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The Magnesium Depletion Score (MDS) is a practical tool used to assess magnesium deficiency. Studies 
have indicated that MDS is associated with various urological conditions, such as kidney stones and 
the prognosis of chronic kidney disease. However, the relationship between MDS and prostate cancer 
(PCa) remains unclear. Therefore, this study aims to investigate the association between MDS and PCa. 
This study conducted a cross-sectional analysis of 16,043 participants from the 2005–2018 NHANES 
database. Subgroup analysis, restricted cubic splines (RCS), and multivariable logistic regression were 
employed to examine the association between MDS and the prevalence of PCa. A total of 16,043 
participants were included in this study, of whom 511 had PCa. After adjusting for all variables using 
multivariable logistic regression, each 1-unit increase in MDS was associated with a 26% higher 
prevalence of PCa (OR = 1.26, 95% CI: 1.05, 1.50). Additionally, compared to an MDS of 0, an MDS of 
3 or higher was associated with a 3.04-fold increase in PCa prevalence (OR = 3.04, 95% CI: 1.53, 6.01). 
RCS analysis demonstrated a significant linear positive correlation between MDS and PCa prevalence. 
Subgroup analysis indicated that the positive association between MDS and PCa was generally 
consistent across different population groups. This study indicates a significant association between 
MDS and the risk of PCa, with higher MDS linked to an increased prevalence of PCa. These findings 
highlight the potential role of MDS in PCa. Further research is needed to determine whether a causal 
relationship exists between MDS and PCa, which would help assess the appropriateness of potential 
interventions.
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Prostate cancer (PCa) is one of the most common cancers among men in the United States. According to the 
American Cancer Society, approximately 1.9 million new cancer cases are expected in the U.S. in 2024, with 
prostate cancer accounting for 29%, making it the most prevalent cancer among men1. As the global population 
ages and lifestyle patterns change, the incidence and mortality rates of prostate cancer continue to rise annually. 
PCa has become a major public health concern, posing significant disease and economic burdens on society, 
families, and individuals2. The development of prostate cancer is a complex, multi-stage process likely influenced 
by a combination of factors, including genetic predisposition, lifestyle, and environmental exposures3. However, 
current evidence and the number of well-established risk factors remain limited.

Magnesium ions (Mg²⁺) are essential divalent cations in the human body, playing a critical role in maintaining 
cellular function and physiological homeostasis4. Magnesium is involved in various physiological processes, 
including nerve conduction, muscle contraction, cardiovascular function, energy metabolism, and the synthesis 
of proteins and nucleic acids5. Deficiency or metabolic dysregulation of magnesium has been linked to the 
development of numerous diseases6. Recently, a research team from the University of Basel, Switzerland, 
reported in Cell that magnesium influences tumor immunity by regulating cytotoxic T lymphocytes (CD8 + T 
cells), suggesting that magnesium levels are closely related to tumorigenesis7. Furthermore, magnesium plays a 
critical role in maintaining genomic stability and regulating apoptosis, with its deficiency potentially increasing 
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genetic instability and promoting tumorigenesis8. For example, the study by Dai and colleagues demonstrated 
that total magnesium intake is significantly associated with a reduced risk of colorectal adenoma9. Despite this, 
the relationship between magnesium levels and PCa incidence remains complex and not fully understood. 
Moreover, most existing studies exploring this relationship have used serum magnesium as the primary indicator 
of magnesium status in the body10.

The Magnesium Tolerance Test (MTT) is widely regarded as the most reliable method for assessing overall 
magnesium levels and tolerance11. However, its clinical utility is limited by its invasive and cumbersome nature, 
requiring intravenous magnesium administration followed by 24-hour urine collection to measure magnesium 
excretion. Some studies have shown that the magnesium depletion score (MDS) has been used in depression12, 
COPD13, Parkinson’s disease14, periodontitis15 and metabolic dysfunction associated steatotic liver disease 
(MASLD)16. MDS is a composite score based on four risk factors—diuretic use, proton pump inhibitor (PPI) 
use, alcohol consumption, and declining kidney function—providing a more accurate assessment of systemic 
magnesium levels compared to serum and urine magnesium concentrations17. A higher MDS indicates a more 
severe magnesium deficiency. MDS has been associated with certain urological conditions, including the 
occurrence of kidney stones18 and long-term mortality in chronic kidney disease19. However, studies evaluating 
the relationship between MDS and the risk of PCa remain limited. Given the high prevalence of prostate cancer 
and its substantial impact on men’s health, investigating whether magnesium depletion could increase the risk of 
prostate cancer is of significant importance. This study aims to explore the association between the Magnesium 
Depletion Score (MDS) and prostate cancer, providing new insights into the relationship between magnesium 
status and tumorigenesis.

Therefore, to determine the association between MDS and the risk of PCa in the U.S. population, we utilized 
data from the 2005–2018 National Health and Nutrition Examination Survey (NHANES) cycles for the first 
time. These findings may offer new strategies for the prevention and treatment of prostate cancer in clinical 
practice.

Methods
Study participants
The National Health and Nutrition Examination Survey (NHANES) is a continuous, stratified, multi-stage 
sampling program designed to assess the health and nutritional status of adults and children in the United 
States. It provides comprehensive data on various aspects of health and nutrition. Each year, NHANES conducts 
a nationally representative sampling of approximately 5,000 individuals, consisting of interviews and physical 
examinations20. The interview component collects demographic, socioeconomic, dietary, and health-related 
information, while the physical examination includes physiological measurements and laboratory tests. 
Written informed consent is obtained from each participant. As such, NHANES offers high-quality, nationally 
representative data suitable for determining disease prevalence and risk factors. The NHANES program 
is reviewed and approved by the Research Ethics Review Board of the National Center for Health Statistics 
(NCHS). This study was conducted in accordance with the Declaration of Helsinki (2013 revision).

We used NHANES data from 2005 to 2018 (7 cycles) for male participants, which included relevant 
information on prostate cancer and MDS. Exclusion criteria were: (I) female participants (n = 20,499) and those 
aged < 20 years (n = 30,441); (II) incomplete MDS data (n = 2,106); and (III) missing data on prostate cancer 
(n = 1,101). Ultimately, 16,043 individuals were eligible for analysis (Fig. 1).

Outcome assessment
NHANES utilizes self-administered questionnaires to collect information regarding the presence of prostate 
cancer. A survey question, “Have you ever been told by a doctor or health professional that you have prostate 
cancer?” is used to determine the respondents’ prostate health status. Participants who answered “yes” were 
classified as having prostate cancer, while those who declined to answer or responded “don’t know” were 
excluded from the analysis21–23.

Exposure variable
The Magnesium Depletion Score (MDS) predicts magnesium deficiency by assessing the kidneys’ ability to 
reabsorb magnesium, calculated by summing scores from four risk factors24: (1) Current Diuretic Use: 1 point 
for “yes,” 0 points for “no.“. (2) Current Proton Pump Inhibitor (PPI) Use: 1 point for “yes,” 0 points for “no.“. (3) 
Kidney Function: Estimated glomerular filtration rate (eGFR) ≥ 90 mL/min/1.73 m² receives 0 points; eGFR < 90 
but ≥ 60 mL/min/1.73 m² receives 1 point; eGFR < 60 mL/min/1.73 m² receives 2 points. (4) Heavy Alcohol 
Consumption: Defined as more than two drinks per day for men and more than one drink per day for women, 
receiving 1 point. All other drinking habits (never, rarely, lightly, moderately) receive 0 points. In-home face-to-
face interviews were used to collect self-reported intake of diuretics and proton pump inhibitors throughout the 
previous 30 days. The eGFR was calculated using the 2021 Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equations. 25,26. Each component contributes to the overall score, reflecting the severity of magnesium 
deficiency. Due to the small sample sizes for total scores of 3, 4, and 5, participants were categorized into four 
groups: 0, 1, 2, and ≥ 3. This classification is consistent with previous research27.

Covariables
The covariates in this study included age, race, marital status, educational attainment, poverty income ratio 
(PIR), obesity, smoking, alcohol consumption, physical activity, hypertension, diabetes, and self-reported 
hypercholesterolemia. For detailed information regarding these covariates, please refer to Table S1.
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Statistical analysis
To ensure that the data were representative of the national population, all analyses incorporated sampling weights. 
The weight variable used in our study was “WTMEC2YR,” and new weights for the period from 2005 to 2018 
were calculated as 1/7 × “WTMEC2YR.” Continuous variables are presented as means ± standard deviation (SD), 
while categorical variables are expressed as frequencies (percentages). The weighted t-test was used to compare 
continuous variables, and the weighted chi-square test was employed for categorical variables. Weighted logistic 
regression was utilized to explore the relationship between MDS and PCa. Three logistic regression models 
were established: Model 1 was unadjusted for potential confounding factors; Model 2 adjusted for covariates 
including age, educational attainment, marital status, PIR, and race; and Model 3 further adjusted for obesity, 
smoking, alcohol consumption, physical activity, hypertension, diabetes, and hypercholesterolemia in addition 
to the covariates from Model 2. Furthermore, including alcohol intake could result in overadjustment because it 
is a component of the MDS. We performed a sensitivity analysis that removed alcohol intake from the covariates 
to address this. Moreover, in Model 3, MDS was treated as a continuous variable, and RCS plots were used to 
illustrate the linear or nonlinear association between MDS and PCa. Subsequently, stratified subgroup analyses 
and interaction analyses based on Model 3 were conducted to explore potential variations in associations 
between subgroups. Data processing was performed using R statistical software (version 4.3.1). A two-sided 
p-value of less than 0.05 was considered statistically significant.

Result
Baseline characteristics
Among the 16,043 individuals in our study, representing approximately 90.37 million US adults, 511 (2%) were 
diagnosed with PCa, and the mean MDS was 1.58 (SD = 0.9). Table 1 presents the baseline characteristics of 
respondents categorized by prostate cancer status. Significant associations (P < 0.05) were observed between 
PCa status and age, race, marital status, PIR, smoking, alcohol consumption, hypertension, diabetes, 
hypercholesterolemia, and MDS. Compared to non-PCa patients, those with PCa were more likely to be older, 

Fig. 1.  A flow diagram of eligible participant selection in the National Health and Nutrition Examination 
Survey.
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Characteristic Overall, N = 94,372,337 (100%) Non-prostate cancer, N = 92,377,974 (98%) Prostate cancer, N = 1,994,363 (2%) P Value

No. of participants in the sample 16,043 15,532 511 -

Age (%) < 0.001

20–40 39,877,699 (42%) 39,877,699 (43%) 0 (0%)

41–60 35,911,960 (38%) 35,655,129 (39%) 256,831 (13%)

> 60 18,582,678 (20%) 16,845,146 (18%) 1,737,532 (87%)

Race (%) < 0.001

Non-Hispanic White 62,367,389 (66%) 60,866,614 (66%) 1,500,775 (75%)

Non-Hispanic Black 10,294,567 (11%) 9,987,758 (11%) 306,809 (15%)

Other 12,640,427 (13%) 12,497,436 (14%) 142,991 (7%)

Mexican American 9,069,955 (10%) 9,026,166 (9%) 43,788 (3%)

Married/live with partner (%) 0.002

No 31,610,313 (33%) 31,110,682 (34%) 499,632 (25%)

Yes 62,762,024 (67%) 61,267,292 (66%) 1,494,732 (75%)

Education level (%) 0.145

Below high school 16,028,814 (17%) 15,745,792 (17%) 283,022 (14%)

High School or above 78,343,523 (83%) 76,632,182 (83%) 1,711,341 (86%)

PIR (%) < 0.001

Not Poor 70,612,246 (80%) 68,992,051 (80%) 1,620,194 (88%)

poor 17,421,876 (20%) 17,203,382 (20%) 218,494 (12%)

Obesity (%) 0.474

No 59,965,540 (64%) 58,649,894 (64%) 1,315,646 (66%)

Yes 33,598,007 (36%) 32,934,657 (36%) 663,349 (34%)

Smoking (%) < 0.001

Never 46,184,313 (49%) 45,408,177 (49%) 776,136 (39%)

Former 26,292,497 (28%) 25,253,402 (27%) 1,039,095 (52%)

Current 21,895,527 (23%) 21,716,395 (24%) 179,132 (9%)

Physical activity (%) 0.707

Inactive 14,611,483 (19%) 14,314,617 (19%) 296,866 (20%)

Active 63,850,534 (81%) 62,636,461 (81%) 1,214,073 (80%)

Drinking (%) < 0.001

former 11,365,549 (13%) 11,042,596 (13%) 322,954 (17%)

heavy 23,401,847 (26%) 23,321,239 (27%) 80,608 (4%)

mild 35,979,110 (41%) 34,779,162 (40%) 1,199,948 (64%)

moderate 11,589,186 (13%) 11,434,710 (13%) 154,477 (8%)

never 5,989,680 (7%) 5,872,404 (7%) 117,276 (7%)

Hypertension (%) < 0.001

No 59,445,986 (63%) 58,808,489 (64%) 637,497 (32%)

Yes 34,926,351 (37%) 33,569,485 (36%) 1,356,866 (68%)

Diabetes (%) < 0.001

No 81,416,098 (86%) 80,042,323 (87%) 1,373,775 (69%)

Yes 12,956,239 (14%) 12,335,652 (13%) 620,588 (31%)

High cholesterol (%) < 0.001

No 51,654,499 (63%) 50,915,101 (64%) 739,398 (38%)

Yes 29,693,730 (37%) 28,509,817 (36%) 1,183,912 (62%)

MDS (mean (SD)) 0.76 (0.85) 0.74 (0.84) 1.58 (0.97) < 0.001

MDS (%) < 0.001

0 43,544,977 (46%) 43,353,466 (47%) 191,511 (9%)

1 34,563,395 (37%) 33,683,127 (36%) 880,268 (44%)

2 12,537,494 (13%) 11,964,426 (13%) 573,069 (29%)

≥ 3 3,726,472 (4%) 3,376,956 (4%) 349,516 (18%)

Table 1.  Baseline characteristics of all participants were stratified by prostate cancer. Mean (SD) for 
continuous variables: the P value was calculated by the weighted Students T-test. Percentages (weighted N, 
%) for categorical variables: the P value was calculated by the weighted chi-square test. MDS, Magnesium 
Depletion Score; PIR, Ratio of family income to poverty.
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non-Hispanic white, married, and non-poor, and exhibited higher rates of smoking, alcohol consumption, 
hypertension, hypercholesterolemia, and elevated MDS levels.

Relationship between MDS and PCa
As shown in Table 2, three different models were employed to assess the association between MDS and prostate 
cancer (PCa). In the model adjusted for all covariates, individuals in the high MDS group (MDS ≥ 3) had an odds 
ratio (OR) of 3.04 (95% CI: 1.53, 6.01) compared to the MDS = 0 group. Furthermore, as alcohol consumption is 
a component of the MDS, its inclusion may lead to overadjustment. To address this, we conducted a sensitivity 
analysis excluding alcohol consumption from the covariates, and the results remained robust (Model 4). 
Restricted cubic spline (RCS) analysis (Fig. 2) further indicated a significant positive correlation between MDS 
and the prevalence of PCa (P for overall = 0.019; P for nonlinear = 0.375). The results of the subgroup analysis are 
illustrated in Fig. 3. A positive association between MDS and PCa was observed in most subgroups (P < 0.05), 
with no significant interactions detected.

Discussion
The current study utilized a large, nationally representative cross-sectional design to investigate the relationship 
between MDS and PCa. Our findings indicate a significant positive correlation between MDS and PCa. This 
association remained significant in models adjusted for multiple covariates, particularly evident in individuals 
with an MDS of 3 or higher.

Previous studies examining the association between magnesium and prostate cancer (PCa) have yielded 
contradictory results. Some research indicates that magnesium levels in blood and diet are not associated with 
a reduced risk of prostate cancer28. This analysis included only 708 Black, and 651 White participants recruited 
from urology clinics in Nashville, Tennessee, and Durham, North Carolina. Conversely, other studies suggest 
that magnesium intake can decrease the risk of various cancers29,30, including prostate cancer, which aligns with 
our findings. The absorption and excretion of dietary magnesium may be influenced by several factors. Alcohol 
consumption can reduce food intake, thereby decreasing magnesium intake, while also potentially increasing 
magnesium excretion, leading to lower magnesium levels in the body31. Long-term use of proton pump inhibitors 
(PPIs) has been shown to decrease TRPM6 activity, resulting in reduced magnesium absorption32. Diuretics, 
particularly loop diuretics (e.g., furosemide) and thiazide diuretics (e.g., hydrochlorothiazide), increase urine 
output and subsequently enhance magnesium excretion, contributing to magnesium deficiency33. The kidneys 
maintain magnesium balance in the body by regulating magnesium filtration, reabsorption, and excretion34. As 
a reflection of magnesium bioavailability, the Magnesium Deficiency Score (MDS) integrates all of these factors, 
serving as an indicator for assessing individual magnesium deficiency status. This makes MDS a valuable tool for 
predicting disease risk associated with magnesium deficiency and plays a critical role in the early identification 
of magnesium deficiency risks and guiding clinical interventions for prostate cancer.

Currently, compelling explanations for the potential mechanisms linking magnesium to prostate cancer 
remain insufficient. Mg²⁺ primarily inhibits tumor growth through various pathways, including the suppression 
of tumor cell proliferation, promotion of apoptosis, inhibition of migration and invasion, and modulation of 
tumor inflammation35. Magnesium ions regulate intracellular calcium levels via TRPM7, indirectly influencing 
apoptosis; a deficiency in magnesium may lead to excessive accumulation of intracellular calcium, triggering 
either apoptosis or necrosis10. Additionally, magnesium exhibits antioxidant properties, allowing it to neutralize 
excess free radicals in the body and reduce oxidative stress-induced cellular damage36. Oxidative stress is 
recognized as a critical mechanism in the onset and progression of cancer37; thus, magnesium may play a role in 
prostate cancer prevention by alleviating oxidative stress. Some studies have also indicated that PPM1D (protein 
phosphatase, magnesium-dependent 1D), an enzyme whose activity relies on magnesium ions, plays a crucial 
role in regulating the cell cycle, cell proliferation, DNA damage response, and apoptosis38.

As the population ages exponentially and life expectancy continues to rise, particularly in developing 
countries, the burden of prostate cancer among the elderly is expected to increase dramatically in the future. 

MDS
Model 1
[OR (95% CI)] p-value

Model 2
[OR (95% CI)] p-value

Model 3
[OR (95% CI)] p-value

Model 4
[OR (95% CI)] p-value

Continuous 2.31 (2.10, 2.54) < 0.001 1.31 (1.11, 1.55) 0.002 1.26 (1.05, 1.50) 0.011 1.25 (1.06, 1.49) 0.012

Categories

MDS = 0 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)

MDS = 1 5.92 (4.09, 8.56) < 0.001 2.13 (1.21, 3.76) 0.010 1.90 (1.06, 3.39) 0.031 1.88(1.05, 3.37) 0.030

MDS = 2 10.84 (7.21, 16.31) < 0.001 1.90 (1.05, 3.43) 0.035 1.60 (0.87, 2.95) 0.130 1.54(0.83, 2.86) 0.160

MDS > = 3 23.43 (14.50, 37.85) < 0.001 3.65 (1.89, 7.05) < 0.001 3.04 (1.53, 6.01) 0.002 3.06(1.54, 6.08) 0.002

P for trend < 0.001 < 0.001 0.002 0.010

Table 2.  Adjusted odds ratios of MDS and prostate cancer, NHANES 2005–2018. Model 1: no covariates were 
adjusted. Model 2: age, education level, marital, PIR, and race were adjusted. Model 3: age, education level, 
marital, PIR, race, obesity, smoking, drinking, physical activity, hypertension, diabetes, and high cholesterol. 
Model 4: age, education level, marital, PIR, race, obesity, smoking, physical activity, hypertension, diabetes, and 
high cholesterol. MDS, Magnesium Depletion Score; PIR, Ratio of family income to poverty; OR, odds ratio; 
CI, confidence interval.
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Age is a significant risk factor for prostate cancer, with its incidence significantly rising as individuals grow older. 
In subgroup analyses, the prevalence of prostate cancer in individuals aged 41 to 60 is 1.52 times higher than 
in those without prostate cancer (OR = 1.52), and the odds ratio for those over 60 is 1.22. With advancing age, 
most organs and tissues undergo atrophy, whereas the prostate typically enlarges, leading to increased urinary 
frequency, bladder overactivity, incontinence, and, in severe cases, kidney failure. Magnesium deficiency is 
common among the elderly, and the Western diet often lacks sufficient magnesium due to excessive consumption 
of high-fat meats and processed foods, alongside a low intake of whole grains and leafy vegetables, resulting in 
deficiencies in trace elements, vitamins, and minerals. Some studies suggest that magnesium may help maintain 
telomere length by influencing telomerase activity, potentially delaying cellular aging and apoptosis39. This 
finding could have positive implications for human health. Maintaining optimal magnesium levels through 
dietary intake and lifestyle modifications may represent a safe and cost-effective strategy to help mitigate aging. 
Future studies should be meticulously designed to further validate this hypothesis.

Following the demonstration that magnesium deficiency can induce tumors, recent advancements in 
materials science have explored the application of magnesium alloys in cancer treatment, primarily based on 

Fig. 2.  Dose-response relationships between MDS and prostate cancer. OR (solid lines) and 95% confidence 
levels (shaded areas) were adjusted for age, education level, marital, PIR, race, obesity, smoking, drinking, 
physical activity, hypertension, diabetes, and high cholesterol.
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the principle that these alloys generate locally elevated concentrations of magnesium ions (Mg²⁺) during their 
degradation within the body, thereby inhibiting tumor growth and proliferation. For instance, researchers have 
developed magnesium anastomosis staples for use after colorectal tumor surgeries, which not only suppress 
tumor cell proliferation but also effectively promote wound healing40. Additionally, pH-sensitive polymer-coated 
magnesium nanoflowers have been developed to release Mg²⁺ in the tumor microenvironment, directly targeting 

Fig. 3.  Subgroup analysis between MDS and prostate cancer. ORs were calculated as each unit increased in 
MDS. Analyses were adjusted for age, education level, marital, PIR, race, obesity, smoking, drinking, physical 
activity, hypertension, diabetes, and high cholesterol.
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breast cancer cells41. This approach enhances therapeutic efficacy while minimizing systemic side effects. The 
potential of magnesium alloys for treating prostate cancer is also being actively investigated35. For example, 
magnesium alloys have been utilized as link materials for radioactive iodine-125 particles implanted in prostate 
cancer patients, which may improve prognosis. Overall, due to their dual functions of antitumor activity and 
tissue regeneration, magnesium alloys exhibit significant potential in cancer treatment.

According to a study conducted in the United States, nearly 50% of Americans do not meet the recommended 
daily intake of magnesium42. This deficiency is primarily attributed to advancements in modern agriculture, the 
use of chemical fertilizers, and the increasing proportion of processed foods in the diet. A high-magnesium diet, 
achieved through the consumption of magnesium-rich foods or appropriate supplements, exceeds the normal 
daily intake levels for adults. Numerous epidemiological studies, including prospective studies, retrospective 
case-control analyses, and meta-analyses, have identified a significant impact of high-magnesium diets on 
cancer incidence and mortality. Researchers such as Yang et al.43 and Chiu et al.44 have conducted a series of 
retrospective case-control studies that reveal an association between the magnesium ion content in drinking 
water and the mortality risk of various malignancies, including prostate, breast, esophageal, and ovarian 
cancers. Long-term consumption of drinking water with high magnesium ion content may reduce mortality 
rates associated with these cancers. However, some studies have indicated that magnesium intake does not 
significantly affect the incidence of bladder cancer45. These findings suggest that the impact of high-magnesium 
diets on cancer incidence and mortality remains controversial and warrants further investigation.

This study presents several significant advantages. First, it is the first to investigate the association between 
MDS and PCa. MDS has demonstrated its unique predictive accuracy in several studies such as depression12, 
COPD13, Parkinson’s disease14, periodontitis15 and metabolic dysfunction associated steatotic liver disease 
(MASLD)16. We investigated the association between MDS and PCa, and our results provide preliminary 
evidence of a potential relationship between MDS and PCa. While this study does not establish that changes 
in MDS directly reduce the risk of PCa, it offers initial insights into the possible role of MDS as a risk factor 
for prostate cancer. Second, the research is based on the large national NHANES database from 2005 to 2018, 
characterized by substantial sample size, good representation, and standardized data collection, ensuring the 
reliability of the findings. In terms of statistical methods, we thoroughly controlled for potential confounding 
factors and validated the robustness of the results through subgroup analyses. We offer new perspectives and 
strategies for the prevention and management of PCa, with these discoveries directly translatable to clinical and 
public health practices, guiding the development of individualized magnesium deficiency interventions and 
community prevention strategies. Therefore, future research could include prospective cohort studies or animal 
experiments to investigate whether actual magnesium intake can reduce the risk of prostate cancer.

This study also has several limitations. The primary limitation is inherent to the study design; as a cross-
sectional study, it cannot establish causal relationships between variables or assess temporal changes. Secondly, 
there are limitations related to measurement tools; the questionnaire data may be subject to recall bias, particularly 
concerning unclear characteristics of prostate cancer, as diagnosis largely relies on self-reporting. Additionally, 
although we adjusted for multiple confounding factors in our analyses, unmeasured confounders may still 
influence the study results. The generalizability of the findings is also somewhat limited, as the study population 
primarily consists of Americans, which may not fully represent other racial or regional groups. Additionally, 
the absence of biomarker data means this study could not fully elucidate the underlying mechanisms. These 
limitations highlight the need for future research to conduct prospective cohort studies, incorporate more 
biomarker assessments, broaden the geographical and racial diversity of the study population, and employ 
more precise evaluation methods to further validate and refine the findings of this research. Furthermore, this 
study primarily focused on alcohol consumption as the exposure variable associated with MDS, based on the 
available NHANES data. However, NHANES also includes a wide range of dietary information, such as detailed 
magnesium intake and other dietary patterns, which were not incorporated into this analysis. This limitation 
may hinder a comprehensive assessment of the complex relationship between diet and magnesium deficiency. 
Future research should take advantage of the dietary data provided by NHANES to more systematically 
explore the potential interactions between dietary factors and prostate cancer risk, as well as their underlying 
mechanisms. Finally, despite providing preliminary evidence for an association between magnesium depletion 
score (MDS) and prostate cancer, this study has several limitations. First, the reliance on self-reported data 
for prostate cancer diagnosis may introduce information bias. Self-reported data may not capture all clinically 
diagnosed prostate cancer cases, particularly those that are mild or undiagnosed. Additionally, the study lacks 
detailed data on the clinical significance, disease progression, and mortality rates associated with prostate cancer, 
limiting our ability to further explore the impact of MDS on prostate cancer outcomes. Furthermore, prostate 
cancer screening and diagnosis methods, particularly PSA screening, are highly debated and vary significantly 
across regions and populations in the United States. These differences may result in substantial variability in 
prostate cancer reporting, which could influence the findings. As such, the conclusions of this study should be 
interpreted cautiously, particularly in the absence of clinical data linking MDS with prostate cancer mortality or 
clinically significant prostate cancer cases.

Conclusion
In summary, this study demonstrates a significant association between MDS and prostate cancer risk, with 
a higher MDS linked to increased prostate cancer prevalence. While MDS holds promise as a tool to assess 
prostate health, its ability to predict prostate cancer incidence requires further validation. Future studies should 
focus on exploring the applicability and clinical value of MDS in different populations to determine its potential 
as an early screening tool. These findings not only contribute to the understanding of the relationship between 
magnesium deficiency and prostate health but also provide important references for personalized prevention 
strategies and public health interventions.
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Data availability
Publicly available datasets were analyzed in this study. This data can be found here: ​h​t​t​p​s​:​/​/​w​w​w​.​c​d​c​.​g​o​v​/​n​c​h​s​/​
n​h​a​n​e​s​/​.​​
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