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Nocturia, marked by frequent nighttime urination, significantly impacts quality of life. This study 
explores the association of METS-IR (Metabolic Score for Insulin Resistance) and ABSI (A Body 
Shape Index) with nocturia, using data from the National Health and Nutrition Examination Survey 
(NHANES). A cross-sectional analysis of NHANES data from 2005 to 2020 was performed. Multivariable 
logistic regression assessed the associations between METS-IR, ABSI, and nocturia, adjusting for 
demographic characteristics, chronic diseases, and lifestyle factors. Generalized additive models and 
smoothing splines were used to describe relationship dynamics. Among the 16,450 participants, both 
METS-IR (OR = 1.15, 95% CI: 1.11–1.20, p < 0.0001) and ABSI (OR = 1.14, 95% CI: 1.10–1.19, p < 0.0001) 
were significantly associated with nocturia based on z-scores. An incremental rise in the quartiles of 
METS-IR and ABSI was associated with a higher risk of nocturia. Specifically, compared to the lowest 
quartile (Q1), participants in the highest quartile (Q4) had an OR of 1.45 (95% CI: 1.30–1.61, p < 0.0001) 
for METS-IR and 1.38 (95% CI: 1.23–1.55, p < 0.0001) for ABSI. Subgroup analyses showed a stronger 
association between ABSI and nocturia among individuals living alone and those aged 20–38 years. 
Nonlinear modeling indicated a threshold effect for ABSI, with nocturia risk significantly increasing 
when ABSI exceeded 76.2. Higher METS-IR and ABSI indices are closely linked to a greater prevalence 
of nocturia, indicating that these indices can be valuable in clinical assessments for evaluating nocturia 
risk and supporting preventive strategies.
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Abbreviations
NHANES  National Health and Nutrition Examination Survey
OSA  Obstructive sleep apnea
MetS  Metabolic syndrome
HEC  Hyperinsulinemic-euglycemic clamp
METS  IR-metabolic score for insulin resistance
ABSI  A body shape index
BMI  Body mass index
WC  Waist circumference
HDL  High-density lipoprotein
FBG  Fasting blood glucose
TG  Triglycerides
PIR  Poverty income ratio
OAB  Overactive bladder
LUTS  Lower urinary tract symptoms
TNF  α-Tumor necrosis factor alpha
IL  6-Interleukin 6
GAM  Generalized additive models

Nocturia is a common urinary symptom characterized by frequent nighttime urination1. The Third National 
Health and Nutrition Examination Survey (NHANES) results show that in the US, the prevalence of nocturia 
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is 20.9% among women and 15.5% among men2. While a single nighttime void can define nocturia, two or 
more voids are associated with worse clinical outcomes3. Nocturia not only impacts quality of life due to sleep 
disruption but is also associated with various health issues, including increased risks of obstructive sleep apnea 
(OSA)4, depression5, falls and fractures6, coronary heart disease7, hypertension8, and diabetes9. Data from 
NHANES III indicate a significant association between nocturia and all-cause mortality, suggesting that nocturia 
may signal more severe health risks1.

A collection of metabolic disorders including hypertension, hyperglycemia, abnormal lipid levels, and 
abdominal obesity are collectively referred to as metabolic syndrome (MetS)10. The two primary features of 
MetS are central obesity and insulin resistance11. Insulin resistance refers to reduced sensitivity of the body to the 
action of insulin, leading to elevated blood glucose levels and further exacerbating insulin resistance, forming a 
vicious cycle12. Abdominal obesity, characterized by excessive fat accumulation around visceral organs, is closely 
associated with various metabolic diseases13.

The hyperinsulinemic-euglycemic clamp (HEC) is widely regarded as the gold standard for assessing insulin 
sensitivity in peripheral tissues14, as it directly measures insulin’s ability to promote glucose uptake under 
controlled conditions15. However, due to its complexity, invasiveness, and time-consuming nature, HEC is rarely 
used in clinical practice and large-scale studies16. Therefore, simpler indices are often employed as alternatives. 
The metabolic score for insulin resistance (METS-IR) is a novel scoring system based on blood glucose, 
body weight, and lipid levels. It evaluates insulin resistance without the need for direct insulin measurement, 
offering convenience and cost-effectiveness. Studies have shown that METS-IR demonstrates greater sensitivity 
and accuracy in evaluating insulin sensitivity and predicting type 2 diabetes and cardiovascular events17,18. 
Meanwhile, the A Body Shape Index (ABSI) is a new obesity index based on WC19. Studies have shown that 
ABSI is closely associated with cardiovascular disease and metabolic syndrome, and can assess these risks 
independently of Body Mass Index (BMI)20–24. Compared to traditional obesity measures, ABSI provides a more 
accurate reflection of visceral fat distribution, offering more precise risk assessments for clinical use.

Studies suggest that nocturia and MetS may share similar pathophysiological mechanisms25, including 
autonomic nervous system dysfunction26, bladder ischemia caused by atherosclerosis27, and the production of 
inflammatory mediators28. Numerous investigations have verified a noteworthy correlation between MetS and 
the higher occurrence of nocturia29,30.

However, no research has yet explored the association between nocturia, ABSI, and METS-IR. Therefore, the 
purpose of this study is to determine whether METS-IR and ABSI are associated with nocturia. By analyzing 
data from the 2005–2020 NHANES, this study aims to provide a basis for risk stratification and personalized 
management of nocturia.

Methods
Study participants
To assess adults’ and children’s nutritional and health conditions in the United States, the NHANES is a nationally 
representative cross-sectional survey. The demographic, examination, laboratory, and questionnaire data from 
NHANES 2005–2020—which may be downloaded from the NHANES website at  h t t p s : / / w w w . c d c . g o v / n c h s / n h 
a n e s / i n d e x . h t m l    —were integrated to create the study data. Out of 76,496 participants, 38,998 were excluded for 
not completing the urinary questionnaire, 20,352 were excluded due to missing data on fasting blood glucose 
(FBG), triglycerides (TG), total cholesterol (TC), BMI, or high-density lipoprotein (HDL), 320 were excluded 
for reporting benign prostatic hyperplasia, 51 were excluded for undergoing dialysis due to chronic kidney 
disease, and 325 were excluded for lacking waist circumference (WC) data. As shown in Fig. 1, a total of 16,450 
participants were included in the study.

Outcome ascertainment
The exposure variables in this study were the ABSI index and the METS-IR index. The METS-IR formula is: 
METS-IR = Ln[(2 × FBG (mg/dL)) + TG (mg/dL)] × BMI (kg/m²) / [Ln(HDL (mg/dL))]31. The ABSI formula 
is: ABSI = WC (cm) / [BMI(kg/m2)^(2/3) × height (cm)^(1/2)] ×1000 19. FBG and TG were measured using 
enzymatic techniques on an automated biochemical analyzer. The “Body Measurements” component of the 
examination data contains information on weight, height, and WC. The measurements of weight, height, 
and WC followed NHANES protocol: Weight: Measured using a Toledo electronic scale (in kilograms), with 
participants dressed only in undergarments and disposable paper gowns. Height: Measured using a fixed 
stadiometer, with participants standing upright, heels together, and head aligned with the Frankfurt horizontal 
plane. WC: Measured at the uppermost edge of the iliac crest using a tape measure, ensuring the tape is snug but 
not compressing the skin. BMI was calculated as weight (kg) divided by height (m) squared.

Nocturia assessment
Nocturia was assessed through a questionnaire asking participants, “How many times a night, from the time 
you went to bed until you got up in the morning, did you usually get up to urinate during the last thirty days?” 
The response options ranged from 0 to 5 or more times per night. Participants reporting two or more nightly 
urinations were classified as having nocturia8.

Covariate assessment
The multivariable models included ABSI and other confounders potentially affecting the relationship between 
nocturia and METS-IR, as informed by previous research. These covariates include age, gender, racial background, 
education level, poverty income ratio (PIR), and marital status, cholesterol levels, smoking, alcohol consumption, 
diabetes, coronary heart disease, and depression. Education levels were categorized into three groups: less than 
high school, high school or equivalent, and college degree or higher. Marital status was categorized as living 
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with a partner or living alone. PIR, the ratio of a family’s income to the poverty threshold, was used to classify 
participants into two income categories: low income (PIR ≤ 1.3) and non-poor income (PIR > 1.3)32.

Medical history information was collected through household interviews and laboratory measurements.
Participants were considered hypertensive if they had been previously diagnosed or were currently on 
antihypertensive medication. Diabetes was characterized as having received a prior diagnosis of the disease 
or as being on medication to reduce glucose levels. Individuals previously diagnosed with hyperlipidemia or 
currently using lipid-lowering medication were defined as having hyperlipidemia. Participants were classed as 
having coronary heart disease if they indicated in the “yes” category when asked if they had been informed of 
their condition by a medical expert. Never smoked was defined as having smoked fewer than 100 cigarettes in 
one’s lifetime, while Ever smoked was defined as having smoked at least 100 cigarettes. Low alcohol consumption 
referred to having fewer than 12 alcoholic drinks in the past year, and High alcohol consumption was defined as 
having consumed 12 or more alcoholic drinks within the past year. The nine-item Patient Health Questionnaire 
was used to gauge the severity of depression (PHQ-9)33, with a score of ≥ 5 considered indicative of mild 
depression.

Statistical analysis
In this study, we standardized METS-IR, ABSI, BMI, and WC variables into z-scores to facilitate comparisons. 
For the combined period of 2005–2020, we calculated the weights separately for 2005–2016 and 2017–2020, using 
the variables WTMEC2YR and WTMEC2PRP. The specific calculation methods are as follows: For participants 
from 2005 to 2016, weights were calculated as WTMEC2YR/7.625, while for 2017–2020, the calculation was 
WTMEC2PRP × 1.625/7.625. More information can be found on  h t t    p s  :  / /  w w  w n .  c d c . g o v /  n  c h s / n h a n e s / a n a l y t i c 
g u i d e l i n e s . a s p x     .  

Data presentation
Categorical variables were expressed as counts and percentages (%), while METS-IR, ABSI, BMI, and WC 
variables were presented as means ± standard deviation or medians (interquartile ranges) based on z-scores. 
Differences in continuous variables were analyzed using weighted linear regression models, and differences in 
categorical variables were tested using weighted chi-square tests.

Regression analysis
We used weighted logistic regression to examine the association between METS-IR, ABSI, BMI, WC, and 
nocturia, presenting odds ratios (ORs) and 95% confidence intervals (CIs) for each model. All indices were 
standardized as z-scores. Model 1 adjusted for demographic factors such as sex, age, and race. Model 2 further 
adjusted for lifestyle factors including smoking, alcohol consumption, education, income, and marital status. 

Fig. 1. Flow chart showing the NHANES 2005–2020 participants’ selection.
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Model 3 added adjustments for health-related factors, including cholesterol levels, hypertension, cardiovascular 
disease, diabetes, and depression.

Sensitivity and interaction analyses
To assess potential interactions and confounding factors, we conducted sensitivity analyses by stratifying for 
demographic factors and metabolic syndrome status. We used the likelihood ratio test to evaluate interactions 
and applied generalized additive models (GAM) to assess the dose-response relationships between METS-IR, 
ABSI, BMI, WC, and nocturia. When nonlinearity was observed, we used smooth curve fitting to determine if 
independent variables should be split into intervals. We then applied segmented regression to fit separate lines to 
each interval, using the likelihood ratio test to compare the segmented model with a linear model to determine 
the presence of thresholds.

Model comparison and AIC analysis
In order to compare model fit, we calculated the Akaike Information Criterion (AIC) for each model. A lower 
AIC score indicates a better trade-off between model complexity and accuracy and a better model fit.

R software (http://www.R-project.org) and Empower (http://www.empowerstats.com) were used for all data 
analysis in this research. When p < 0.05, statistical significance was established.

Results
Baseline characteristics
16,450 persons with an average age of 49.39 years were enrolled in the study; 48.38% of them were men. Compared 
to the non-nocturia group, individuals with nocturia were older on average (56.07 vs. 46.21), had higher HDL 
levels (52.00 vs. 51.00), higher TG levels (106.00 vs. 99.00), lower LDL levels (108.00 vs. 111.00), higher BMI 
(30.48 ± 7.40 vs. 28.61 ± 6.55), higher WC (103.19 ± 16.89 vs. 97.79 ± 15.94),higher METS-IR (45.55 ± 13.33 vs. 
42.48 ± 12.13), and higher ABSI (82.82 ± 5.04 vs. 81.10 ± 4.75). Additionally, the prevalence of hypertension, 
hyperlipidemia, diabetes, coronary heart disease, and depressive disorders was notably greater in the nocturia 
group, with higher rates of alcohol and tobacco use (details are provided in Table 1).

Associations of METS-IR and ABSI with the prevalence of nocturia
Table  2 shows that after adjusting for all covariates, both METS-IR and ABSI, as continuous variables, are 
significantly associated with nocturia in Model 3. The OR for METS-IR is 1.15 (95% CI: 1.11–1.20, p < 0.0001), 
and for ABSI, the OR is 1.14 (95% CI: 1.10–1.19, p < 0.0001). In the quartile analysis, compared to the lowest 
quartile (Q1), the highest quartile (Q4) of METS-IR has an OR of 1.45 (95% CI: 1.30–1.61, p < 0.0001), and 
for ABSI, the OR for Q4 compared to Q1 is 1.38 (95% CI: 1.23–1.55, p < 0.0001). In Supplementary Table 1, 
we also analyzed the relationship between BMI, WC, and nocturia. After adjusting for all covariates, both BMI 
and WC were significantly associated with nocturia. In Model 3, compared to the Q1, Q4 of BMI is 1.43 (95% 
CI: 1.29–1.59, p = 0.0001), and for WC, the OR for Q4 compared to Q1 is 1.54 (95% CI: 1.39–1.72, p < 0.0001). 
To compare model performance, we calculated the Akaike Information Criterion (AIC) for each model. The 
AIC values were as follows: METS-IR (20476.24), BMI (20427.33), WC (20302.44), and ABSI (20244.15) (see 
Supplementary Table 2).

Subgroup analysis
We performed subgroup analyses based on gender, age, education level, race, income, marital status, and 
metabolic syndrome status (see Fig. 2). After adjusting for other covariates, the results showed that the associations 
between METS-IR, ABSI, and nocturia were consistent across most subgroups. However, marital status and age 
significantly modified the relationship between ABSI and nocturia. Specifically, the association was stronger in 
participants who were living alone and in the younger age group (20–38 years) (P for interaction = 0.0010 and 
0.0097). Other demographic factors, such as gender and race, did not significantly influence these associations. 
Additionally, the analysis presented in Supplementary Fig. 1 demonstrated that the associations between BMI, 
WC, and nocturia were relatively consistent across various subgroups.

Dose-response relationship
The dose-response analysis showed that METS-IR z-score was linearly associated with the prevalence of nocturia 
(non-linearity p = 0.490, Fig.  3a), while the ABSI z-score exhibited a non-linear relationship (non-linearity 
p = 0.015, Fig. 3b). For the BMI z-score, a linear relationship was observed (non-linearity p = 0.511, Fig. 3c), 
whereas WC z-score demonstrated a non-linear association (non-linearity p = 0.029, Fig. 3d).

Threshold effect analysis identified the inflection point for ABSI at 76.2. When ABSI was below 76.2, nocturia 
prevalence showed no significant change (OR = 0.88, 95% CI: 0.74–1.04, p = 0.1409). However, when ABSI 
exceeded 76.2, the prevalence of nocturia became significantly higher (OR = 1.19, 95% CI: 1.13–1.25, p < 0.0001). 
Similarly, for WC, nocturia prevalence did not significantly change when WC was below 93.77 (OR = 1.04, 95% 
CI: 0.93–1.17, p = 0.4558), but it became significantly higher when WC was above this threshold (OR = 1.23, 95% 
CI: 1.06–1.42, p = 0.0049). (See Supplementary Table 3)

Discussion
This study is the first to reveal the association between METS-IR and ABSI indices with the prevalence of 
nocturia. Through multivariable logistic regression analysis, we found a significant positive correlation between 
higher METS-IR and ABSI indices and nocturia prevalence. Subgroup analyses and interaction tests showed 
that this association remained consistent across most demographic subgroups, except for marital status and age 
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Variables Total (n = 16450)

Nocturia

PNo (n = 11147) Yes (n = 5303)

Age (years) 49.39 ± 17.57 46.21 ± 17.01 56.07 ± 16.84 < 0.001

METS-IR 43.47 ± 12.61 42.48 ± 12.13 45.55 ± 13.33 < 0.001

ABSI 81.66 ± 4.91 81.10 ± 4.75 82.82 ± 5.04 < 0.001

BMI (kg/m2) 29.21 ± 6.89 28.61 ± 6.55 30.48 ± 7.40 < 0.001

WC (cm) 99.53 ± 16.45 97.79 ± 15.94 103.19 ± 16.89 < 0.001

HDL (mg/dl) 52.00 (42.00, 63.00) 51.00 (42.00, 62.00) 52.00 (43.00, 64.00) 0.008

TG (mg/dl) 101.00 (69.00, 150.00) 99.00 (68.00, 147.00) 106.00 (72.00, 156.00) < 0.001

LDL (mg/dl) 110.00 (88.00, 135.00) 111.00 (89.00, 136.00) 108.00 (86.00, 134.00) < 0.001

TC (mg/dl) 188.00 (163.00, 
217.00) 189.00 (163.00, 217.00) 188.00 (161.00, 217.00) 0.341

Cr (mg/dl) 0.84 (0.70, 1.00) 0.84 (0.71, 0.99) 0.83 (0.70, 1.01) 0.182

BUN (mg/dl) 5.40 (4.40, 6.40) 5.40 (4.50, 6.30) 5.40 (4.40, 6.50) 0.07

Gender (%) < 0.001

 Male 7959 (48.38) 5691 (51.05) 2268 (42.77)

 Female 8491 (51.62) 5456 (48.95) 3035 (57.23)

Education level (%) < 0.001

 Less than high school graduate 3927 (23.87) 2269 (20.36) 1658 (31.27)

 High school graduate or GED 3800 (23.10) 2452 (22.00) 1348 (25.42)

 Some college or above 8723 (53.03) 6426 (57.65) 2297 (43.32)

Race (%) < 0.001

 Mexican American 2561 (15.57) 1736 (15.57) 825 (15.56)

 Non-Hispanic white 1681 (10.22) 1118 (10.03) 563 (10.62)

 Non-Hispanic black 6987 (42.47) 4970 (44.59) 2017 (38.04)

 Other Hispanic 3418 (20.78) 1973 (17.70) 1445 (27.25)

 Other race/ethnicity 1803 (10.96) 1350 (12.11) 453 (8.54)

Marital status (%) < 0.001

 Married/Living with a partner 6543 (39.78) 4237 (38.01) 2306 (43.48)

 Living alone 9907 (60.22) 6910 (61.99) 2997 (56.52)

Income level (%) < 0.001

 Low income 10,413 (63.30) 7422 (66.58) 2991 (56.40)

 Non-low income 6037 (36.70) 3725 (33.42) 2312 (43.60)

Alcohol consumption (%) < 0.001

 Low 6583 (40.02) 4119 (36.95) 2464 (46.46)

 High 9867 (59.98) 7028 (63.05) 2839 (53.54)

Smoking status (%) < 0.001

 Never smoked 9046 (54.99) 6304 (56.55) 2742 (51.71)

 Ever smoked 7404 (45.01) 4843 (43.45) 2561 (48.29)

Hypertension (%) < 0.001

 No 10,482 (63.72) 7849 (70.41) 2633 (49.65)

 Yes 5968 (36.28) 3298 (29.59) 2670 (50.35)

Hyperlipidemia (%) < 0.001

 No 10,461 (63.59) 7501 (67.29) 2960 (55.82)

 Yes 5989 (36.41) 3646 (32.71) 2343 (44.18)

Diabetes mellitus (%) < 0.001

No 14,235 (86.53) 10,071 (90.35) 4164 (78.52)

Yes 2215 (13.47) 1076 (9.65) 1139 (21.48)

Coronary heart disease (%) < 0.001

 No 15,812 (96.12) 10,836 (97.21) 4976 (93.83)

 Yes 638 (3.88) 311 (2.79) 327 (6.17)

Depressive disorder (%) < 0.001

 No 12,460 (75.74) 9016 (80.88) 3444 (64.94)

 Yes 3990 (24.26) 2131 (19.12) 1859 (35.06)

METS-IR quantile (%) < 0.001

 Q1 (17.14–34.37) 4113 (25.00) 3089 (27.71) 1024 (19.31)

 Q2 (34.37–41.56) 4112 (25.00) 2817 (25.27) 1295 (24.42)

Continued
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groups, which exhibited significant differences. Further smoothing curve analysis indicated a linear association 
between METS-IR and nocturia, whereas ABSI showed a non-linear relationship, with a threshold at 76.2. AIC 
analysis demonstrated that the ABSI model provided the best fit. BMI and WC were also significantly associated 
with nocturia. Quartile analysis revealed that higher BMI and WC were linked to greater nocturia risk. However, 
compared to BMI and WC, METS-IR and ABSI indices appeared to offer advantages in evaluating metabolic 
health and nocturia risk.

METS-IR is a composite index that evaluates insulin resistance by integrating fasting glucose, TG, HDL-C, 
and BMI, without relying on fasting insulin levels17. METS-IR offers a simpler and more cost-effective way to 
assess metabolic health, particularly excelling in predicting diseases related to metabolic syndrome34,35. Previous 
studies, such as those by Rohrmann et al., have shown that men with metabolic syndrome are at higher risk 
of nocturia and incomplete bladder emptying36. Additionally, insulin resistance has been linked to overactive 
bladder (OAB), with MetS-associated OAB potentially representing a distinct subtype25.

Variables Model 1 Model 2 Model 3

METS-IR 1.27 (1.22, 1.31) < 0.0001 1.25 (1.21, 1.29) < 0.0001 1.15 (1.11, 1.20) < 0.0001

ABSI 1.22 (1.17, 1.27) < 0.0001 1.18 (1.13, 1.22) < 0.0001 1.14 (1.10, 1.19) < 0.0001

METS-IR quartile

 Q1 (Z < -0.722) Reference Reference Reference

 Q2 (-0.722 ≤ Z < -0.152) 1.22 (1.10, 1.35) 0.0001 1.22 (1.10, 1.35) 0.0002 1.16 (1.05, 1.29) 0.0054

 Q3 (-0.152 ≤ Z < 0.536) 1.27 (1.15, 1.41) < 0.0001 1.26 (1.14, 1.40) < 0.0001 1.14 (1.02, 1.26) 0.0194

 Q4 (Z ≥ 0.536) 1.86 (1.68, 2.05) < 0.0001 1.79 (1.62, 1.98) < 0.0001 1.45 (1.30, 1.61) < 0.0001

ABSI

 Q1 (Z < -0.667) Reference Reference Reference

 Q2 (-0.667 ≤ Z < -0.012) 1.10 (0.99, 1.23) 0.0663 1.08 (0.97, 1.20) 0.1606 1.05 (0.94, 1.17) 0.4053

 Q3 (-0.012 ≤ Z < 0.659) 1.26 (1.13, 1.40) < 0.0001 1.21 (1.08, 1.34) 0.0006 1.15 (1.03, 1.28) 0.0127

 Q4 (Z ≥ 0.659) 1.63 (1.46, 1.82) < 0.0001 1.49 (1.33, 1.67) < 0.0001 1.38 (1.23, 1.55) < 0.0001

Table 2. Weighted relationship between Z-score of METS-IR, ABSI, and nocturia. ORs, 95% CIs, and p-values 
are used to display the data. Both METS-IR and ABSI are presented as Z-scores (standardized values) for 
continuous variables and quartiles. Model 1: adjusted for gender, race, age; Model 2: further adjusted for 
income, marital status, education level, smoking status and alcohol consumption; Model 3: further adjusted for 
cholesterol, hypertension, cardiovascular disease, diabetes, and depression based on Model 2.

 

Variables Total (n = 16450)

Nocturia

PNo (n = 11147) Yes (n = 5303)

 Q3 (41.56–50.22) 4112 (25.00) 2758 (24.74) 1354 (25.53)

 Q4 (50.22- 129.57) 4113 (25.00) 2483 (22.28) 1630 (30.74)

ABSI quantile (%) < 0.001

 Q1 (60.03–78.38) 4113 (25.00) 3122 (28.01) 991 (18.69)

 Q2 (78.38–81.60) 4112 (25.00) 2981 (26.74) 1131 (21.33)

 Q3 (81.60–84.90) 4112 (25.00) 2742 (24.60) 1370 (25.83)

 Q4 (84.49- 111.47) 4113 (25.00) 2302 (20.65) 1811 (34.15)

BMI quantile, n(%) < 0.001

 Q1 (13.40–24.40) 4076 (24.78) 3038 (27.25) 1038 (19.57)

 Q2 (24.40- 28.08) 4148 (25.22) 2914 (26.14) 1234 (23.27)

 Q3 (28.08–32.64) 4112 (25.00) 2743 (24.61) 1369 (25.82)

 Q4 (32.64- 82.00) 4114 (25.01) 2452 (22.00) 1662 (31.34)

WC quantile, n(%) < 0.001

 Q1 (56.2–87.90) 4092 (24.88) 3114 (27.94) 978 (18.44)

 Q2 (87.90–98.20) 4123 (25.06) 2955 (26.51) 1168 (22.03)

 Q3 (98.20- 109.10) 4110 (24.98) 2696 (24.19) 1414 (26.66)

 Q4 (109.10–178.00) 4125 (25.08) 2382 (21.37) 1743 (32.87)

Table 1. Baseline characteristics of Nocturia in adults aged 20 years and older. Percentages for categorical 
variables are calculated based on the frequency of observations in the sample. BMI body mass index, HDL 
high-density lipoprotein, LDL low-density lipoprotein, TG triglycerides,TC total cholesterol, Cr serum 
creatinine, BUN blood urea nitrogen, WC waist circumference.
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ABSI was developed to address the limitations of BMI and provides a better assessment of visceral fat 
distribution and related health risks37,38. Unlike BMI, which only measures body weight, ABSI combines WC, 
height, and weight, offering a more precise evaluation of abdominal obesity and its impact on health39. The 
association between abdominal obesity and nocturia has been well-documented in several studies, with a 
cross-sectional study showing that adults with abdominal obesity are more prone to moderate-to-severe lower 
urinary tract symptoms (LUTS)40. Abdominal obesity is also an independent risk factor for OAB and LUTS in 
women41,42. and is associated with increases in BMI and metabolic syndrome43,44. This is consistent with our 
study conclusions.

Insulin resistance and abdominal obesity often interact and share common mechanisms that may increase 
the risk of nocturia45. Insulin resistance may impair renal sodium and water reabsorption, leading to greater 
nighttime urine volume46. Abdominal obesity increases intravesical pressure, reducing bladder capacity, 
particularly at night44. Additionally, chronic low-grade inflammation, as indicated by higher levels of markers 

Fig. 2. Subgroup analysis of the relationship between the prevalence of nocturia and METS-IR (a), and 
ABSI (b). Adjusted for gender, race, age, income, marital status, education level, cholesterol, hypertension, 
cardiovascular disease, diabetes, smoking status, alcohol consumption, and depression, except for the stratified 
factor itself.
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such as TNF-α and IL-6, can exacerbate bladder nerve dysfunction, contributing to a higher risk of nocturia47. 
Hormonal shifts, particularly in antidiuretic hormone ( ADH ) regulation, may also play a role in the greater 
occurrence of nocturia48.

In our subgroup analysis, the association between ABSI and nocturia was more pronounced among younger 
individuals (aged 20–38) and those living alone. The higher metabolic rate in younger individuals may amplify 
the impact of abdominal fat distribution on health outcomes, including nocturia49. Additionally, unhealthy 
lifestyle behaviors, such as sedentary habits and poor dietary choices, are more prevalent in younger populations 
and may further exacerbate the relationship between ABSI and nocturia50. For individuals living alone, the 
lack of social support and greater psychological stress may contribute to a higher risk risk of nocturia51,52. 
Their irregular lifestyle, including less structured eating and exercise patterns, could heighten the health risks 
associated with abdominal obesity53,54. These combined factors may explain the stronger association observed 
between ABSI and nocturia in these subgroups.

This study, based on the large sample dataset from NHANES, ensures the representativeness and 
generalizability of the study sample. The large sample size provides higher statistical power, reducing the influence 
of random errors. Additionally, we used METS-IR and ABSI, two comprehensive metabolic indicators, which 
more holistically reflect individuals’ metabolic health and body shape characteristics compared to traditional 
single indicators like BMI. By adjusting for multiple potential confounders in the multivariable models, we 
improved the reliability and scientific validity of the results. The application of stratified analysis allowed us 
to explore the relationships between metabolic indices and nocturia across different demographic subgroups, 
revealing potential heterogeneity and providing a basis for personalized intervention measures.

However, this study has several limitations. First, the cross-sectional design restricts us from establishing 
causality, leaving the possibility of reverse causation55. While we observed an association between nocturia and 
both METS-IR and ABSI, we cannot determine if nocturia causes these metabolic issues or is a result of them. 
Future research should adopt longitudinal designs to clarify these relationships. Nevertheless, it is unlikely that 
nocturia would lead to insulin resistance or abdominal obesity, as these are typically the causes rather than the 
outcomes of nocturia.Second, the diagnosis of nocturia relies on self-reports, which may introduce recall bias 
and inaccuracies. Furthermore, despite adjusting for many confounding factors, unmeasured variables such as 
dietary habits, sleep quality56, and psychological stress might still affect the results. Lastly, this study uses data 
primarily from the U.S. population, so further validation is required for other racial and regional groups.

Fig. 3. GAM smooth curve fitting analysis evaluating the relationship between METS-IR (a), ABSI (b), BMI 
(c), WC (d) and the prevalence of nocturia. The red solid line represents the probability of nocturia, and the 
red shaded area indicates the 95% CI curve.
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The findings of this study emphasize the importance of considering METS-IR and ABSI as evaluation 
tools for metabolic health in the clinical prevention and intervention of nocturia. This suggests that healthcare 
professionals should comprehensively consider these metabolic indices when assessing the risk of nocturia 
in patients. Given the close relationship between nocturia, abdominal obesity, and insulin resistance, actively 
intervening in these metabolic issues can not only improve patients’ overall health but also effectively prevent 
the occurrence of nocturia.

Conclusion
This study demonstrates a significant association between METS-IR and ABSI indices and the prevalence of 
nocturia. METS-IR index showed a linear positive correlation with the prevalence of nocturia, whereas ABSI 
index exhibited a nonlinear relationship. Our findings underscore the need to consider these metabolic indices 
in the clinical prevention and intervention of nocturia.

Data availability
The data used in this study were derived from the National Health and Nutrition Examination Survey (NHANES) 
2005-2020 datasets, which are publicly available and can be accessed through the NHANES website at  h t t p s : / / w 
w w . c d c . g o v / n c h s / n h a n e s / i n d e x . h t m     . The NHANES datasets include comprehensive demographic, examination, 
laboratory, and questionnaire data. All data supporting the findings of this study are available from the corre-
sponding author upon reasonable request.
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