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Abstract

Background Urinary incontinence (Ul) is a prevalent, health-threatening condition that causes isolation and psycho-
logical strain, leading to significant personal distress. The connection between the triglyceride glucose body mass
index (TyG-BMI) and Ul remains elusive. The purpose of the current research was to investigate any possible relation-
ships between raised TyG-BMI levels and a higher likelihood of Ul.

Methods For a thorough examination, adults 20 years and older with Ul were included in cross-sectional research
using the data obtained from the National Health and Nutrition Examination Survey (NHANES) from 2001 to 2018.
Our investigation centred on three of the significant varieties of Ul: Urgent Urinary Incontinence (UUI), Mixed Uri-
nary Incontinence (MUI), and Stress Urinary Incontinence (SUI), employing weighted multivariate logistic regression
models for an in-depth evaluation. The TyG-BMI, a possible biomarker, was arranged in increasing order among par-
ticipants and then assessed with a trend test (P for trend). Moreover, this investigation delved into the non-linear rela-
tionships using advanced smoothed curve fitting techniques. Meticulous subgroup analyses were executed to verify
the uniformity of the Ul and TyG-BMI relationship across diverse demographic groups.

Results A thorough investigation was conducted with 18,751 subjects to analyze the prevalence and types of U,
showing that 23.59% of individuals suffered from SUI, 19.42% from UUI, and 9.32% from MUI. Considering all possible
confounding variables, Multivariate logistic regression analysis showed a substantial relationship between elevated
TyG-BMI values and a greater likelihood across all Ul categories. Specifically, stratifying the TyG-BMI into quartiles
revealed a pronounced positive correlation in the top quartile relative to the bottom, reflected in increased odds
ratios for SUI, UUI, and MUI (SUI: OR=2.36, 95% Cl 2.03-2.78, P<0.0001; UUI: OR=1.86, 95% Cl 1.65-2.09, P<0.0001;
MUI: OR=2.07,95% Cl 1.71-2.51, P<0.0001).
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Conclusions Among US adults, an association has been observed wherein increased TyG-BMI values correlate
with a higher chance of Ul. This suggests that TyG-BMI might be a helpful marker for identifying individuals at risk
of Ul, providing novel insights into its assessment and management.

Keywords Triglyceride glucose body mass index, Urinary incontinence, Insulin resistance, Cross-sectional study,

NHANES

Background

The condition known as urinary incontinence, distin-
guished by involuntary urinary outflow, constitutes a
widespread medical condition predominantly affecting
women [1]. It may pose challenges to physical, social,
mental, and emotional well-being [2]. The three types of
UI, symptomatically classified, are mixed (MUI), stress
(SUI), and urge (UUI). Global statistics show a yearly
rise in the overall incidence of UI in females, with rates
of occurrence varying from 25 to 45% [3]. Similarly,
research on male prevalence in the US demonstrates that
UI prevalence escalates from 11% in males aged 60—64 to
31% among individuals aged 85 and older [4]. Numerous
individuals remain unaware of this global health chal-
lenge, resulting in delayed diagnosis and treatment. Ul
can stem from a variety of factors, among which meta-
bolic syndrome (METS) is directly linked to its onset and
progression [5].

Dyslipidemia, obesity, hypertension, and insulin resist-
ance are the clinical conditions that define METS [6].
However, the most significant contributor to METS’s
progression is insulin resistance [7]. In a study including
184 female patients, Uzun H et al. [8] identified a cor-
relation between insulin resistance (IR) and overactive
bladder syndrome (OAB), which leads to an increased
incidence of Ul Due to their complexity and challeng-
ing implementation, conventional IR metrics such as
the homeostasis model assessment (HOMA-IR) and
the hyperinsulinemic-euglycemic clamp (HIEC) are
impractical for clinical application [9]. The utilization
of TyG-BMI is suggested to be an efficient and conveni-
ent substitute that may indicate the presence of IR [10].
Comprehensive research has confirmed that diabetes,
hypertension, stroke, heart disease, and fatty liver dis-
ease, among others, exhibit a correlation with TyG-BMI
[11-17].

Present research often overlooks the combined impacts
of various metabolic variables to concentrate solely on a
single element, such as the relationship between diabetes
or obesity and UL Studies on UI conducted so far have
mainly examined anatomical, physiological, and neural
factors; however, a thorough examination of the impact
of metabolic parameters, particularly comprehensive
metabolic indicators, has yet to be thoroughly discussed.
This study examines the connection between UI and

TyG-BMI for the first time. TyG-BMI could be linked to a
higher incidence of UL

Methods

Data source and participants

The data utilized in this cross-sectional study were
obtained from the National Health and Nutrition Exami-
nation Survey (NHANES), a dataset specifically devel-
oped to evaluate the health conditions and nutritional
status of the general population of the United States.
NHANES gathers information on various aspects such
as population characteristics, financial status, and pub-
lic health to assess the overall well-being of the popula-
tion [18]. At the https://www.cdc.gov/nchs/nhanes/, the
public can access the exhaustive NHANES dataset and
research methodology. The present investigation fol-
lowed the cross-sectional research guidelines established
by the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) [19]. Data spanning
nine cycles (2001-2018) from the NHANES database
were analyzed. To deal with missing values in the data,
we used multiple imputation method. Initially, 91,351
individuals were recruited. Exclusions included partici-
pants under 20 years (n=41,150), those with incomplete
UI data (n=6,365), those lacking BMI, triglyceride, and
fasting glucose data (n=24,593), and pregnant individu-
als (n=492). Ultimately, the study comprised 18,751 par-
ticipants (Fig. 1). The NHANES data used in this study
were collected in strict accordance with standard oper-
ating procedures. Intra-assay variability was minimized
by performing repeated measurements under the same
conditions, while inter-assay variability was reduced
through standardized procedures and equipment calibra-
tion across cycles. We also applied sample weighting and
multiple imputation methods in our analysis to further
enhance the reliability of the results.

Exposure and outcome definitions

The exposure variable was defined as TyG-BMI, which
was computed by the following formula: Ln [triglycerides
(mg/dl) * fasting blood glucose (mg/dl)/2] * BMI (kg/m2)
[17]. Triglycerides were enzymatically measured using
the spectrophotometric method (Roche Cobas 6000
chemical analyzer), while plasma glucose concentrations
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Total participants from NHANES
2001-2018
(N=91,351)
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Excluded:

Participants over the age of 20
(N=50,201)

Y

Age<20 years
(N=41,150)

Excluded:
Missing data of SUI,UUI,MUI

Y

Participants with complete
SULUUI,MUI data
(N=43,836)

Y

(N=6,365)

Excluded:
Missing data of BMlI,fasting

Y

Participants with complete BMI,-
fasting blood glucose and
triglycerides data
(N=19,243)

Y

blood glucose and triglycerides
(N=24,593)

Excluded:

Y

Final study sample data
(N=18,751)

Fig. 1 Flowchart of participants selection from NHANES 2001-2018

were determined using the glucose-oxidase method
(Roche/Hitachi Cobas C 501 chemical analyzer).

By assessing the NHANES data, the incidence of Ul
was determined in the current research, focusing on
two questionnaire items related to bladder function.
SUI was identified in participants reporting involuntary
urine leakage in small amounts due to physical activities,
including coughing or exercise, within the past year. UUI
was distinguished by the concurrent presence of invol-
untary urine discharge and an urgent, compelling urge
to urinate during the same period. Individuals reporting
symptoms of both SUI and UUI were categorized as hav-
ing MUI, offering a comprehensive classification of Ul
subtypes in the cohort.

Assessment of covariates of interest

This research assessed vital variables such as age, gen-
der, ethnicity, educational attainment (divided into
under high school, high school, and above high school),

participants with pregnancy
(N=492)

Y

household income (as determined by the ratio of family
income to poverty, which is classified as follows:<1.3,
1.3-3.5, and > 3.5), the calculation of family poverty ratios
was based on the Family Income Poverty Guidelines pro-
vided by the US Department of Health and Human Ser-
vices (DHHS) [20], marital status (with classifications
of single, married, living together, widowed, divorced,
or separated), smoking status (non-smokers, current
smokers, and individuals who have inhaled at least 100
cigarettes in their lifetime but do not smoke at present),
alcohol consumption (categorized into>12 alcoholic
beverages annually and non-consumers), diabetes melli-
tus (identified by physician diagnosis, use of anti-diabetic
medication, or an HbAlc>6.5%), hypertension (defined
by physician diagnosis, medication usage, or blood pres-
sure readings>140/90 mmHg), and high cholesterol.
High cholesterol was determined if a physician diagnosed
participants used hypercholesterolemia medication, or
had a total cholesterol measurement of>240 mg/dL.
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Participants were asked if they had health insurance or a
different healthcare plan to determine their coverage.

Statistical analysis

Statistical analyses followed CDC guidelines and
included NHANES sample weights. Consequently, logis-
tic regression was employed to extrapolate categori-
cal parameters to proportions, while linear regression
facilitated the generalization of continuous variables to
means with accompanying standard deviations (SD). This
study utilized three distinct multivariate logistic regres-
sion models to elucidate the connection between TyG-
BMI and UI The models varied in covariate adjustments:
Model 1 did not include any covariate modifications,
while Model 2 included age, gender, and race. In contrast,
Model 3 integrated covariates, including age, gender,
education level, alcohol use, family poverty ratio, race/
ethnicity, vigorous activity, moderate activity, marital sta-
tus, smoking status, diabetes, high cholesterol, hyperten-
sion and health insurance coverage.

Additionally, TyG-BMI was categorized into quartiles
from a continuous measure, enabling a trend analysis
to identify potential correlations with UL Smooth curve
fitting methods were used to assess the non-linear cor-
relation. A stratified subgroup analysis, employing hier-
archical multiple regression analysis with an interaction
term, was conducted to explore heterogeneity among
subgroups. By analyzing receiver-operating characteristic
(ROC) curves and computing the area under the curve
(AUCQC), it was possible to evaluate TyG-BMI’s discrimina-
tory ability in predicting the three kinds of UL Statistical
analyses were performed using R software version 3.4.3
from The R Foundation and Empower software (X&Y
Solutions, Inc., Boston, MA, USA). A p-value of less than
0.05 was considered statistically significant.

Results

Characteristics of the participants

The demographic characteristics and other factors are
shown in Table 1, categorized by TyG-BMI quartiles.
The study included 18,751 participants, with an average
age of 50.30+17.80 years, split almost evenly between
females (49.45%) and males (50.55%) based on weighted
proportions.

Among the participants, 23.21% self-reported previ-
ous SUI, 22.74% reported UUI, and 10.51% reported
MUI The designated quartiles for triglyceride-glucose
body mass index were Q1 (112.58-204.87), Q2 (204.87—
242.54), Q3 (242.54-287.23), and Q4 (287.23-679.46).
A substantial rise in the incidence of UI was linked to
higher TyG-BMI categories. Additionally, individuals in
the upper TyG-BMI quartile were more inclined to be
women, white, possess advanced education, be married
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or cohabiting, experience middle household poverty
rates, consume alcohol, have elevated blood pressure,
and engage in lower levels of physical activity.

Correlation of TyG-BMI with the likelihood of urinary
incontinence (SUI, UUI, MUI)

The correlation between TyG-BMI and the likelihood of
developing Ul is shown in Table 2. Weighted multivariate
logistic regression was used, adjusting models in a tiered
approach: unadjusted (Model 1), moderately adjusted
(Model 2), and fully adjusted (Model 3) for a precise
assessment of the relationship. This research revealed
that the three forms of UI had substantially greater likeli-
hoods linked with increasing TyG-BMI values.

The likelihood of UI and TyG-BMI all exhibited statisti-
cally significant positive connections in all three different
adjusted models, with statistical significance confirmed
(P<0.0001). For additional validation, the TyG-BMI vari-
able was analyzed as a continuous variable in categori-
cal form, dividing the cohort into quartiles (Q1-Q4).
Individuals in the top quartile (Q4) had a much higher
probability of experiencing any UI compared to those in
the bottom quartile (Q1). This association remained sig-
nificant in all three different adjusted models: unadjusted
(SUL: OR=1.86; 95% CI=1.63-2.11, UUL: OR=2.01; 95%
CI=1.76-2.28, MUL: OR=2.38; 95% CI=2.01-2.84);
moderately adjusted (SUL: OR=2.46; 95% Cl=2.14-2.84,
UUL OR=1.82; 95% CI=1.58-2.08, MUL: OR=2.46;
95% CI=2.03-2.98); and fully adjusted (SUI: OR=2.36;
95% CI=2.03-2.78, UUL: OR=1.86; 95% CI=1.65-2.09,
MUL OR=2.07; 95% CI=1.71-2.51).

Further investigation of the relationship between Ul
likelihood and TyG-BMI, employing smoothed curve fit-
ting techniques, verified a statistically significant, consist-
ent positive relationship across all three models (Fig. 2).

Subgroup analysis

In this study, subgroup analyses were conducted, and
interactions within diverse demographic segments were
tested to assess the robustness of the UI and TyG-BMI
association. Notably, gender was found to modulate
the link between SUI and TyG-BMI, with a more pro-
nounced association observed in females than in males,
as evidenced by a significant interaction term (P <0.05)
(Fig. 3A). Conversely, gender-based analyses for UUI
and MUI failed to reveal significant differences, with
all interaction P-values exceeding 0.05 (Fig. 3B and C).
Furthermore, subgroup evaluations across various clas-
sifications did not significantly alter the positive connec-
tion between Ul and TyG-BM], affirming the consistency
across all examined cohorts.
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Table 1 Basic characteristics of participants by TyG-BMI among U.S. adults
TyG-BMI Overall Q1 Q2 Q3 Q4 P-value
N=18,751 (112.58-204.87) (204.87-242.54) (242.54-287.23) (287.23-679.46)
N=4688 N=4687 N=4688 N=4688
Age(year), Mean£SD 50.30+17.80 4537+19.16 5224+17.96 5237+17.16 51.24+1582 <0.001
Gender, n(%) <0.001
Male 9478 (50.55%) 2120 (45.22%) 2620 (55.90%) 2597 (55.40%) 2141 (45.67%)
Female 9273 (49.45%) 2568 (54.78%) 2067 (44.10%) 2091 (44.60%) 2547 (54.33%)
Race, n(%) <0.001
Mexican American 3148 (16.79%) 492 (10.49%) 797 (17.00%) 938 (20.01%) 921 (19.65%)
Other Hispanic 1619 (8.63%) 322 (6.87%) 439 (9.37%) 451 (9.62%) 407 (8.68%)
Non-Hispanic White 8597 (45.85%) 2299 (49.04%) 2149 (45.85%) 2045 (43.62%) 2104 (44.88%)
Non-Hispanic Black 3697 (19.72%) 893 (19.05%) 840 (17.92%) 924 (19.71%) 1040 (22.18%)
Other Races 1690 (9.01%) 682 (14.55%) 462 (9.86%) 330 (7.04%) 216 (4.61%)
Education level, n(%) <0.001
Less than high school 4787 (25.55%) 965 (20.60%) 1208 (25.81%) 1286 (27.46%) 1328 (28.34%)
High school or GED 4375 (23.35%) 1019 (21.75%) 1061 (22.67%) 1165 (24.88%) 1130 (24.11%)
Above high school 9572 (51.09%) 2701 (57.65%) 2411 (51.52%) 2232 (47.66%) 2228 (47.55%)
Marital status, n(%) <0.001
Married or living with partners 11,394 (60.79%) 2587 (55.20%) 2930 (62.53%) 3017 (64.38%) 2860 (61.05%)
Widowed, divorced, or separated 4137 (22.07%) 874 (18.65%) 1072 (22.88%) 1060 (22.62%) 1131 (24.14%)
Never married 3213 (17.14%) 1226 (26.16%) 684 (14.60%) 609 (13.00%) 694 (14.81%)
Family poverty ratio, n(%) <0.001
<13 5078 (29.39%) 1226 (28.39%) 1196 (27.63%) 1217 (28.22%) 1439 (33.33%)
1.3-35 6717 (38.88%) 1600 (37.05%) 1714 (39.59%) 1723 (39.95%) 1680 (38.91%)
>35 5483 (31.73%) 1492 (34.55%) 1419 (32.78%) 1373 (31.83%) 1199 (27.77%)
Alcohol use, n(%) <0.001
Yes 13,793 (73.76%) 3505 (74.91%) 3539 (75.81%) 3474 (74.33%) 3275 (69.99%)
No 4907 (26.24%) 1174 (25.09%) 1129 (24.19%) 1200 (25.67%) 1404 (30.01%)
Smoking status, n(%) <0.001
Never 9953 (53.12%) 2600 (55.50%) 2463 (52.62%) 2453 (52.35%) 2437 (52.03%)
Past 4825 (25.75%) 893 (19.06%) 1244 (26.58%) 1336 (28.51%) 1352 (28.86%)
Current 3958 (21.13%) 1192 (25.44%) 974 (20.81%) 897 (19.14%) 895 (19.11%)
Hypertension, n(%) <0.001
Yes 8182 (43.64%) 1214 (25.90%) 1893 (40.41%) 2253 (48.07%) 2822 (60.20%)
No 10,565 (56.36%) 3473 (74.10%) 2792 (59.59%) 2434 (51.93%) 1866 (39.80%)
Diabetes, n(%) <0.001
Yes 2900 (15.47%) 179 (3.82%) 494 (10.54%) 761 (16.24%) 1466 (31.27%)
No 15,850 (84.53%) 4509 (96.18%) 4193 (89.46%) 3926 (83.76%) 3222 (68.73%)
High cholesterol, n(%) <0.001
Yes 7659 (40.85%) 1193 (25.45%) 1936 (41.31%) 2164 (46.16%) 2366 (50.47%)
No 11,092 (59.15%) 3495 (74.55%) 2751 (58.69%) 2524 (53.84%) 2322 (49.53%)
Health insurance coverage, n(%) 0.003
Yes 14,710 (78.66%) 3615 (77.34%) 3680 (78.75%) 3653 (78.16%) 3762 (80.38%)
No 3991 (21.34%) 1059 (22.66%) 993 (21.25%) 1021 (21.84%) 918 (19.62%)
Vigorous physical activity, n(%) <0.001
Yes 4530 (24.16%) 1554 (33.15%) 1204 (25.69%) 1047 (22.34%) 725 (1547%)
No 14,219 (75.84%) 3134 (66.85%) 3482 (74.31%) 3640 (77.66%) 3963 (84.53%)
Moderate physical activity, n(%) <0.001
Yes 8131 (43.38%) 2282 (48.68%) 2099 (44.83%) 1986 (42.38%) 1764 (37.63%)
No 10,613 (56.62%) 2406 (51.32%) 2583 (55.17%) 2700 (57.62%) 2924 (62.37%)
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Table 1 (continued)
TyG-BMI Overall Q1 Q2 Q3 Q4 P-value
N=18,751 (112.58-204.87) (204.87-242.54) (242.54-287.23) (287.23-679.46)
N=4688 N=4687 N=4688 N=4688
TG (mg/dl), Mean +SD 13244+120.73 79.334+3948 112.88+63.48 146.64+88.18 190.89+195.25 <0.001
FBG (mg/dl), Mean+SD 109.15+36.22 95.99+15.92 104.09+26.67 110.25+33.16 126.26+51.87 <0.001
BMI (kg/mz), Mean +SD 28.95+06.66 22.05+2.18 26.28+1.85 2992+227 37.55+5.86 <0.001
SUl, n(%) <0.001
No 14,399 (76.79%) 3851 (82.15%) 3717 (79.30%) 3628 (77.39%) 3203 (68.32%)
Yes 4352 (23.21%) 837 (17.85%) 970 (20.70%) 1060 (22.61%) 1485 (31.68%)
Uul, n(%) <0.001
No 14,487 (77.26%) 3906 (83.32%) 3717 (79.30%) 3616 (77.13%) 3248 (69.28%)
Yes 4264 (22.74%) 782 (16.68%) 970 (20.70%) 1072 (22.87%) 1440 (30.72%)
MU, n(%) <0.001
No 16,781 (89.49%) 4380 (93.43%) 4269 (91.08%) 4200 (89.59%) 3932 (83.87%)
Yes 1970 (10.51%) 308 (6.57%) 418 (8.92%) 488 (10.41%) 756 (16.13%)

Mean £ SD for continuous variables: the P value was calculated by the weighted linear regression model; n (%) for categorical variables: the P value was calculated by

the weighted chi-square test

Abbreviation: TyG-BMI Triglyceride glucose body mass index, TG triglyceride, FBG fasting blood glucose, BMI body mass index, SUI Stress Urinary incontinence, UUI Urge

urinary incontinence, MUl Mixed urinary incontinence

The ROC curve of TyG-BMl for the Ul

The relationship between TyG-BMI and the risk of Ul
(SUL, MUI, UUI) was assessed using the ROC curve. Fig-
ure 4 shows that the association of TyG-BMI with the risk
of UI is indicated by AUC values for SUI (AUC=0.828,
95% CI 0.822-0.835), MUI (AUC =0.806, 95% CI 0.797—
0.816), and UUI (AUC=0.744, 95% CI 0.735-0.752).
Table 3 provides detailed information on the perfor-
mance of TyG-BMI in predicting the three types of U,
including cutoff values, sensitivity, and specificity. For
SUI, the optimal cutoff value was 1.164, yielding a sen-
sitivity of 69.4% and a specificity of 86.3%. In the case of
MU, the cutoff value was 2.193, with corresponding sen-
sitivity and specificity values of 70.3% and 77.5%, respec-
tively. For UUI, the optimal cutoft value was 1.262, with a
sensitivity of 66.1% and a specificity of 70.6%. These cut-
off points represent the optimal thresholds between the
TyG-BMI index and Ul risk.

Discussion

This investigation elucidates the relationship between Ul
and the TyG-BMI in a diverse cohort of US citizens, ana-
lyzing NHANES data from 2001 to 2018. Our findings
show a robust correlation between higher TyG-BMI val-
ues and a higher chance of developing several types of U],
such as SUI, UUI, and MUI Converting TyG-BMI from a
numerical to a grouped variable by dividing it into quar-
tiles confirmed the strong connection between increases
in TyG-BMI and susceptibility to UL Subgroup analyses
further revealed a pronounced predisposition for SUT in

females over males, underscoring the potential gender-
specific impacts of TyG-BMI on UL The possible reason
for the differences in subgroup analyses is that preg-
nancy, childbirth, and the decline in estrogen in meno-
pausal women can cause damage to the pelvic support
structures and atrophy of the tissues around the vesico-
urethral area in women [1, 2], all of which increase the
risk of SUI in women. Secondly, UUI is often associated
with overactive bladder (OAB), and the primary cause of
OAB is abnormal contractions of the detrusor muscle.
This process is regulated by the autonomic nervous sys-
tem, which functions similarly in both males and females.
Hence, gender has a lesser impact on UUI [21, 22].

We found that an elevated TyG-BMI is associated with
a higher incidence of UI, consistent with previous stud-
ies linking IR with UL For example, Uzun et al. demon-
strated a correlation between IR and OAB in women,
indicating that IR increases the incidence of urgency [8].
Furthermore, Nazzal et al. found that the significantly
higher incidence of UI in women with diabetes is related
to IR [23]. Our study further validates this association by
using TyG-BMI as a surrogate marker for IR in evaluat-
ing UL Compared to TyG, the TyG-BMI index, by incor-
porating weight factors, provides a more comprehensive
assessment of metabolic status.

The underlying pathophysiology is hypothesized to
involve IR, a pivotal factor in metabolic syndrome, con-
tributing to UI onset via mechanisms related to inflam-
mation, neuronal disruption, oxidative stress, and
alterations in muscle mass and functionality [24].
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Table 2 Associations between TyG-BMI and urinary
incontinence

SUI OR (95% Cl), P-value
Model 1 Model 2 Model 3

Continuous  1.00 (1.00,1.01), 1.01(1.00,1.03), 1.01(1.00,1.01),
<0.0001 <0.0001 <0.0001

Categories

Q1 Reference Reference Reference

Q2 1.21(1.08,1.33), 136 (1.17,159), 1.38(1.17,1.62),
0.0005 <0.0001 <0.0001

Q3 1.34(1.21,1.49), 1.53(1.33,1.77), 149(1.251.71),
<0.0001 <0.0001 <0.0001

Q4 1.86 (1.63,2.11), 246 (2.14,2.84), 236(2.03,2.78),
<0.0001 <0.0001 <0.0001

P for trend <0.001 <0.001 <0.001

yul OR (95% Cl), P-value
Model 1 Model 2 Model 3

Continuous  1.00 (1.00,1.01), 1.01(1.00,1.02), 1.01(1.00,1.01),
<0.0001 <0.0001 <0.0001

Categories

Q1 Reference Reference Reference

Q2 1.26(1.11,1.43), 1.13(0.97,1.31), 1.19(1.06,1.334),
0.0011 0.1076 0.0042

Q3 1.35(1.17,1.55), 1.23(1.05,143), 1.28(1.14,1.44),
<0.0001 <0.0101 <0.0001

Q4 2.01(1.76,2.28), 1.82(1.58,2.08), 1.86(1.65,2.09),
<0.0001 <0.0001 <0.0001

P for trend <0.001 <0.001 <0.001

MUI OR (95% Cl), P-value
Model 1 Model 2 Model 3

Continuous  1.01(1.00,1.01), 1.00(1.00,1.01),  1.01(1.00,1.02),
<0.0001 <0.0001 <0.0001

Categories

Q1 Reference Reference Reference

Q2 132(1.11,1.59), 1.38(1.13,1.69), 1.34(1.09,1.65),
0.0034 0.0017 0.0004

Q3 147 (1.22,1.78), 1.62(1.32,1.94), 141 (1.12,1.76),
<0.0001 <0.0001 <0.0001

Q4 2.38(2.01,2.84), 246(2.03,2.98), 2.07(1.71,251),
<0.0001 <0.0001 <0.0001

P for trend <0.001 <0.001 <0.001

Model 1: unadjusted
Model 2: adjusted for age, gender and race/ethnicity

Model 3: adjusted for variables, including age, gender, race/ethnicity, education
level, marital status, the family poverty ratio, smoking status, alcohol use,
vigorous activity, moderate activity, diabetes, hypertension, high cholesterol,
and health insurance coverage

Abbreviation: TyG-BMI Triglyceride glucose body mass index, SUI Stress Urinary
incontinence, UUI Urge urinary incontinence, MUl Mixed urinary incontinence,
OR odds ratio, 95%Cl 95% confidence interval

Identifying straightforward and clinically valuable indi-
cators of IR has garnered significant interest due to the
costly and cumbersome nature of the HIEC procedures
for diagnosing IR [17]. The HOMA-IR is another often
utilized technique for measuring IR. It is a non-invasive
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method for studying IR, but it is insulin-dependent
and has limited utility in patients on insulin therapy or
without functional B cells [25]. Therefore, there are few
application situations for either approach, mostly due to
the rarity of measuring fasting insulin levels in typical
clinical settings and extensive epidemiological research.
Within this context, Prof. Er first introduced the TyG-
BMI in 2016 [10]—a composite variable comprising fast-
ing plasma glucose (FPG), triglycerides (TG), and body
mass index (BMI). TyG-BMI offers a more straightfor-
ward and economical way to evaluate IR. It may be used
for any patient, regardless of whether they are receiving
insulin therapy, and does not require the measurement of
insulin.

According to recent research, the TyG-BMI is a more
accurate indicator of IR, surpassing traditional measures
such as the Triglyceride-Glucose (TyG) index, BMI, vis-
ceral adiposity index, lipid accumulation products, adi-
pokines, and lipid ratios [10]. Findings showed that the
TyG-BMI performed better in IR prediction than the
TyG index [26]. Moreover, the application of TyG-BMI
extends across diverse clinical contexts, highlighting its
versatility. For instance, Yang X et al. [12] demonstrated
that TyG-BMI and the severity of coronary artery disease
(CAD) in females have a direct linear connection, while
Du Z et al. [27] highlighted its substantial correlation
with ischemic stroke and suggested its utility in refining
risk stratification for these conditions. In a population-
based study, HOMA-IR and the TyG index were less
effective than the TyG-BMI [28]. Additionally, the TyG-
BMI has been independently associated with osteoporo-
tic fractures and non-small cell lung cancer (NSCLC),
underscoring its potential to predict a broad spectrum
of diseases beyond metabolic disorders [29, 30]. In sum-
mary, the TyG-BMI represents a practical and potent tool
for identifying and assessing IR and its associated risks
across diverse diseases.

Additionally, TyG-BMI is also closely associated
with pre-hypertension, diabetes, all-cause mortality in
patients suffering from atrial fibrillation, and non-alco-
holic fatty liver disease [13, 31, 32]. Nevertheless, studies
investigating the correlation between UI and TyG-BMI
are scarce. The problem of UI may cause great suffering
among a wide range of people, especially women and the
elderly. Nonetheless, few markers exist that can reliably
predict the onset of UL The clinical application of TyG-
BMI could, to some extent, reduce the incidence of Ul by
facilitating early intervention and health counselling for
high-risk populations.

One fundamental process associated with IR is oxida-
tive stress. Mitochondrial dysfunction, characterized by
reduced mitochondrial size and DNA content that ele-
vates oxidative stress, represents a primary pathogenic
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Table 3 The TyG-BMI for assessing the association with three types of Ul

Test AUC 95%Cl low 95%Cl upp Cut-off value Specificity Sensitivity
SUl

TyG-BMI 0.828 0.822 0.835 1.164 0.863 0.694

yul

TyG-BMI 0.744 0.735 0.752 1.262 0.706 0.661

MUI

TyG-BMI 0.806 0.797 0816 2193 0.775 0.703

AUC area under curve, 95% Cl 95% confidence interval

feature of IR [33]. Additionally, insulin regulates oxidative
capacity and mitochondrial metabolism through PI3K/
Akt signalling [34, 35]. The induction of oxidative stress
in the bladder suggests that IR could likewise provoke
oxidative damage within the urethral sphincter, poten-
tially altering the functionality of the lower urinary tract
[36]. Blaha I et al. showed that IR correlates with higher
levels of cellular injury caused by oxidative stress. Fur-
thermore, elevated oxidative stress and diminished blood
flow to the bladder could lead to neurological dysfunc-
tion of the bladder and injury to the urethral muscle cells,
culminating in urinary urgency [37]. These findings offer
additional support for the distinct correlation between IR
and UL Moreover, mitochondrial damage leads to signifi-
cant production of reactive oxygen species (ROS), which
subsequently leads to higher levels of inflammatory
cytokines, hindering the function of pancreatic p-cells,
worsening IR, and starting a harmful cycle of IR, mito-
chondrial damage, and inflammation [38, 39].

To our knowledge, prior research has established a
correlation between inflammation and IR, and numer-
ous studies have demonstrated that IR is positively
correlated with high-sensitivity C-reactive protein
[40-43]. Research involving ischemic stroke patients
without diabetes also corroborated this association
[44]. Moreover, IR not only diminishes enzyme activity
in adipocytes but also activates the NLRP3 inflamma-
some, thereby leading to increased levels of inflamma-
tory molecules like TNF-a and IL-6, which initiate the
inflammatory process [45, 46]. Furthermore, although
inflammation is both a cause and a result of insulin
resistance, known to exacerbate each other cyclically
[47], their synergistic role in driving UI still requires
further investigation. And, their synergistic contribu-
tion to the pathophysiology of Ul may involve com-
plex multifactorial pathways. The study revealed that
the inflammatory cytokine TNF-a impeded myogenic
differentiation in human urethral transverse sphincter
cells. This indicates that TNF-a could potentially ele-
vate the likelihood of SUI among older individuals [48].

Moreover, overactive bladder syndrome (OAB) and UI,
conditions exacerbated by inflammation, were studied.
According to research by Chung SD et al. [22], individ-
uals with OAB exhibited significantly elevated levels of
CRP compared to those without OAB.

IR is strongly associated with the start of diabetes and
is a significant contributor to the risk of the disease’s
progression [49, 50]. On the other hand, Nazzal Z et al.
have indicated that diabetes significantly enhances the
likelihood of UL. Among the 400 diabetic females in the
study, 44%, aged 30-83, reported UI [23]. Furthermore,
compared to females without Type 2 Diabetes Mellitus
(T2DM), the prevalence of Ul is considerably greater in
females with T2DM, according to many research find-
ings [51, 52].

The TyG-BMI, an adapted index derived from both
BMI and TyG, is designed to assess the association
with the incidence of UI more accurately. The potential
benefits of TyG-BMI in relation to UI lie in its simple
calculation method, which requires only routine physi-
cal examination data. Additionally, as an important
assessment tool for IR, TyG-BMI can indirectly reflect
the risk of UL Our study presents multiple advantages.
In order to increase the study’s representativeness, we
considered sample weights when analyzing NHANES
data. Furthermore, adjustments were made for several
confounding variables to bolster the data’s reliability.
Given the cross-sectional nature of our study, estab-
lishing causation was beyond our reach. Secondly, Self-
reporting of Ul is indeed the main means of obtaining
disease diagnosis information, so the application and
promotion of TyG-BMI does have limitations to a
certain extent. Furthermore, despite accounting for
numerous factors, the potential influence of additional
confounders could only partially be excluded. Addition-
ally, due to limitations inherent in the NHANES data-
base’s UI questionnaire design, symptoms and medical
information for all three UI types were self-reported
through interview responses, potentially reducing
the count of verifiable Ul cases. Given the reliance on
NHANES database data, further high-quality cohort
studies are necessary to support this connection.
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Conclusions

The results of this investigation showed a correlation
between elevated TyG-BMI levels and an increased risk
of UL a relationship that persisted even after adjusting
for multiple covariates. We speculated that TyG-BMI
could be used as a valuable clinical indicator. To confirm
this relationship, additional prospective studies will be
essential in the coming years.
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