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mortality rates of urinary
incontinence: a national survey
analysis

Ping Xia™, Xiaolong Shi*, Yunling Yang?, Yanru Zhang’,
Xuyang Hu?, Rong Lin?, Xiaoying Weng?, Fenfang Shen?,
Xiaobao Chen?** and Liang Lin'**

!Medical Centre of Maternity and Child Health, Shengli Clinical Medical College of Fujian Medical
University, Fuzhou University Affiliated Provincial Hospital, Fuzhou, China, 2Department of Urology,
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Background: Magnesium regulates vascular smooth muscle contraction,
with implications for cardiovascular diseases. However, the population-level
relevance of magnesium homeostasis to urinary incontinence (Ul) subtypes and
associated mortality remains unexamined.

Methods: The National Health and Nutrition Examination Survey (NHANES)
were utilized to investigate the association between magnesium depletion score
(MDS) and urinary incontinence (Ul) from 2005 to 2018. Weighted multivariate
regression analyses and multivariate Cox regression analyses were used to
analysis. Additionally, subgroup analyses and multiple imputations (MI) were
carried out as sensitivity analyses to ensure the strength and reliability of the
findings.

Results: A total of 16,197 individuals were included in the study, with 6,881 of
them experiencing urinary incontinence (Ul). Among those with Ul, 767 cases
of all-cause mortality were documented. The prevalence rates were 42.83%
for stress urinary incontinence (SUI), 27.85% for urgency urinary incontinence
(UUI), and 16.82% for mixed urinary incontinence (MUI). Results from weighted
logistic regression analysis demonstrated a positive relationship between MDS
and SUI (OR 1.09, 95% CI: 1.01-1.17), UUI (OR 1.14, 95% CI: 1.06-1.22), and MUI
(OR 1.22, 95% CI: 1.11-1.35). Additionally, higher MDS values were associated
with increased severity of urinary incontinence. These findings were further
supported by various sensitivity analyses. Furthermore, survey-weighted Cox
proportional hazards regression indicated a positive association between MDS
and all-cause mortality regardless of (OR 1.27, 95% CI: 1.13-1.41), suggesting
that higher MDS independently predicts worse prognosis.

Conclusion: MDS is an important risk factor for the prevalence and mortality
rates of Ul. Monitoring magnesium status may inform Ul prevention strategies.
Interpretation should consider limitations including observational design and
lack of serum magnesium levels.
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Introduction

Urinary incontinence (UT) is a prevalent condition characterized
by the International Continence Society as the involuntary leakage of
urine. It is commonly classified into stress urinary incontinence (SUI),
urgency urinary incontinence (UUI), and mixed urinary incontinence
(MUI) (1, 2). Studies (3-5) suggest that UI affects approximately
25-50% of adult women, with a higher incidence among older
individuals. Despite its commonality, less than a quarter of women
with UI seek medical intervention (6, 7). The condition can lead to
negative psychological effects (8-11) such as depression and anxiety,
along with physical discomforts like body odor, sleep disturbances,
skin irritation, and an increased risk of falls. This not only impacts
individual well-being but also places a substantial economic strain on
healthcare systems globally. The development of Ul is influenced by
various factors (12-17) including chronic illnesses, medication use,
childbirth complications, and environmental triggers. Nonetheless,
the underlying mechanisms of UI are still unclear.

Given magnesiums critical role in muscle regulation and nerve
function, its deficiency may contribute to the pathophysiology of
UL Emerging evidence suggests that magnesium deficiency may
contribute to UI through its role in smooth muscle regulation.
Magnesium acts as a natural calcium antagonist, inhibiting voltage-
gated calcium channels and reducing detrusor muscle overactivity
(18). Clinical trials have shown that magnesium supplementation
alleviates postoperative bladder discomfort (19-21) and improves
urgency symptoms in women with detrusor instability (22). These
findings suggest a potential mechanistic link between magnesium
status and bladder dysfunction. Magnesium is a crucial trace element
in the human body, playing various essential roles. It acts as a cofactor
for multiple enzymes, regulating their functions, and is involved in the
regulation of ion channels, modulation of the neurosystem,
cardiovascular functions, and other important processes (23-25). In
clinical settings, serum magnesium concentration is often utilized to
diagnose systemic magnesium deficiency. However, as serum
magnesium represents only a small portion of the total body
magnesium, with the majority stored in bones and tissues, blood tests
may not provide a complete assessment of an individual’s magnesium
status (26). Current research (27) indicates that serum magnesium is
not the best predictor for diagnosing magnesium deficiency in the
body. Alternative methods, such as 24-h urinary magnesium
excretion, offer a more accurate evaluation of total body magnesium
content. The magnesium tolerance test (MTT) is considered the most
reliable method, although its complexity and the need for pre- and
post-intravenous magnesium injection urine samples limit its clinical
utility. The MDS was first established and psychometrically evaluated
within the Personalized Prevention of Colorectal Cancer Trial,
utilizing a cohort of 77 participants demonstrating elevated
susceptibility to magnesium depletion. It demonstrated strong
correlation with magnesium deficiency confirmed by the MTT and
showed utility in predicting systemic inflammation and cardiovascular
mortality, thereby supporting its reliability as a clinical tool for
assessing magnesium status (28). Although magnesium’s role in
cardiovascular and metabolic diseases is well-established (23, 29-36),
its association with urinary incontinence (UI) remains underexplored.
Prior research (26, 27) focused on serum magnesium levels, which
may not fully reflect systemic magnesium status. To our knowledge,
no study has evaluated the MDS in relation to UI risk or prognosis.
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Limited research exists on the association between magnesium
and urinary incontinence. This study aimed to investigate the
association of MDS on UI and its prognostic relevance.
We hypothesized that higher MDS scores would be associated with an
increased risk of UI and poorer prognostic outcomes. The National
Health and Nutrition Examination Survey data was utilized for cross-
sectional and cohort analyses to explore the relationship between
MDS and UL

Materials and methods
Study population

NHANES is a national initiative led by the National Center for
Health Statistics (NCHS) to evaluate nutritional status and its
influence on health and disease prevention. The survey involves
interviews and physical examinations conducted by trained healthcare
professionals. This study utilized cross-sectional and cohort study
designs, analyzing data from NHANES between 2005 and 2018. Data
on Complete UT and MDS were collected from participants. NHANES
was approved by the Centers for Disease Control and Prevention
(CDC) National Center for Research Ethics in Health Statistics, and
written informed consent was obtained from all adult participants.

Assessment of Ul

Ul is characterized and categorized through two interviews within
the “Kidney Conditions-Urology” section. The topic of urinary
incontinence was specifically discussed with participants aged 20 and
older. If the participant answers “yes” to the question “During the past
12 months, have you leaked or lost control of even a small amount of
urine with an activity like coughing, lifting, or exercise?,” it indicates
SUL If the participant answers “yes” to the question “During the past
12 months, have you leaked or lost control of even a small amount of
urine with an urge or pressure to urinate and you could not get to the
toilet fast enough?) it indicates UUI (37, 38). Participants who
answered affirmatively to both questions were classified as having
MUL Both questions aimed to determine the frequency of these
incidents (daily, several times per week, several times per month,
several times per year) and the severity of urinary leakage each time
(drops, splashes, or more).

All eligible participants with sufficient identifying information
were linked to mortality data using the National Death Index from the
National Center for Health Statistics Research Data. The association
was established through publicly available linked mortality files from
the National Center for Health Statistics, with a focus on deaths from
any cause. The follow-up period began at the time of completion of
the NHANES questionnaire and ended at the time of death or
December 31, 2019.

Assessment of MDS
The MDS is determined based on specific criteria (28), including

the current use of diuretics (1 point), proton pump inhibitors (1
point), and excessive alcohol consumption (1 point), as well as the
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classification of renal function. Renal function is classified into normal
(score 0), mild deterioration (score 1), and severe deterioration (score
2) based on glomerular filtration rate (eGFR) calculated using the
CKD-EPI formula. Participants were categorized into normal renal
function [eGFR > 90 mL/(min 1.73 m?)], mildly impaired renal
function [60 mL/(min 1.73 m?) < eGFR < 90 mL/(min 1.73 m?)], and
severely impaired renal function [eGFR < 60 mL/(min 1.73 m?)].

Covariates

The variables examined in this study included demographic
characteristics such as age, body mass index, marital status, education,
race, and household income. Lifestyle habits like physical activity and
smoking, comorbidities such as coronary heart disease, hypertension,
metabolic syndrome, diabetes, previous cancer, and hysterectomy
were also considered. Additionally, dietary magnesium intake and
total energy intake were included in the analysis. The diagnostic
criteria for diabetes comprised glycosylated hemoglobin (HbAlc)
>6.5%, fasting plasma glucose >126 mg/dL, use of antidiabetic
medications, or self-report. Hypertension diagnosis was based on
>140/90 mmHg, use of
antihypertensive medication, or self-report. Cardiovascular disease

systolic/diastolic  blood  pressure
diagnosis included coronary heart disease, congestive heart failure,
heart attack, stroke, and angina. Metabolic syndrome in adults was
determined according to the National Cholesterol Education Program
Adult Treatment Group III criteria (39, 40). The Systemic Immune-
Inflammation Index (SII) (41) was calculated using the formula:
SII = [Neutrophil (10°/L)] x [Platelet (10°/L)]/
[Lymphocyte count (10°/L)]. Data on dietary magnesium intake (mg/

count count
day) and energy intake were collected through two 24-h dietary recall
interviews, encompassing intake from both food and beverages. Initial
data collection was at the Mobile Examination Center (MEC),
followed by a second telephone survey 3 to 10 days later. To ensure
result objectivity, average magnesium intake and total energy intake
for each participant were calculated based on data from both
time points.

Statistical analysis

The data processing in our study adhered to the NHANES analysis
guidelines. None of the variables had missing data exceeding 10%. All
analyses were performed using appropriate sampling weights.
Weighted means (standard errors) were utilized to present continuous
data, whereas weighted percentages (standard errors) were employed
for categorical data. Student’s ¢-test was used to compare baseline
characteristics for differences in continuous data, while the chi-square
test was used for categorical data.

Weighted multiple logistic regression analysis was used to
investigate the association between MDS and U, while adjusting for
various demographic and health factors (age, race, marital status,
education, PIR, BMI, moderate and vigorous activity, smoking status,
DM, CVD, hypertension, cancer, MetS, hyperlipidemia, vaginal
delivery, hysterectomy, albumin, SII, magnesium intake, energy,
creatinine, and uric acid). Additionally, weighted multivariable Cox
proportional hazards regression analysis was conducted to assess the
association between MDS and all-cause mortality risk. Similar
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adjustments were made in both analyses. The comparison of
cumulative survival rates across different MDS categories was plotted
using weighted Kaplan-Meier curves with log-rank tests. Multiple
sensitivity analyses were performed, including categorizing MDS as a
variable, subgroup analyses and multiple imputation. All statistical
analyses were conducted using R software (version 4.2.0) and Free
Statistics software (version 1.9.2).

Results
Participant characteristics

Table 1 presents the demographic characteristics of the
participants. Following the screening process, 16,197 cases met the
predefined criteria as shown in Figure 1. The average age of the
participants was 48.57 years, with prevalence rates of SUI at 42.83%,
UUI at 27.85%, and MUI at 16.82%. Figure 2 illustrates the distribution
of different MDS levels among individuals with SUI, UUI, and
MUIL The data shows that participants with UI have a higher
proportion in the group where MDS >0 compared to those without
UL It is worth noting that individuals with higher MDS demonstrated
higher age, BMI, a greater history of hysterectomy and vaginal
delivery, increased comorbidities (such as diabetes, cardiovascular
disease, hypertension, tumors, metabolic syndrome, and
hyperlipidemia), higher SII, as well as elevated levels of creatinine and

uric acid.

The association between MDS and Ul

The association between MDS and UI was examined through
weighted logistic regression analysis (Table 2). In the case of SUI, a
significant positive association was observed between the continuous
MDS score and SUI without any adjustments (Crude model:
OR =1.29, 95% CI = 1.23-1.35). Upon controlling for covariates in
Model 1, Model 2, and Model 3, MDS continued to be positively
linked to SUI, albeit with a reduced OR (OR = 1.09, 95% CI = 1.01-
1.17). When MDS was categorized with MDS = 0 as the reference, the
positive relationship with SUT persisted across all models, with a
significant linear trend noted between increasing MDS and heightened
SUI risk (p < 0.05).

Similarly, the association between MDS and UUI and MUI
demonstrated comparable patterns to MDS and SUL MDS exhibited
a positive association with both UUI and MUI, whether analyzed as a
continuous or categorical variable. The initial OR diminished after
adjustments for various models and confounding variables.

Table 3 revealed a positive association between the severity of
urinary incontinence and MDS. When comparing MDS levels to urine
leakage per episode, “small splashes” and “more” had unadjusted OR
values of 1.2 (95% CI = 1.12-1.28) and 1.58 (95% CI = 1.44-1.72)
respectively. After adjusting for different models, the association
persisted but with decreased OR values. Similarly, when examining
MDS in relation to the frequency of urinary incontinence, “a few times
a week” and “every day and/or night” groups displayed significant
p-values (<0.05), indicating a strong link. However, the “a few times a
month” group did not show a significant association. Overall, our
findings suggest that as the frequency or volume of urine leakage
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TABLE 1 Demographic and clinical parameters according to MDS (N = 16,197).

10.3389/fnut.2025.1439134

Variable
Age (years) 48.57 £0.26 39.28 +£0.24 50.98 + 0.34 61.37 £0.39 68.68 £0.38 <0.0001
Age, n (%) <0.0001
<50 years 52.54(0.01) 76.05 (0.77) 45.95 (1.07) 19.77 (1.28) 4.68 (0.69)
>50 years 47.46 (0.01) 23.95(0.77) 54.05 (1.07) 80.23 (1.28) 95.32 (0.69)
BMI, n (%) <0.0001
<25 kg/m?* 33.08 (0.01) 35.56 (0.91) 35.54 (0.99) 27.90 (1.31) 19.69 (1.36)
25-30 kg/m? 27.68 (0.01) 26.88 (0.73) 27.76 (0.87) 29.56 (1.14) 30.92 (1.70)
>30 kg/m?* 38.59 (0.01) 37.56 (0.80) 36.70 (0.98) 42.54 (1.39) 49.39 (1.78)
Race, n (%) <0.0001
Non-Hispanic White 68.61 (0.03) 56.99 (1.49) 75.57 (1.22) 81.42 (1.19) 81.81 (1.39)
Non-Hispanic Black 11.62 (0.01) 13.82(0.84) 9.91 (0.71) 9.15 (0.84) 11.11 (1.06)
Mexican American 7.4 (0.01) 11.90 (0.93) 4.52 (0.44) 3.23(0.47) 2.08 (0.41)
Other race 12.32 (0.01) 17.29 (0.81) 9.99 (0.63) 6.20 (0.56) 5.00 (0.64)
Marital status, 7 (%) <0.0001
Solitude 40.07 (0.01) 38.14 (0.89) 38.95 (1.02) 43.84 (1.36) 49.84 (2.16)
Cohabitation 59.88 (0.02) 61.86 (0.89) 61.05 (1.02) 56.16 (1.36) 50.16 (2.16)
Education level, n (%) <0.0001
Less than or high 37.16 (0.01) 36.97 (0.96) 34.84 (1.15) 38.46 (1.26) 46.87 (1.86)
school
Above high school 62.80 (0.02) 63.03 (0.96) 65.16 (1.15) 61.54 (1.26) 53.13 (1.86)
PIR, 1 (%) <0.0001
<13 20.48 (0.01) 25.63 (0.80) 18.38 (0.81) 18.27 (1.02) 22.68 (1.50)
1.3-3.5 33.99 (0.01) 36.74 (0.82) 34.18 (1.01) 37.12 (1.30) 42.55 (1.98)
>3.5 39.05 (0.01) 37.62 (1.15) 47.44 (1.28) 44.61 (1.57) 34.77 (2.18)
Smoking status, n (%) <0.0001
Never 61.21 (0.01) 65.76 (0.83) 58.29 (1.00) 56.53 (1.45) 56.60 (1.68)
Former 20.93 (0.01) 15.26 (0.66) 22.43 (0.86) 28.72 (1.41) 33.21 (1.64)
Current 17.83 (0.01) 18.98 (0.69) 19.28 (0.85) 14.75 (0.87) 10.19 (1.08)
Moderate, 1 (%) <0.0001
No 51.89 (0.01) 51.62 (0.81) 48.78 (1.05) 54.12 (1.49) 63.74 (2.18)
Yes 48.10 (0.01) 48.38 (0.81) 51.22 (1.05) 45.88 (1.49) 36.26 (2.18)
Vigorous, n (%) <0.0001
No 76.81 (0.02) 73.03 (0.78) 75.43 (1.18) 84.78 (1.08) 90.47 (1.35)
Yes 23.18 (0.01) 26.97 (0.78) 24.57 (1.18) 15.22 (1.08) 9.53 (1.35)
Hysterectomy, n (%) <0.0001
No 71.43 (0.02) 86.86 (0.69) 74.97 (0.87) 62.83 (1.20) 50.83 (1.97)
Yes 22.06 (0.01) 13.14 (0.69) 25.03 (0.87) 37.17 (1.20) 49.17 (1.97)
Vaginal delivery, n (%) <0.0001
0 16.06 (0.01) 23.74(0.74) 18.90 (0.78) 14.83 (1.21) 12.34 (1.45)
1-3 38.00 (0.01) 47.99 (0.85) 47.84 (1.04) 45.61 (1.53) 37.40 (1.67)
>3 27.28 (0.01) 28.26 (0.76) 33.25(0.99) 39.56 (1.45) 50.26 (1.78)
DM, n (%) <0.0001
No 78.63 (0.02) 85.25 (0.49) 79.27 (0.86) 69.29 (1.19) 57.21 (1.70)
PreDM 7.34 (0.00) 5.87 (0.36) 7.52(0.57) 9.82(0.73) 10.85 (1.24)
(Continued)
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TABLE 1 (Continued)
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Variable
DM 13.72 (0.00) 8.88 (0.37) 13.22 (0.65) 20.89 (1.00) 31.94 (1.78)
CVD, n (%) <0.0001
No 92.24 (0.02) 96.92 (0.26) 93.44 (0.42) 85.41 (0.86) 71.46 (1.77)
Yes 7.76 (0.00) 3.08 (0.26) 6.56 (0.42) 14.59 (0.86) 28.54 (1.77)
Hypertension, 1 (%) <0.0001
No 62.15 (0.02) 79.03 (0.69) 62.51 (1.04) 34.73 (1.31) 11.89 (1.32)
Yes 37.84 (0.01) 20.97 (0.69) 37.49 (1.04) 65.27 (1.31) 88.11 (1.32)
Cancer, n (%) <0.0001
No 88.37 (0.02) 93.46 (0.43) 87.49 (0.62) 81.21 (0.98) 76.71 (1.45)
Yes 11.54 (0.00) 6.54 (0.43) 12.51 (0.62) 18.79 (0.98) 23.29 (1.45)
MetS, 1 (%) <0.0001
No 67.60 (0.02) 76.66 (0.68) 68.89 (0.91) 53.60 (1.60) 37.12 (2.06)
Yes 32.09 (0.01) 23.34 (0.68) 31.11 (0.91) 46.40 (1.60) 62.88 (2.06)
Hyperlipidemia, n (%) <0.0001
No 30.28 (0.01) 38.69 (0.86) 29.61 (1.02) 16.90 (1.06) 8.57 (0.90)
Yes 69.72 (0.02) 61.31 (0.86) 70.39 (1.02) 83.10 (1.06) 91.43 (0.90)
Albumin (g/L) 41.73 £0.06 41.75 £0.07 41.88 £0.07 41.59 £0.09 41.26 £0.15 <0.0001
SII 566.50 + 4.34 558.40 £ 4.96 565.57 £ 6.83 571.04 + 8.52 610.35 £ 13.27 0.002
Dietary magnesium 267.46 + 1.82 263.86 +2.45 280.13 +£2.69 263.93 £291 237.26 £3.93 <0.0001
intake (mg)
Dietary energy (kcal) 1823.83 £8.15 1835.64 = 10.06 1875.01 = 15.07 1778.63 £ 20.24 1601.31 +23.05 <0.0001
Creatinine (pmol/L) 69.73 £0.32 60.27 £0.18 69.42 £0.26 81.87 £1.22 101.96 + 1.43 <0.0001
Uric acid (pmol/L) 287.02 £0.84 264.23 £0.96 284.15+1.44 317.57 £ 1.99 371.63 £3.12 <0.0001
SUT <0.0001
No 57.17 (0.01) 63.41 (0.75) 54.94 (0.89) 48.50 (1.25) 46.65 (1.88)
Yes 42.83(0.01) 36.59 (0.75) 45.06 (0.89) 51.50 (1.25) 53.35 (1.88)
UuIL <0.0001
No 72.15(0.02) 79.48 (0.66) 71.31 (0.95) 60.66 (1.38) 54.11 (1.68)
Yes 27.85 (0.01) 20.52 (0.66) 28.69 (0.95) 39.34 (1.38) 45.89 (1.68)
MUI <0.0001
No 53.09 (0.01) 83.75 (0.61) 74.59 (1.05) 61.36 (1.68) 55.77 (2.26)
Yes 16.82 (0.00) 16.25 (0.61) 25.41 (1.05) 38.64 (1.68) 44.23 (2.26)

BMI, body mass index; PIR, poverty to income ratio; DM, diabetes mellitus; CVD, cardiovascular disease; MetS, metabolic syndrome; SII, system immune-inflammation index; SUI, stress
urinary incontinence; UUT, urgent urinary incontinence; MUI, mix urinary incontinence; MDS, magnesium depletion scores. Values are mean + SD (continuous variables) or n% (categorical

variables) are weighted.

increases, there is a corresponding rise in OR values, highlighting the

positive association between MDS and the severity of

urinary incontinence.

Subgroup analysis

Subgroup analyses were performed to further investigate the
relationship between MDS and different types of UI (Table 4). The
results indicated that MDS was significantly associated with SUI in
subgroups characterized by age <50, delivery=0, and no
hypertension. An interaction effect of age (<50 or >50) was

Frontiers in Nutrition

observed, suggesting that the impact of MDS on SUI varies across
age groups. Similar interaction effects were also noted in the
delivery and hypertension subgroups. In the subgroup analysis of
BMI >25 and magnesium intake Q1 group, MDS showed a
significant association with UUI, with an interaction effect
observed in the CVD subgroup (p for interaction = 0.04),
indicating variability in the association of MDS on UUI among
different CVD subgroups. For MUI subgroup analysis, MDS
exhibited a positive association with MUI in most subgroups,
except for the BMI <25 and PIR = 1.3-3.5 group. No significant
interaction effects were found among the subgroups (all p for
interaction >0.05).
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Participants who completed the questionnaire on Kidney
Conditions in NITANES2005-2018(N=39749)

19250 male
2983 missing Ul data
17 missing SUI data
10 missing UUT data
_ 668 missingiMDSIdata Correlation between MDS and Ul(participants=16197/UI
N=16829
cases=6881)
Excluded 553 pregnants and
79 unable to do activity
N=16197
Excluded 34 missing os data and
9296 non-UI participants - . . .
Association of MDS with all-cause mortality among
individuals with OAB(participants=6867/all-cause
deaths=767)
N=6367

FIGURE 1
Flowchart of the sample selection from the National Health and Nutrition Examination Survey 2005 to 2018. Ul, urinary incontinence; MDS,
magnesium depletion score; NHANES, National Health and Nutrition Examination Survey.

A p<0.001 B p<0.001 C p<0.001

1.001 1.00 1 1.00 q

0.754 0.754 0.75 1
k] k] k)
= £ £
5 5 5
] MDS & MDS & MDS
£ o & 0 & 0
5-0.50+ 1 £-0.50+ 1 £-0.50 1
5] 5] 5]
2 e B e B .
8 >=3 8 >=3 g >=3
c c c
@ @ @
o O O
° ° °
o o o

0.254 0.254 0.25

0.00- 0.00- 0.00-

Uul MUI

FIGURE 2
The distribution of MDS in Ul, SUI (A), UUI (B), and MUI (C).
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TABLE 2 Association between MDS and Ul.

Variables Unadjusted model Model 1 (95% ClI) Model 2 (95% ClI) Model 3 (95% ClI)
SUI
MDS continue ‘ 1.29 (1.23,1.35) ‘ 1.11 (1.05, 1.18) ‘ 1.07 (1.00, 1.14) ‘ 1.09 (1.01,1.17)
MDS category
MDS =0 ref ref ref ref
MDS =1 1.42 (1.30, 1.56) 1.22 (1.09, 1.36) 1.18 (1.05, 1.32) 1.21 (1.06, 1.39)
MDS =2 1.84 (1.63, 2.08) 1.35(1.15, 1.59) 1.26 (1.06, 1.49) 1.31 (1.07, 1.60)
MDS >3 1.98 (1.66, 2.37) 1.29 (1.04, 1.59) 1.13 (0.91, 1.40) 1.20 (0.94, 1.55)
p for trend <0.0001 <0.001 0.02 0.02
UuI
MDS continue 1.49 (1.42, 1.56) 1.15(1.09, 1.22) 1.10 (1.04, 1.17) 1.14 (1.06, 1.22)
MDS category
MDS =0 ref ref ref ref
MDS =1 1.56 (1.39, 1.75) 1.20 (1.05, 1.37) 1.17 (1.02, 1.35) 1.22 (1.04, 1.44)
MDS =2 2.51(2.17,2.90) 1.45(1.21,1.73) 1.34(1.12,1.62) 1.47 (1.19, 1.81)
MDS >3 3.28(2.82,3.82) 1.51 (1.25,1.82) 1.30 (1.07, 1.59) 1.43 (1.13,1.81)
p for trend <0.0001 <0.0001 0.001 <0.001
MUI
MDS continue 1.63 (1.53,1.73) 1.21(1.12, 1.30) 1.14 (1.05, 1.23) 1.22 (1.11, 1.35)
MDS category
MDS =0 ref ref ref ref
MDS =1 1.76 (1.52, 2.03) 1.31(1.10, 1.55) 1.25(1.05, 1.49) 1.39 (1.14, 1.69)
MDS =2 3.24(2.72,3.87) 1.75(1.39, 2.20) 1.54 (1.20, 1.97) 1.84 (1.40, 2.42)
MDS >3 4.09 (3.30, 5.06) 1.63 (1.27, 2.10) 1.33(1.01, 1.75) 1.66 (1.19, 2.31)
p for trend <0.0001 <0.0001 0.002 <0.0001

Unadjusted model: No covariates were adjusted. Model 1: Age, race, marital status, education, PIR, BMI, moderate and vigorous activity were adjusted. Model 2: Model 1 + smoking status,
DM, CVD, hypertension, cancer, MetS, and hyperlipidemia were adjusted. Model 3: Model 2 + vaginal delivery, hysterectomy, albumin, SII, magnesium intake, energy, creatinine, and uric acid
were adjusted.

TABLE 3 Association between MDS and severity of Ul.

Variables Unadjusted model Model 1 Model 2 Model 3
UI volume
Drops ref ref ref ref
Small splashes 1.20 (1.12,1.28) 1.14 (1.05, 1.23) 1.11 (1.02, 1.20) 1.10 (0.99, 1.21)
More 1.58 (1.4, 1.72) 1.31 (1.17, 1.45) 1.24 (1.11, 1.39) 1.23 (1.06, 1.42)
Ul frequency
Less than once a month ref ref ref ref
A few times a month 1.13 (1.04, 1.23) 1.07 (0.97, 1.19) 1.06 (0.96, 1.18) 1.05 (0.93, 1.19)
A few times a week 1.34(1.23,1.47) 1.24(1.12, 1.38) 1.22(1.10, 1.36) 1.20 (1.05, 1.37)
Every day and/or night 1.68 (1.56, 1.82) 1.30 (1.17, 1.44) 1.20 (1.08, 1.33) 1.27 (1.11, 1.45)

Unadjusted model: No covariates were adjusted. Model 1: Age, race, marital status, education, PIR, BMI, moderate, and vigorous activity were adjusted. Model 2: Model 1 + smoking status,
DM, CVD, hypertension, cancer, MetS, and hyperlipidemia were adjusted. Model 3: Model 2 + vaginal delivery, hysterectomy, albumin, SII, magnesium intake, energy, creatinine, and uric acid
were adjusted.

Sensitivity analysis relationship between imputed MDS and UL The adjusted models

remained consistent with the covariates adjusted in the previous

Multiple imputation techniques were utilized to address  Model 3. Findings from Supplementary Table 2 revealed a positive

missing values, resulting in the creation of five datasets for analysis. ~ association between MDS and UI across SUI, UUI, and
Logistic regression analysis was conducted to explore the  MUI subtypes.
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TABLE 4 Subgroup analysis of the association between MDS and Ul.

Character SuUl uul MUI
OR (95% p for interaction OR (95% p for interaction OR (95% p for interaction
Cl) Cl) Cl)

Age 0.005 0.19 0.24
<50 years 1.43 (1.04, 1.98) 0.94 (0.76, 1.17) 1.23 (1.11, 1.38)
>50 years 0.95 (0.84, 1.09) 1.10 (0.96, 1.26) 1.38 (1.12, 1.71)

BMI 0.03 0.63 0.34
<25 kg/m? 1.03 (0.79, 1.35) 1.12 (0.85, 1.47) 1.19 (0.97, 1.44)
25-30 kg/m? 0.93 (0.75,1.17) 0.81 (0.67, 0.97) 1.36 (1.18, 1.56)
>30 kg/m* 1.09 (0.91, 1.29) 1.22 (1.04, 1.42) 1.10 (0.89, 1.36)

Race 0.58 0.49 0.1
Non-Hispanic White | 1.06 (0.91, 1.22) 1.06 (0.92, 1.21) 1.21 (0.94, 1.56)
Non-Hispanic Black 0.99 (0.78, 1.27) 0.96 (0.77, 1.20) 1.00 (0.84, 1.20)
Mexican American 1.05 (0.74, 1.48) 1.02 (0.73, 1.43) 1.15(0.92, 1.44)
Other race 0.80 (0.61, 1.05) 1.41 (0.99, 2.01) 1.24 (1.10, 1.40)

Marital status 0.2 0.1 0.34
Solitude 1.13 (0.95, 1.35) 0.97 (0.81, 1.16) 1.25(1.10, 1.42)
Cohabitation 0.96 (0.82, 1.12) 1.13 (0.97, 1.32) 1.24 (1.09, 1.42)

Education level 0.08 0.38 0.37
Less than or high
school 0.97 (0.80, 1.17) 1.05 (0.88, 1.26) 1.29 (1.11, 1.50)
Above high school 1.06 (0.91, 1.25) 1.08 (0.92, 1.28) 1.20 (1.06, 1.35)

PIR 0.31 0.62 0.35
<13 1.06 (0.88, 1.28) 1.19 (0.99, 1.43) 1.38 (1.21, 1.58)
1.3-35 0.91 (0.75,1.11) 1.03 (0.86, 1.24) 1.14 (0.95, 1.35)
>3.5 1.13(0.93, 1.37) 1.07 (0.89, 1.27) 1.27 (1.10, 1.47)

Smoking status 0.37 0.52 0.61
Never 0.98 (0.83, 1.15) 1.02 (0.86, 1.20) 1.25 (1.06, 1.48)
Former 1.09 (0.88, 1.34) 1.13(0.92, 1.38) 1.24 (1.09, 1.42)
Current 1.21(0.85, 1.73) 1.06 (0.82, 1.37) 1.31 (1.06, 1.62)

Moderate 0.59 0.91 0.34
No 0.96 (0.83,1.12) 1.02 (0.87, 1.19) 1.26 (1.12, 1.41)
Yes 1.12 (0.92, 1.37) 1.13 (0.94, 1.35) 1.24 (1.06, 1.45)

Vigorous 0.88 0.14 0.2
No 1.03 (0.91, 1.17) 1.09 (0.96, 1.22) 1.27 (1.14, 1.41)
Yes 1.03 (0.71, 1.51) 0.93 (0.65, 1.32) 1.05 (0.74, 1.48)

Hysterectomy 0.71 0.33 0.17
No 1.04 (0.90, 1.19) 1.03 (0.88,1.21) 1.24 (1.07, 1.42)
Yes 1.02 (0.84, 1.24) 1.10 (0.91, 1.33) 1.26 (1.11, 1.43)

Vaginal delivery 0.03 0.97 0.08
0 1.37 (1.00, 1.90) 1.13 (0.85, 1.51) 1.27 (1.12, 1.44)
1-3 0.92 (0.76, 1.11) 1.06 (0.89, 1.26) 1.31(1.01, 1.71)
>3 1.05 (0.88, 1.26) 1.03 (0.86, 1.25) 1.23 (1.06, 1.42)

DM 0.24 0.54 0.97
No 1.04 (0.90, 1.19) 1.03 (0.88, 1.20) 1.24 (1.04, 1.49)
PreDM 0.80 (0.52, 1.25) 1.29 (0.87,1.91) 1.50 (1.08, 2.08)

(Continued)
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TABLE 4 (Continued)
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Character Sul uul MUI
OR (95% p for interaction OR (95% p for interaction OR (95% p for interaction
Cl) Cl) Cl)
DM 1.00 (0.82,1.22) 1.03 (0.84, 1.26) 1.20 (1.06, 1.36)
CVD 0.15 0.04 0.63
No 1.07 (0.94,1.21) 1.04 (0.91, 1.18) 1.24 (1.11,1.38)
Yes 0.80 (0.58, 1.09) 1.29 (0.96, 1.72) 1.30 (1.04, 1.62)
Hypertension <0.001 0.54 0.06
No 1.35 (1.04, 1.76) 1.04 (0.83,1.32) 1.4 (1.22,1.70)
Yes 0.92 (0.80, 1.05) 1.08 (0.93, 1.26) 1.16 (1.03, 1.31)
Cancer 0.44 0.73 0.95
No 1.02 (0.90, 1.17) 1.09 (0.97,1.23) 1.24 (1.12,1.39)
Yes 1.02 (0.76, 1.38) 0.86 (0.62, 1.18) 1.25 (1.01, 1.54)
MetS 0.13 03 0.17
No 1.11 (0.94, 1.31) 1.01 (0.85, 1.20) 1.23 (1.08, 1.40)
Yes 0.95 (0.80, 1.12) 1.12 (0.96, 1.29) 1.26 (1.08, 1.46)
Hyperlipidemia 0.68 0.44 0.05
No 1.08 (0.80, 1.45) 1.02 (0.77, 1.35) 1.45 (1.16, 1.81)
Yes 1.03 (0.91, 1.17) 1.06 (0.93, 1.21) 1.21 (1.09, 1.35)
Dietary magnesium 0.17 0.22 0.06
intake (mg)
Q1 1.12 (0.88, 1.44) 1.31 (1.02, 1.68) 1.48 (1.23,1.78)
Q2 0.95(0.78, 1.15) 1.14 (0.94, 1.38) 1.07 (0.92, 1.26)
Q3 1.08 (0.84, 1.38) 1.01 (0.80, 1.28) 1.42 (1.15,1.75)
Q4 0.87 (0.68, 1.12) 0.91 (0.70, 1.18) 1.08 (0.89, 1.31)

TABLE 5 The association between MDS and mortality.

All cause death Unadjusted model Model 1 Model 2 Model 3
MDS continue 2.03(1.91,2.17) 1.45 (1.34, 1.56) 1.34 (1.24, 1.45) 1.27 (1.13, 1.41)
MDS category
MDS =0 ref ref ref ref
MDS = 1 2.86 (1.96, 4.16) 1.70 (1.16, 2.49) 1.69 (1.16, 2.46) 1.46 (0.99, 2.17)
MDS =2 5.45 (3.84,7.74) 2.16 (1.50, 3.11) 2.03 (1.43,2.90) 1.63 (1.10, 2.43)
MDS > 3 12.93 (9.03, 18.50) 3.71 (2.54, 5.42) 3.01 (2.03, 4.45) 2.30 (1.49, 3.54)
p for trend <0.0001 <0.0001 <0.0001 <0.0001

Unadjusted model: No covariates were adjusted. Model 1: Age, race, marital status, education, PIR, BMI, moderate, and vigorous activity were adjusted. Model 2: Model 1 + smoking status,
DM, CVD, cancer, MetS, and hyperlipidemia were adjusted. Model 3: Model 2 + vaginal delivery, hysterectomy, albumin, SII, magnesium intake, energy, creatinine, and uric acid were

adjusted.

The association between MDS and mortality

In the UI population, the median follow-up time was 92 months.
The median survival time was 148 months in the MDS > 3 group, while
the remaining groups did not reach the median survival time. Among
6,867 individuals, 767 deaths were recorded. Weighted Cox regression
analysis was used to assess the link between MDS and all-cause
mortality (Table 5). The unadjusted model revealed that for each
one-unit increase in MDS, the risk of all-cause mortality rose by 1.03
times (OR =2.03, 95% CI=1.91-2.17). As different models were
applied, the OR decreased, reaching 1.27 in the fully adjusted model.

Frontiers in Nutrition

When MDS was treated as a categorical variable with MDS = 0 as the
reference group, the unadjusted model indicated OR of 2.86 (95% CI:
1.96-4.16), 5.45 (95% CI: 3.84-7.74), and 12.93 (95% CI: 9.03-18.5) for
the MDS = 1, MDS = 2, and MDS > 3 groups, respectively. These OR
weakened after adjusting for different models. The results consistently
show a positive association between MDS score and the risk of all-cause
mortality across various adjustment models. The p-value for trend was
<0.0001 in all models, indicating a significant upward trend in all-cause
mortality with increasing MDS scores. Figure 3 presents the survival
outcomes of individuals with UI based on different MDS levels,
indicating that as the MDS score increases, the prognosis deteriorates.
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Additionally, we conducted an analysis of the relationship between
MDS and all-cause mortality across various types of UI (see
Supplementary Table 3). The results indicate that, in both the UI and
non-UI populations, as well as across different UT subgroups, MDS > 1 is
positively correlated with all-cause mortality when compared to MDS = 0
(as a reference). Furthermore, the impact of MDS on all-cause mortality
appears to increase with higher MDS levels (p for trend <0.05) regardless
of Ul status (p for interaction >0.05). Supplementary Table 4 illustrates the
relationship between various magnesium intakes and MDS in relation to
all-cause mortality, indicating that different levels of magnesium intake
do not significantly influence MDS or all-cause mortality (p for
interaction = 0.93). However, MDS is primarily associated with prognosis,
as higher MDS levels correlate with poorer outcomes (p for trend <0.05).
Supplementary Table 5 presents the association of varying magnesium
intakes on all-cause mortality in both UI and non-UI populations. The
findings suggest that, within the UI population, different magnesium
intake levels do not significantly impact prognosis. Conversely, in the
non-UI population, higher magnesium intake levels are linked to better
prognoses, with this trend being statistically significant (p for trend <0.05).

Discussion

In our study, we uncovered a novel link between magnesium
deficiency and UL Our results showed a positive association between
higher MDS scores and the probability of UL Additionally, individuals

10.3389/fnut.2025.1439134

all-cause mortality. Subgroup analyses consistently supported these
associations across different population subgroups.

Abnormal levels of magnesium in the body are linked to various
diseases, including atherosclerosis, dyslipidemia, abnormal blood glucose,
type 2 diabetes, myocardial infarction, hypertension, renal stones,
premenstrual syndrome, and mental disorders (29-36). Previous no
literature exists on the connection between magnesium deficiency and
UL Studies (19-22) suggest that magnesium supplementation may help
alleviate bladder discomfort in postoperative patients and improve
symptoms in women with urgency or detrusor instability. Our research
found higher magnesium depletion scores in individuals with UI, with
more severe symptoms as magnesium levels decreased, underscoring the
importance of magnesium deficiency in UL Additionally, the impact of
the MDS on UI varies among different subgroups, such as SUI, where
interactions with age, BMI, number of vaginal deliveries, and hypertension
were observed. Further studies are needed to investigate the underlying
mechanisms behind these subgroup differences.

Magnesium deficiency may impair bladder function through
dysregulation of smooth muscle activity. For example, in a randomized
trial by Gordon et al. (22), 55% women with detrusor instability
receiving magnesium hydroxide experienced a subjective
improvement in urinary urgency. Similarly, preclinical studies
demonstrate that magnesium depletion increases bladder smooth
muscle contractility via elevated intracellular calcium influx (18, 42,
43). These findings, combined with magnesiums known role in

calcium channel regulation, provide multilevel support for

with UI and higher MDS scores exhibited a heightened risk of  our hypothesis.
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FIGURE 3
Kaplan—Meier curves were used to present the relationship of the magnesium depletion score with all-cause mortality among participants with UI.
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Lower serum magnesium levels have been linked to increased
mortality risk in various diseases (44-47), including cardiovascular
mortality, acute myocardial infarction mortality, and chronic kidney
disease mortality. This study is the first to identify a higher risk of all-cause
mortality in UI patients with elevated MDS, with mortality risk rising with
the severity of magnesium deficiency. Previous research (23) demonstrated
that low magnesium intake and elevated MDS levels significantly influence
the risk of all-cause mortality in a large sample population. In the cohort
participating in the UI survey of this study, our findings indicate that the
risk of all-cause mortality associated with MDS is primarily linked to the
level of MDS itself, independent of UI status and magnesium intake levels.
Notably, in the non-UI population, higher magnesium intake correlates
with improved prognosis. Additionally, research by Ferre et al. (48) found
that MDS is not associated with the presence of CKD, but may be related
to serum magnesium levels. Our study further suggests that the impact of
MDS on all-cause mortality remains independent of UI status. The
findings of this research enhances our comprehension of the significance
of magnesium status in health and disease, particularly in conditions like
UI that have received less attention. Timely interventions could help
reduce mortality risk, especially among those with elevated MDS.

This research highlights numerous advantages. It is the initial
examination into the link between magnesium deficiency and U],
utilizing a large representative sample of the U.S. population with data
collected over seven time periods. The ample sample size ensures robust
statistical power for thorough analysis. The use of sample weights
enhances the generalizability of the national results. The researchers
considered various potential confounders, drawing on prior research and
clinical expertise to improve the reliability of the outcomes. The study
utilized the MDS as an indicator, offering a more precise reflection of
magnesium’s physiological status. Sensitivity analyses were performed to
confirm the strength of the results. However, there are some limitations
to consider. The identification of participants with UUI and SUI relied on
questionnaire surveys in the NHANES database, which may introduce
misclassification. The cross-sectional nature of the data hinders
establishing a causal relationship between MDS and UL Despite efforts to
control for confounders, the impact of unmeasured factors remains a
concern. The absence of serum magnesium data in NHANES limits
comparisons with MDS, necessitating further prospective research.
Generalizing the results beyond the U.S. population should be done
cautiously; as the findings may be specific to this demographic.

Conclusion

Our study reveals a significant positive association between MDS and
the prevalence of UL Furthermore, elevated MDS levels are linked to an
increased risk of all-cause mortality among patients suffering from
UL These findings underscore the importance of monitoring magnesium
status in individuals with UI, suggesting that addressing magnesium
deficiency may not only improve urinary health but also potentially
reduce mortality risks. Consequently, further research is warranted to
explore the underlying mechanisms of this relationship and to evaluate
the benefits of magnesium supplementation in this vulnerable population.
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