.; Tufano, R.P.; et al. The Role of Vitamin D in Autoimmune Thyroid Diseases: A Narrative Review. J. Clin. 
Med. 2023, 12, 1452. https://doi.org/10.3390/jcm12041452. 

41. Maryam, S.; Atabati, E.; Yalda, R. Comparison of Vitamin D Serum Values between Rheumatoid Arthritis and Lupus 
Populations: An Observational Study. Open Rheumatol. J. 2018, 12, 65–69. https://doi.org/10.2174/1874312901812010065. 

42. Hahn, J.; Cook, N.R.; Alexander, E.K.; Friedman, S.; Walter, J.; Bubes, V.; Kotler, G.; Lee, I.M.; Manson, J.E.; 
Costenbader, K.H. Vitamin D and marine omega 3 fatty acid supplementation and incident autoimmune disease: VITAL 
randomized controlled trial. BMJ 2022, 376, e066452. https://doi.org/10.1136/bmj-2021-066452. 

43. Zou, M.; Song, Q.; Yin, T.; et al. Vitamin D Activates miR-126a-5p to Target GSK-3β and Alleviates Systemic Lupus 
Erythematosus in MRL/LPR Mice. Curr. Pharm. Biotechnol. 2023, 24, 1803–1811. 
https://doi.org/10.2174/1389201024666230330075550. 

44. Zhang, Q.; He, X.; Chen, W.; Jiu, J.; Gao, C.; Gao, T. Vitamin D3 attenuates autoimmune thyroiditis by regulating Th17/Treg 
cell differentiation via YAP/JAK1/STAT1 axis. Immunol. Lett. 2024, 269, 106890. https://doi.org/10.1016/j.imlet.2024.106890. 

45. Mimura, L.A.N.; Fraga-Silva, T.F.D.C.; Oliveira, L.R.C.D.; Ishikawa, L.L.W.; Borim, P.A.; Machado, C.D.M.; Júnior, 
J.D.A.D.C.E.H.; Fonseca, D.M.D.; Sartori, A. Preclinical Therapy with Vitamin D3 in Experimental Encephalomyelitis: 
Efficacy and Comparison with Paricalcitol. Int. J. Mol. Sci. 2021, 22, 1914. https://doi.org/10.3390/ijms22041914. 

46. Ullah, Z.; Ullah, M.I.; Hussain, S.; Kaul, H.; Lone, K.P. Determination of Serum Trace Elements (Zn, Cu, and Fe) in Pakistani 
Patients with Rheumatoid Arthritis. Biol. Trace Elem. Res. 2017, 175, 10–16. https://doi.org/10.1007/s12011-016-0746-8. 

47. World Health Organization. Trace Elements in Human Nutrition and Health; World Health Organization: Geneva, 
Switzerland, 1996. 

48. Selenium. Available online: https://www.eatforhealth.gov.au/nutrient-reference-values/nutrients/selenium (accessed on 23 
September 2026). 

49. Institute of Medicine (US). Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids (2000); 
National Academy Press: Washington, DC, USA, 2000; pp. 325–382. https://doi.org/10.17226/9810. 

50. Kipp, A.P.; Strohm, D.; Brigelius-Flohé, R.; Schomburg, L.; Bechthold, A.; Leschik-Bonnet, E.; Heseker, H. Revised reference 
values for selenium intake. J. Trace Elem. Med. Biol. 2015, 32, 195–199. https://doi.org/10.1016/j.jtemb.2015.07.005. 

51. Fuggle, S. Clinical biochemistry reference ranges handbook. East. Sussex Healthc. 2018, 10, 1–18. 
52. Voelkle, M.; Gregoriano, C.; Neyer, P.; Koch, D.; Kutz, A.; Bernasconi, L.; Conen, A.; Mueller, B.; Schuetz, P. 

Prevalence of Micronutrient Deficiencies in Patients Hospitalized with COVID-19: An Observational Cohort Study. 
Nutrients 2022, 14, 1862. https://doi.org/10.3390/nu14091862. 

53. Arnaud, J.; Bertrais, S.; Roussel, A.M.; Arnault, N.; Ruffieux, D.; Favier, A.; Berthelin, S.; Estaquio, C.; Galan, P.; 
Czernichow, S.; et al. Serum selenium determinants in French adults: The SU.VI.M.AX study. Br. J. Nutr. 2006, 95, 
313–320. https://doi.org/10.1079/bjn20051528. 

54. Schomburg, L. Selenoprotein P—Selenium transport protein, enzyme and biomarker of selenium status. Free Radic. Biol. 
Med. 2022, 191, 150–163. https://doi.org/10.1016/j.freeradbiomed.2022.08.022. 

55. Avery, J.; Hoffmann, P. Selenium, Selenoproteins, and Immunity. Nutrients 2018, 10, 1203. 
https://doi.org/10.3390/nu10091203. 

56. Guan, T.; Wu, Z.; Xu, C.; Su, G. The association of trace elements with arthritis in US adults: NHANES 2013–2016. J. 
Trace Elem. Med. Biol. 2023, 76, 127122. https://doi.org/10.1016/j.jtemb.2022.127122. 

57. Soni, C.; Sinha, I.; Fasnacht, M.J.; Olsen, N.J.; Rahman, Z.S.M.; Sinha, R. Selenium supplementation suppresses 
immunological and serological features of lupus in B6.Sle1b mice. Autoimmunity 2019, 52, 57–68. 
https://doi.org/10.1080/08916934.2019.1603297. 

58. Rayman, M.P.; Winther, K.H.; Pastor-Barriuso, R.; Cold, F.; Thvilum, M.; Stranges, S.; Guallar, E.; Cold, S. Effect of 
long-term selenium supplementation on mortality: Results from a multiple-dose, randomised controlled trial. Free Radic. 
Biol. Med. 2018, 127, 46–54. https://doi.org/10.1016/j.freeradbiomed.2018.02.015. 



Health Metab. 2026, 3(3), 8. https://doi.org/10.53941/hm.2026.100022  

18 of 18 

59. Ambroziak, U.; Hybsier, S.; Shahnazaryan, U.; Krasnodębska-Kiljańska, M.; Rijntjes, E.; Bartoszewicz, Z.; Bednarczuk, 
T.; Schomburg, L. Severe selenium deficits in pregnant women irrespective of autoimmune thyroid disease in an area 
with marginal selenium intake. J. Trace Elem. Med. Biol. 2017, 44, 186–191. https://doi.org/10.1016/j.jtemb.2017.08.005. 

60. Haug, A.; Graham, R.D.; Christophersen, O.A.; Lyons, G.H. How to use the world's scarce selenium resources efficiently 
to increase the selenium concentration in food. Microb. Ecol. Health Dis. 2007, 19, 209–228. 
https://doi.org/10.1080/08910600701698986. 

61. Jia, Y.; Han, S.; Hou, J.; Wang, R.; Li, G.; Su, S.; Qi, L.; Wang, Y.; Du, L.; Sun, H.; et al. Spatial Epidemiological 
Analysis of Keshan Disease in China. Ann. Glob. Health 2022, 88, 79. https://doi.org/10.5334/aogh.3836. 

62. Yang, C.; Yao, H.; Wu, Y.; Sun, G.; Yang, W.; Li, Z.; Shang, L. Status and risks of selenium deficiency in a traditional selenium-
deficient area in Northeast China. Sci. Total Environ. 2021, 762, 144103. https://doi.org/10.1016/j.scitotenv.2020.144103. 

63. Kieliszek, M. Selenium–Fascinating Microelement, Properties and Sources in Food. Molecules 2019, 24, 1298. 
https://doi.org/10.3390/molecules24071298. 


	1. Introduction
	2. Methods
	2.1. Study Population
	2.2. Essential Micronutrients in Serum
	2.3. Immune-Mediated Inflammatory Diseases Survey
	2.4. Covariables
	2.5. Statistical Analysis

	3. Results
	3.1. Population Characteristics
	3.2. The Association between Micronutrients with the Prevalence of IMIDs
	3.3. Serum Concentration Strata in Relation to the Prevalence of IMIDs
	3.4. Probability of Disease Occurrence in Stratified Analysis

	4. Discussion
	5. Conclusions
	References

