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Aim: Prior studies have linked obesity indicators to constipation/diarrhea, but multi-measure comparisons remain limited. We analyzed these associations in U.S. adults.

Methods: This cross-sectional study utilized data from three cycles (2005–2010) of the National Health and Nutrition Examination Survey (NHANES). The final analysis included 13,105 participants after excluding those aged < 20 years or with missing data for any study variables. Bowel habits were categorized using the Bristol Stool Form Scale (BSFS). Multiple analytical approaches were employed: descriptive statistics, weighted multivariable logistic regression, weighted restricted cubic spline (RCS) analysis, subgroup analyses, and sensitivity analysis. We evaluated the diagnostic performance of various anthropometric indices—waist circumference (WC), body mass index (BMI), relative fat mass (RFM), body roundness index (BRI), weight-adjusted waist index (WWI), waist-to-height ratio (WHtR), and a body shape index (ABSI)—for chronic diarrhea and constipation using receiver operating characteristic (ROC) curve analysis and the area under the curve (AUC).

Results: Weighted multivariable logistic regression revealed significant positive associations between seven obesity indicators and diarrhea (all P < 0.05), with the highest odds ratios (ORs) observed in the top quartiles for WWI (OR = 1.937, 95% CI = 1.516–2.474, P < 0.001) and RFM (OR = 1.870, 95% CI = 1.254–2.790, P = 0.003). Meanwhile, RFM, BRI, WC, BMI, and WHtR showed significant inverse associations with constipation (P < 0.05), with the lowest ORs observed for the top quartiles of BMI (OR = 0.530, 95% CI = 0.408–0.689, P < 0.001) and RFM (OR = 0.599, 95% CI = 0.409–0.879, P = 0.011). By contrast, the top ABSI quartile exhibited a positive association with constipation (OR = 1.262, 95% CI = 1.014–1.571, P = 0.038). ROC analysis indicated RFM as the most discriminative indicator for constipation (AUC = 0.577) and WWI for diarrhea (AUC = 0.614), respectively, among tested indices. RCS analysis demonstrated an inverse J-shaped relationship between RFM and constipation and a linear positive association between WWI and diarrhea. Subgroup analyses further validated the robust associations of RFM and WWI with intestinal disorders across strata of age, sex, race, smoking, drinking, sleep disturbances, diabetes, and depression. Sensitivity analyses yielded consistent results, supporting the stability of these findings.

Conclusions: The seven indicators are useful indicators for assessing intestinal disorders in U.S. adults, with RFM and WWI demonstrating the highest discriminative ability for constipation and diarrhea, respectively.

Keywords
obesity, anthropometric indicators, constipation, diarrhea, NHANES


1 Introduction

With economic development, dietary patterns and lifestyles have undergone significant changes, leading to an increased prevalence of gastrointestinal disorders. Chronic diarrhea is characterized by increased bowel frequency and loose stools persisting for more than 4 weeks, with a prevalence of approximately 11%−30% in the U.S. population, affecting about 6.6 % of adults (1–3). Chronic constipation is defined as fewer than three bowel movements per week, typically accompanied by hard or lumpy stools, incomplete evacuation, and bloating, and affects 9%−20% of U.S. adults (4, 5). Chronic constipation and diarrhea, as prevalent gastrointestinal disorders worldwide, pose significant challenges to public health. These disorders substantially impair patients' quality of life while imposing considerable financial strain on healthcare systems (6, 7).

Global obesity rates and associated diseases are steadily increasing, surpassing 2 billion overweight individuals worldwide (8). Recent epidemiological data (2021) reveal that approximately 21.4 million U.S. individuals aged 15–24 years and 172 million aged ≥25 years met diagnostic criteria for overweight or obesity. Obesity rates are escalating steadily, with projections indicating that 50% of U.S. adults will meet obesity criteria by 2030, while combined overweight/obesity prevalence may surpass 80% by mid-century (9, 10). Obesity raises the risk of cardiovascular diseases, diabetes, and various cancers, including colon, stomach, breast, and kidney cancer. It is also significantly associated with non-neoplastic gastrointestinal disorders. Excess adiposity elevates pro-inflammatory cytokines (TNF-α, IL-6) and leptin while suppressing adiponectin, driving chronic low-grade inflammation, intestinal barrier dysfunction (increased permeability), and gut microbiota dysbiosis; meanwhile, central obesity increases intra-abdominal pressure and gastric acid secretion while reducing lower esophageal sphincter pressure and length, further impairing esophageal motility (11, 12). Substantial evidence indicates an elevated susceptibility to chronic diarrhea among obese populations (12, 13). However, the association of obesity with constipation remains complex and inconsistent. Some studies show higher rates of constipation in adults with class II and III obesity, while others have shown that low BMI and reduced abdominal fat are associated with constipation risk and hard stools. Furthermore, some studies have found no significant association between obesity and functional constipation (14–17).

While BMI serves as a simple tool for assessing weight status, it fails to distinguish adipose tissue from muscle mass or characterize fat distribution. WC provides an alternative method to estimate visceral fat (18). However, the traditional use of BMI and WC may not adequately capture their associations with obesity-related diseases. In recent years, numerous cost-effective and innovative indices have emerged, enabling more precise and comprehensive multidimensional assessment of obesity. For instance, the RFM estimates body fat content and exhibits superior accuracy over BMI in predicting whole-body fat percentage in both male and female (19). The WWI independently reflects central obesity and excels in accurately assessing both central and visceral obesity (20). The BRI captures body roundness and fat distribution patterns, particularly central obesity, while the ABSI reflects abdominal fat distribution, especially visceral fat accumulation (21, 22).

The aim of this study was to investigate associations between multiple obesity-related indicators and both constipation and diarrhea, identify the strongest predictors for each condition among tested indices, and provide evidence to inform clinical prevention and treatment strategies.



2 Methods


2.1 Study design and participants

This is a cross-sectional analysis of publicly available data from three consecutive NHANES cycles (2005–2006, 2007–2008, and 2009–2010) that included bowel-health assessments. The NHANES is an ongoing epidemiological surveillance program conducted by the Centers for Disease Control and Prevention (CDC) to evaluate the health and nutritional status of the U.S. population (23). The survey was approved by the Ethics Review Board of the National Center for Health Statistics (NCHS), with all participants providing voluntary informed consent. Additional information is freely available on the NHANES website (https://www.cdc.gov/nchs/nhanes/index.htm).

The study engaged 31,034 participants. Exclusion criteria included the following: age under 20 years, missing bowel habits, missing information on the seven body measurements (WC, BMI, RFM, BRI, WWI, WHtR, ABSI), and missing information on covariates. We ended up with 13,105 eligible subjects. Figure 1 details the participant screening process.


[image: Flowchart depicting the selection process from the NHANES 2005-2010 study. Starting with 31,034 participants, 16,415 were excluded due to incomplete chronic diarrhea and constipation data, leaving 14,619. From these, 393 were removed for incomplete Body Measurement Index data, resulting in 14,226. Further, 1,121 were excluded for incomplete covariates data, leaving 13,105 participants. The final groups are normal bowel (11,117), chronic constipation (1,001), and chronic diarrhea (987).]
FIGURE 1
 Flowchart of participant selection process.




2.2 Variables
 
2.2.1 Bowel health questionnaire

The study employed the Bowel Health Questionnaire for bowel disorder classification. During assessments, participants referenced Bristol Stool Form Scale (BSFS) visual aid to describe stool types 1–7. Following established criteria, chronic constipation was characterized by predominantly BSFS Types 1 or 2 (hard/lumpy stools), while chronic diarrhea comprised Types 6 or 7 (mushy/watery stools). All other participants were categorized as having normal bowel habits (20, 24).



2.2.2 Obesity-related anthropometric indicators

To examine adiposity-bowel habit associations, we analyzed directly measured anthropometric data from NHANES and incorporated seven obesity-related indicators: WC, BMI, RFM, BRI, WWI, WHtR, and ABSI. WC = horizontal circumference around the umbilicus (cm). BMI = weight (kg)/[height (m)]2. RFM = 64 – (20 × height (m) / WC (m)) + (12 × sex), where sex = 1 for female and 0 for male. BRI = 364.2 – 365.5 × √[1 – (WC/(2π))2/(0.5 × height)2]. WWI is calculated by dividing WC (cm) by the square root of weight (kg). WHtR = WC (cm)/height (cm). ABSI = WC (m)/[BMI(2/3) * height (m)(1/2)]. All measurements were performed by certified NHANES staff using calibrated equipment. These indices were selected due to their practicality in assessment and general acknowledgment (19–22).



2.2.3 Covariates

Potential confounders were adjusted as covariates. The demographic characteristics included: age (>20), sex, race (Mexican American, non-Hispanic White, non-Hispanic Black, other), marital status, and education level (below high school, high school, and above high school), and socioeconomic level [Low income: Poverty income ratio (PIR) < 1.3; Middle income: 1.3 ≤ PIR < 3.5; High income: PIR ≥ 3.5]. Furthermore, we incorporated various self-reported lifestyle factors and clinical measures, including alcohol consumption (drinker: ≥12 standard drinks/year; non-drinker: < 12 drinks/year), smoking (never smokers, current smokers, and former smokers), sleep disturbances, mental health [Not Depressed: Patient Health Questionnaire-9 (PHQ-9) score < 10; Depressed: PHQ-9 score ≥ 10], and diabetes mellitus.




2.3 Statistical analyses

To enhance the representativeness of our findings, we selected WTMEC2YR/3 as the analytic weights in accordance with NHANES analytical guidelines. Baseline characteristics of individuals with normal bowel function, chronic diarrhea, and chronic constipation were summarized using descriptive statistics, with continuous variables as mean ± SD and categorical variables as proportions. Three progressively adjusted weighted logistic regression models analyzed associations between seven adiposity indices and bowel disorders: Model 1 (crude), Model 2 (demographically adjusted for age, sex, race), and Model 3 (further adjusted for education level, socioeconomic level, smoking, drinking, sleep disturbances, depression, and diabetes). The predictive capacity was evaluated through ROC-AUC analysis, with RFM and WWI additionally assessed via weighted RCS regression for non-linear effects. Stratified analyses were conducted by demographic characteristics (sex; age < 60/≥60 years; race), lifestyle factors (drinking, smoking, sleep disturbances), and clinical status (depression, diabetes mellitus). For sensitivity analysis, after excluding participants with potential confounding factors (including pregnancy, colorectal cancer, or use of gastrointestinal drugs, psychotropic medications, or opioids), we performed weighted logistic regression and ROC curve analyses with additional adjustments for covariates including total fat intake, dietary fiber, protein, carbohydrates, total sugar, caffeine, total energy intake, and physical activity levels. Dietary data were collected using standardized 24-h dietary recall questionnaires, while physical activity was quantified by multiplying metabolic equivalent (MET) values by weekly exercise duration and categorized into three levels: low (< 600 MET-min/week), moderate (600–3,000 MET-min/week), and high (>3,000 MET-min/week). Statistical significance was defined as P < 0.05. Analyses were performed using R 4.4.2 with the tableone, survey, pROC, rms, do, ggplot2 and ggpubr packages.




3 Results


3.1 Baseline characteristics

The study enrolled 13,105 participants, comprising 11,117 with normal bowel function, 987 with chronic diarrhea, and 1,001 with chronic constipation. Chronic diarrhea and constipation patients averaged 49.81 ± 15.80 and 45.01 ± 17.46 years, respectively, with significant female predominance (58.36% and 71.4%, respectively). The study population was predominantly non-Hispanic White, accounting for 67.97% of the chronic diarrhea group and 65.83% of the chronic constipation group. Complete baseline characteristics are presented in Table 1. The weighted descriptive analysis revealed significant differences in diarrhea patients regarding sex, race, education level, marital status, socioeconomic level, drinking, smoking, sleep disturbances, mental health, diabetes, and seven obesity-related indicators (all P < 0.05). For constipation patients, the differences in sex, race, education level, marital status, socioeconomic level, drinking, smoking, mental health, BMI, WC, and RFM were statistically significant (all P < 0.05).

TABLE 1  Weight-adjusted population characteristics.


	Variable
	Normal bowel N = 11,117
	Constipation N = 1,001
	P-value
	Diarrhea N = 987
	P-value





	Age (years)
	46.24 ± 16.38
	45.01 ± 17.46
	0.0418
	49.81 ± 15.80
	<0.0001



	Sex (%)
	<0.0001
	
	<0.0001



	Male
	50.88
	28.60
	
	41.64
	



	Female
	49.12
	71.40
	
	58.36
	



	Race (%)
	<0.0001
	
	0.0058



	Mexican American
	7.62
	9.08
	
	9.75
	



	Non-Hispanic White
	10.27
	65.83
	
	67.97
	



	Non-Hispanic Black
	72.85
	14.74
	
	12.07
	



	Others
	9.26
	10.35
	
	10.20
	



	Education level (%)
	<0.0001
	
	<0.0001



	Below high school
	16.67
	22.07
	
	26.40
	



	High school
	23.81
	28.51
	
	25.14
	



	Above high school
	59.52
	49.42
	
	48.46
	



	Marital status (%)
	0.0087
	
	0.0023



	Divorced/separated
	12.51
	14.41
	
	14.23
	



	Married or living with a partner
	66.11
	59.79
	
	65.31
	



	Never married
	16.41
	18.48
	
	13.13
	



	Widowed
	4.98
	7.31
	
	7.33
	



	Socioeconomic level (%)
	<0.0001
	
	<0.0001



	Low income
	17.94
	25.07
	
	24.83
	



	Middle income
	35.62
	39.80
	
	35.07
	



	High income
	46.44
	35.13
	
	40.10
	



	Smoking (%)
	0.0006
	
	0.0041



	Current smoker
	22.27
	20.21
	
	27.10
	



	Former smoker
	25.11
	19.97
	
	26.98
	



	Never smoker
	52.62
	59.83
	
	45.93
	



	Drinking (%)
	<0.0001
	
	0.0212



	No
	22.48
	34.00
	
	26.81
	



	Yes
	77.52
	66.00
	
	73.19
	



	Sleep disturbances (%)
	0.1988
	
	0.0001



	No
	75.86
	73.21
	
	66.95
	



	Yes
	24.14
	26.79
	
	33.05
	



	Diabetes (%)
	0.7142
	
	<0.0001



	No
	91.00
	91.37
	
	84.14
	



	Yes
	9.00
	8.63
	
	15.86
	



	Mental health (%)
	<0.0001
	
	<0.0001



	Not depressed
	93.94
	88.62
	
	85.04
	



	Depressed
	6.06
	11.38
	
	14.96
	



	BMI
	28.62 ± 6.46
	27.70 ± 6.59
	0.0021
	30.15 ± 7.41
	0.0008



	WC
	98.16 ± 16.02
	94.74 ± 15.99
	<0.0001
	101.85 ± 17.67
	<0.0001



	RFM
	34.50 ± 8.34
	36.72 ± 7.90
	<0.0001
	37.31 ± 8.63
	<0.0001



	WHtR
	0.58 ± 0.09
	0.57 ± 0.09
	0.0712
	0.61 ± 0.10
	<0.0001



	WWI
	10.85 ± 0.80
	10.90 ± 0.83
	0.0942
	11.16 ± 0.84
	<0.0001



	BRI
	5.15 ± 2.17
	5.00 ± 2.21
	0.1004
	5.90 ± 2.51
	<0.0001



	ABSI
	0.081 ± 0.005
	0.081 ± 0.005
	0.4785
	0.082 ± 0.005
	<0.0001




BMI, body mass index; WC, waist circumference; RFM, relative fat mass; WHtR, waist-to-height ratio; WWI, weight-adjusted waist index; BRI, body roundness index; ABSI, a body shape index. N is the number of participants; data are expressed as number (weighted percentage) or mean (standard deviation).





3.2 Association of seven obesity-related anthropometric indicators and chronic constipation

This study used weighted multivariable logistic regression to assess associations between chronic intestinal disorders and obesity-related indices, with constipation-related results detailed in Table 2. Analyzed as quartiles, WC, BMI, BRI, and WHtR consistently showed significant negative associations with constipation across three models. In contrast, WWI exhibited no statistically significant association with constipation in either categorical or continuous analyses (all P trend > 0.05). While ABSI exhibited no statistical significance in Model 1 (P trend = 0.452), subsequent adjustments for covariates revealed significant positive associations in both Models 2 (P trend < 0.01) and 3 (P trend < 0.05). For RFM, Model 1 revealed a significant positive association with constipation (P trend < 0.001), whereas Model 2 showed no significant association (P trend = 0.058), and Model 3 indicated a significant negative association (P trend < 0.01). When analyzed continuously, RFM maintained a positive association in Model 1 (P trend < 0.001) but shifted to significant negative associations in Models 2 (P trend < 0.05) and 3 (P trend < 0.01).

TABLE 2  Weighted logistic regression assessing the obesity-constipation relationship.


	Exposure
	Model 1 [OR (95% CI)]
	Model 2 [OR (95% CI)]
	Model 3 [OR (95% CI)]





	RFM (Continuous)
	1.033 (1.022, 1.044)***
	0.983 (0.968, 0.999)*
	0.974 (0.958, 0.990)**



	Quartile 1 (≤29)
	Reference
	Reference
	Reference



	Quartile 2 (29–34.6)
	1.311 (0.982, 1.751)
	0.962 (0.727, 1.273)
	0.954 (0.718, 1.269)



	Quartile 3 (34.6–42.3)
	2.052 (1.579, 2.667)***
	0.890 (0.620, 1.276)
	0.835 (0.580, 1.202)



	Quartile 4 (>42.3)
	2.010 (1.538, 2.627)***
	0.729 (0.509, 1.045)
	0.599 (0.409, 0.879)*



	P for trend
	<0.0001
	0.058
	<0.01



	WC



	Quartile 1 (≤87.5)
	Reference
	Reference
	Reference



	Quartile 2 (87.5–97.7)
	0.793 (0.602, 1.044)
	0.914 (0.685, 1.221)
	0.890 (0.666, 1.189)



	Quartile 3 (97.7–108.3)
	0.536 (0.422, 0.680)***
	0.666 (0.510, 0.870)**
	0.626 (0.479, 0.817)**



	Quartile 4 (>108.3)
	0.612 (0.489, 0.765)***
	0.755 (0.594, 0.960)*
	0.672 (0.520, 0.868)**



	P for trend
	<0.0001
	<0.01
	<0.001



	BMI



	Quartile 1 (≤24.3)
	Reference
	Reference
	Reference



	Quartile 2 (24.3–27.9)
	0.704 (0.539, 0.919)*
	0.804 (0.610, 1.059)
	0.787 (0.595, 1.041)



	Quartile 3 (27.9–32.1)
	0.752 (0.569, 0.995)*
	0.870 (0.648, 1.169)
	0.815 (0.604, 1.010)



	Quartile 4 (>32.1)
	0.595 (0.469, 0.755)***
	0.594 (0.468, 0.754)***
	0.530 (0.408, 0.689)***



	P for trend
	<0.001
	<0.001
	<0.0001



	WHtR



	Quartile 1 (≤0.52)
	Reference
	Reference
	Reference



	Quartile 2 (0.52–0.58)
	0.930 (0.750, 1.154)
	0.997 (0.795, 1.251)
	0.976 (0.782, 1.217)



	Quartile 3 (0.58–0.65)
	0.745 (0.588, 0.943)*
	0.793 (0.610, 1.032)
	0.726 (0.559, 0.942)*



	Quartile 4 (>0.65)
	0.814 (0.650, 1.019)
	0.752 (0.597, 0.947)*
	0.640 (0.497, 0.825)**



	P for trend
	<0.05
	<0.01
	<0.001



	WWI (Continuous)
	1.078 (0.988, 1.177)
	1.040 (0.937, 1.155)
	0.962 (0.863, 1.072)



	Quartile 1 (≤10.4)
	Reference
	Reference
	Reference



	Quartile 2 (10.4–11)
	0.966 (0.779, 1.198)
	0.995 (0.803, 1.235)
	0.965 (0.769, 1.210)



	Quartile 3 (11–11.6)
	1.067 (0.886, 1.284)
	1.061 (0.850, 1.324)
	0.973 (0.778, 1.217)



	Quartile 4 (>11.6)
	1.153 (0.946, 1.404)
	1.073 (0.856, 1.346)
	0.910 (0.708, 1.168)



	P for trend
	0.108
	0.470
	0.477



	BRI



	Quartile 1 (≤3.78)
	Reference
	Reference
	Reference



	Quartile 2 (3.78–5.02)
	0.930 (0.750, 1.154)
	0.997 (0.795, 1.251)
	0.976 (0.782, 1.217)



	Quartile 3 (5.02–6.53)
	0.745 (0.588, 0.943)*
	0.793 (0.610, 1.032)
	0.726 (0.559, 0.942)*



	Quartile 4 (>6.53)
	0.814 (0.650, 1.019)
	0.752 (0.597, 0.947)*
	0.640 (0.497, 0.825)**



	P for trend
	<0.05
	<0.01
	<0.001



	ABSI



	Quartile 1 (≤0.078)
	Reference
	Reference
	Reference



	Quartile 2 (0.078–0.081)
	0.903 (0.732, 1.114)
	1.070 (0.867, 1.321)
	1.054 (0.841, 1.320)



	Quartile 3 (0.081–0.085)
	0.845 (0.712, 1.003)
	1.101 (0.902, 1.344)
	1.082 (0.879, 1.331)



	Quartile 4 (>0.085)
	0.972 (0.822, 1.149)
	1.359 (1.109, 1.667)**
	1.262 (1.014, 1.571)*



	P for trend
	0.452
	<0.01
	<0.05




Model 1: crude; Model 2: adjusted for age, sex, race; Model 3: adjusted for age, sex, race, education level, economic status, smoking, drinking, sleep disturbances, depression, and diabetes. CI, confidence interval; OR, odds ratio.

***P value < 0.001,

**P value < 0.01,

*P value < 0.05.



In Model 3, using the first quartile of obesity-related indicators as the reference, constipation was significantly negatively associated with higher quartiles of WC (Q3: OR = 0.63, 95% CI: 0.48, 0.82; Q4: OR = 0.67, 95% CI: 0.52, 0.87, P trend < 0.001), WHtR (Q3: OR = 0.73, 95% CI: 0.56, 0.94; Q4: OR = 0.64, 95% CI: 0.50, 0.83, P trend < 0.001), and BRI (Q3: OR = 0.73, 95% CI: 0.56, 0.94; Q4: OR = 0.64, 95% CI: 0.50, 0.83, P trend < 0.001). Similarly, BMI (Q4: OR = 0.53, 95% CI: 0.41, 0.69, P trend < 0.001) and RFM (Q4: OR = 0.60, 95% CI: 0.41, 0.88, P trend < 0.01) in the fourth quartile displayed an inverse association with constipation risk, while ABSI (Q4: OR = 1.26, 95% CI: 1.01, 1.57, P trend < 0.05) showed a positive association.



3.3 Association of seven obesity-related anthropometric indicators and chronic diarrhea

All indicators showed significant associations with diarrhea risk across the three models (Table 3). In Model 3, we observed significant positive associations in the fourth quartile for WWI (OR = 1.94, 95% CI: 1.52, 2.47, P trend < 0.001), WC (OR = 1.52, 95% CI: 1.19, 1.95, P trend < 0.01), BMI (OR = 1.45, 95% CI: 1.13, 1.85, P trend < 0.001), RFM (OR = 1.87, 95% CI: 1.25, 2.79, P trend < 0.01), BRI (OR = 1.69, 95% CI: 1.31, 2.17, P trend < 0.001), and WHtR (OR = 1.69, 95% CI: 1.31, 2.17, P trend < 0.001). Additionally, significant positive associations were found in the third quartile for WWI (OR = 1.52, 95% CI: 1.16, 1.99, P trend < 0.001). Furthermore, ABSI demonstrated a significant positive relationship with diarrhea in both the second and fourth quartiles (Q2: OR = 1.35, 95% CI: 1.04, 1.75; Q4: OR = 1.48, 95% CI: 1.15, 1.90, P trend < 0.05).

TABLE 3  Weighted logistic regression assessing the obesity-diarrhea relationship.


	Exposure
	Model 1 [OR (95% CI)]
	Model 2 [OR (95% CI)]
	Model 3 [OR (95% CI)]





	RFM (Continuous)
	1.041 (1.030, 1.052)***
	1.047 (1.029, 1.065)***
	1.036 (1.018, 1.055)***



	Quartile 1 (≤29)
	Reference
	Reference
	Reference



	Quartile 2 (29–34.6)
	1.439 (1.051, 1.970)*
	1.353 (0.983, 1.863)
	1.301 (0.928, 1.826)



	Quartile 3 (34.6–42.4)
	1.436 (1.064, 1.936)*
	1.388 (0.976, 1.975)
	1.256 (0.856, 1.839)



	Quartile 4 (>42.4)
	2.472 (1.892, 3.230)***
	2.302 (1.552, 3.416)***
	1.870 (1.254, 2.790)**



	P for trend
	<0.0001
	<0.0001
	<0.01



	WC



	Quartile 1 (≤88.2)
	Reference
	Reference
	Reference



	Quartile 2 (88.2–98.2)
	1.120 (0.928, 1.551)
	1.181 (0.917, 1.521)
	1.159 (0.901, 1.492)



	Quartile 3 (98.2–108.9)
	1.217 (0.948, 1.562)
	1.215 (0.937, 1.575)
	1.148 (0.892, 1.477)



	Quartile 4 (>108.9)
	1.737 (1.370, 2.202)***
	1.744 (1.367, 2.224)***
	1.521 (1.186, 1.952)**



	P for trend
	<0.0001
	<0.0001
	<0.01



	BMI



	Quartile 1 (≤24.5)
	Reference
	Reference
	Reference



	Quartile 2 (24.5–28.1)
	1.015 (0.758, 1.358)
	0.997 (0.744, 1.337)
	0.995 (0.739, 1.341)



	Quartile 3 (28.1–32.4)
	1.092 (0.863, 1.382)
	1.045 (0.825, 1.323)
	1.021 (0.795, 1.311)



	Quartile 4 (>32.4)
	1.663 (1.302, 2.123)***
	1.579 (1.236, 2.015)***
	1.445 (1.130, 1.849)**



	P for trend
	<0.0001
	<0.0001
	<0.001



	WHtR



	Quartile 1 (≤0.53)
	Reference
	Reference
	Reference



	Quartile 2 (0.53–0.59)
	1.101 (0.869, 1.394)
	1.021 (0.800, 1.303)
	1.007 (0.789, 1.286)



	Quartile 3 (0.59–0.65)
	1.304 (0.993, 1.713)
	1.163 (0.880, 1.537)
	1.095 (0.827, 1.450)



	Quartile 4 (>0.65)
	2.268 (1.794, 2.866)***
	1.917 (1.499, 2.451)***
	1.685 (1.307, 2.173)***



	P for trend
	<0.0001
	<0.0001
	<0.0001



	WWI (Continuous)
	1.585 (1.429, 1.758)***
	1.469 (1.306, 1.653)***
	1.338 (1.183, 1.512)***



	Quartile 1 (≤10.4)
	Reference
	Reference
	Reference



	Quartile 2 (10.4–11)
	1.446 (1.120, 1.866)**
	1.378 (1.060, 1.792)*
	1.311 (0.993, 1.730)



	Quartile 3 (11–11.6)
	1.886 (1.458, 2.439)***
	1.693 (1.293, 2.219)***
	1.518 (1.155, 1.995)**



	Quartile 4 (>11.6)
	2.798 (2.264, 3.458)***
	2.358 (1.870, 2.974)***
	1.937 (1.516, 2.474)***



	P for trend
	<0.0001
	<0.0001
	<0.0001



	BRI



	Quartile 1 (≤3.83)
	Reference
	Reference
	Reference



	Quartile 2 (3.83–5.09)
	1.101 (0.869, 1.394)
	1.021 (0.800, 1.303)
	1.007 (0.789, 1.286)



	Quartile 3 (5.09–6.64)
	1.304 (0.993, 1.713)
	1.163 (0.880, 1.537)
	1.095 (0.827, 1.450)



	Quartile 4 (>6.64)
	2.268 (1.794, 2.866)***
	1.917 (1.499, 2.451)***
	1.685 (1.307, 2.173)***



	P for trend
	<0.0001
	<0.0001
	<0.0001



	ABSI



	Quartile 1 (≤0.078)
	Reference
	Reference
	Reference



	Quartile 2 (0.078–0.082)
	1.417 (1.104, 1.819)**
	1.435 (1.116, 1.847)**
	1.345 (1.038, 1.744)*



	Quartile 3 (0.082–0.085)
	1.232 (0.963, 1.577)
	1.230 (0.959, 1.578)
	1.110 (0.859, 1.434)



	Quartile 4 (>0.085)
	1.886 (1.519, 2.343)***
	1.758 (1.385, 2.231)***
	1.475 (1.148, 1.895)**



	P for trend
	<0.0001
	<0.001
	<0.05




Model 1: crude; Model 2: adjusted for age, sex, race; Model 3: adjusted for age, sex, race, education level, economic status, smoking drinking, sleep disturbances, depression, and diabetes. CI, confidence interval; OR, odds ratio.

***P value < 0.001,

**P value < 0.01,

*P value < 0.05.





3.4 Predictive value of seven indicators for chronic constipation and diarrhea

ROC Analysis (Figures 2, 3; Table 4) identified RFM as the adiposity measure with the highest discriminative ability for constipation (AUC = 0.577), which significantly outperformed other adiposity measures (DeLong's test, all P < 0.05). For diarrhea, WWI exhibited the highest discriminative power (AUC = 0.614), while BRI and WHtR demonstrated similar accuracy (both AUC = 0.596). Statistical comparisons confirmed WWI's significantly better performance compared to alternative indices (DeLong's test, all P < 0.05).


[image: ROC curves for constipation assessment, showing various health metrics: RFM (0.577), WC (0.555), BMI (0.541), BRI (0.519), WHtR (0.519), WWI (0.517), and ABSI (0.499). Sensitivity is plotted against 1-Specificity. RFM outperforms others.]
FIGURE 2
 Receiver operating characteristic (ROC) curve evaluation of obesity-related indicators for predicting constipation. ABSI, a body shape index; BMI, body mass index; BRI, body roundness index; RFM, relative fat mass; WC, waist circumference; WHtR, waist-to-height ratio; WWI, weight-adjusted waist index.



[image: Receiver operating characteristic (ROC) curve evaluation of obesity-related indicators for predicting diarrhea. ABSI, a body shape index; BMI, body mass index; BRI, body roundness index; RFM, relative fat mass; WC, waist circumference; WHtR, waist-to-height ratio; WWI, weight-adjusted waist index.]
FIGURE 3
 Receiver operating characteristic (ROC) curve evaluation of obesity-related indicators for predicting diarrhea. ABSI, a body shape index; BMI, body mass index; BRI, body roundness index; RFM, relative fat mass; WC, waist circumference; WHtR, waist-to-height ratio; WWI, weight-adjusted waist index.


TABLE 4  Results of ROC analysis of seven obesity-related indicators.


	Anthropometric measures
	Best thresholds
	Sensitivity
	Specificity
	AUC (95% CI)
	P for difference in AUC





	Constipation



	RFM
	35.094
	0.618
	0.529
	0.577 (0.559, 0.594)
	Reference



	WC
	90.950
	0.425
	0.681
	0.555 (0.536, 0.574)
	<0.0001



	BMI
	28.915
	0.634
	0.436
	0.541 (0.522, 0.560)
	<0.0001



	WHtR
	0.568
	0.483
	0.566
	0.519 (0.500, 0.538)
	<0.0001



	BRI
	4.719
	0.483
	0.566
	0.519 (0.500, 0.538)
	<0.0001



	WWI
	12.068
	0.127
	0.906
	0.517 (0.499, 0.536)
	<0.0001



	ABSI
	0.087
	0.142
	0.876
	0.499 (0.480, 0.518)
	<0.0001



	Diarrhea



	WWI
	11.084
	0.631
	0.551
	0.614 (0.595, 0.632)
	Reference



	BRI
	6.199
	0.446
	0.704
	0.596 (0.578, 0.615)
	<0.01



	WHtR
	0.633
	0.446
	0.704
	0.596 (0.578, 0.615)
	<0.01



	RFM
	41.642
	0.410
	0.738
	0.594 (0.575, 0.612)
	0.019



	ABSI
	0.084
	0.398
	0.702
	0.565 (0.546, 0.584)
	<0.0001



	WC
	92.450
	0.740
	0.355
	0.564 (0.545, 0.582)
	<0.0001



	BMI
	29.515
	0.493
	0.604
	0.561 (0.542, 0.580)
	<0.0001




AUC, area under the curve; CI, confidence interval.





3.5 Exploring the exposure-risk relationship between the strongest predictor and bowel habits
 
3.5.1 Non-linear association

To further investigate the relationships between RFM and constipation as well as between WWI and diarrhea, we conducted weighted RCS analyses (Figures 4, 5). The restricted cubic spline regression with full covariate adjustment revealed a significant non-linear inverse association between RFM and constipation risk (P overall < 0.05, P non-linear = 0.014), while WWI exhibited a significant linear relationship with chronic diarrhea, showing a positive association with diarrhea risk (P overall < 0.05, P non-linear = 0.173).


[image: Graph showing RCS curves for constipation, plotting odds ratio against relative fat mass percentage. As the fat mass percentage increased from 10% to 50%, the odds ratio curve initially exceeded 1 but declined to approximately 0.6 after RFM surpassed around 30%. Confidence interval is shaded in pink. P values are less than 0.0001 for overall and 0.014 for nonlinear.]
FIGURE 4
 Restricted cubic spline (RCS) curve for RFM and constipation.



[image: RCS curve graph for diarrhea showing odds ratio on the vertical axis and weight-adjusted waist index (cm/kg) on the horizontal axis. The red line indicates odds ratio changes, with a shaded area representing confidence intervals. Odds ratio increases significantly after a value of 11 on the horizontal axis. P values for overall and nonlinear effects are less than 0.0001 and 0.173, respectively.]
FIGURE 5
 Restricted cubic spline (RCS) curve for WWI and diarrhea.




3.5.2 Subgroup analysis

Subgroup analyses stratified by gender, age, race, drinking/smoking status, sleep disturbances, psychological status, and diabetes mellitus were conducted to assess potential effect modification (Table 5). Interaction tests demonstrated no statistically significant moderating effects for any of these baseline characteristics (all interaction P-values > 0.05), confirming the robustness of both the RFM-constipation and WWI-diarrhea associations across all evaluated demographic and clinical subgroups.

TABLE 5  Subgroup analysis of RFM and constipation, alongside WWI and diarrhea.


	Variable
	RFM and constipation
	P for interaction
	WWI and diarrhea
	P for interaction





	Sex
	0.215
	
	0.952



	Male
	0.99 (0.97, 1.01)
	
	1.04 (1.01, 1.07)
	



	Female
	0.97 (0.95, 0.99)
	
	1.04 (1.02, 1.06)
	



	Age
	0.118
	
	0.807



	< 60
	0.98 (0.97, 1.00)
	
	1.04 (1.02, 1.06)
	



	≥60
	0.93 (0.90, 0.96)
	
	1.04 (1.01, 1.07)
	



	Race
	0.099
	
	0.420



	Mexican American
	0.99 (0.96, 1.02)
	
	1.04 (1.00, 1.08)
	



	Non-Hispanic White
	0.97 (0.95, 0.98)
	
	1.03 (1.01, 1.06)
	



	Non-Hispanic Black
	1.00 (0.97, 1.02)
	
	1.05 (1.02, 1.08)
	



	Others
	0.95 (0.91, 0.99)
	
	1.05 (1.01, 1.09)
	



	Smoking
	0.692
	
	0.806



	Never smoker
	0.96 (0.95, 0.98)
	
	1.05 (1.02, 1.08)
	



	Former smoker
	0.98 (0.95, 1.02)
	
	1.03 (1.00, 1.07)
	



	Current smoker
	0.99 (0.96, 1.02)
	
	1.03 (0.99, 1.07)
	



	Drinking
	0.184
	
	0.492



	No
	0.96 (0.94, 0.98)
	
	1.05 (1.02, 1.09)
	



	Yes
	0.98 (0.96, 1.00)
	
	1.03 (1.01, 1.05)
	



	Sleep disturbances
	0.545
	
	0.490



	No
	0.97 (0.96, 0.99)
	
	1.03 (1.01, 1.05)
	



	Yes
	0.97 (0.95, 0.99)
	
	1.06 (1.03, 1.09)
	



	Diabetes
	0.508
	
	0.338



	No
	0.97 (0.96, 0.99)
	
	1.03 (1.02, 1.05)
	



	Yes
	0.96 (0.90, 1.02)
	
	1.07 (1.01, 1.14)
	



	Mental health
	0.716
	
	0.411



	Not depressed
	0.97 (0.95, 0.98)
	
	1.04 (1.02, 1.06)
	



	Depressed
	1.00 (0.96, 1.04)
	
	1.03 (1.00, 1.06)
	








3.5.3 Sensitivity analysis

Sensitivity analyses, conducted after excluding participants with potential confounding conditions (pregnancy, colorectal cancer, or use of gastrointestinal/psychotropic/opioid medications) and adjusting for dietary and physical activity covariates, yielded robust associations (Table 6, Supplementary Figures 1, 2). The analyses confirmed a significant inverse association between RFM and constipation risk (P < 0.01) and a persistent positive association between WWI and diarrhea risk (P < 0.001). Among all obesity indicators, RFM exhibited the highest predictive ability for constipation (AUC = 0.579), while WWI showed the strongest predictive performance for diarrhea (AUC = 0.615).

TABLE 6  Sensitivity analysis of RFM and constipation, alongside WWI and diarrhea.


	WWI
	Diarrhea
	RFM
	Constipation



	
	OR (95% CI)
	P-value
	
	OR (95% CI)
	P-value





	Continuous
	1.427 (1.205, 1.689)
	<0.001
	Continuous
	0.971(0.952, 0.990)
	<0.01



	Classification
	Classification



	Quartile 1 (≤10.3)
	reference
	
	Quartile 1 (≤28.5)
	reference
	



	Quartile 2 (10.3–10.9)
	1.306 (0.934, 1.824)
	0.111
	Quartile 2 (28.5–33.5)
	1.062 (0.693, 1.627)
	0.771



	Quartile 3 (10.9–11.4)
	1.245 (0.911, 1.702)
	0.158
	Quartile 3 (33.5–41.0)
	1.039 (0.664, 1.627)
	0.859



	Quartile 4 (>11.4)
	2.269 (1.635, 3.148)
	<0.001
	Quartile 4 (>41.0)
	0.555 (0.345, 0.894)
	<0.01



	P for trend
	
	<0.001
	P for trend
	
	<0.01




Adjusted for age, sex, race, education level, economic status, smoking drinking, sleep disturbances, depression, diabetes, physical activity, daily total fat, dietary fiber, protein, carbohydrates, total sugar, caffeine, and energy intake levels.

CI, confidence interval; OR, odds ratio.







4 Discussion

This study contributes by comprehensively evaluating the relationship between seven anthropometric indices and bowel disorders and is the first to explore the association between two emerging indicators (RFM and ABSI) and chronic constipation and diarrhea. Using cross-sectional data from the 2005–2010 NHANES database and weighted multivariable logistic regression, we found that all obesity indicators, except WWI, were significantly associated with constipation, while all indicators were positively associated with diarrhea. ROC analysis identified RFM and WWI as the indicators with the highest discriminative power for predicting constipation and diarrhea, respectively. RCS analysis revealed a non-linear relationship between RFM and constipation risk, while a linear relationship was observed between WWI and diarrhea risk. Subgroup analyses demonstrated that the associations between RFM, WWI, and bowel disorders were stable and consistent across various confounding factors. Sensitivity analysis confirmed the robustness of the results. Notably, higher RFM was associated with a lower risk of constipation, while higher WWI was linked to a higher risk of diarrhea. ABSI showed a positive association with constipation, particularly in its highest quartile, where the risk of constipation was significantly elevated. These findings highlight RFM and WWI as clinically useful indicators for evaluating obesity's association with chronic constipation and diarrhea, respectively.

Despite its widespread use, BMI inadequately reflects adipose distribution patterns. Although computed tomography (CT) and magnetic resonance imaging (MRI) can precisely evaluate visceral fat distribution, their time-consuming procedures and high costs preclude routine clinical application. Novel indices including RFM, WWI, BRI, and ABSI demonstrate distinct advantages as accessible, cost-effective, and non-invasive measures for assessing body size and fat distribution. These indices show superior accuracy to BMI in evaluating both generalized and abdominal obesity, thereby enhancing their prognostic utility (19–22). The RFM provides an accurate estimation of total body fat percentage as validated by dual-energy X-ray absorptiometry (DXA) and demonstrates strong correlation with trunk adipose tissue levels. The proposed RFM cut-off values for obesity diagnosis are approximately 40% in women and 30% in men (25). The predictive capacity of RFM and WWI for cardiovascular diseases, depression, gallstones, diabetes mellitus, and other related conditions has been well-established (25–28). This study found that obesity was associated with both constipation and diarrhea, with varying degrees of obesity correlating to different bowel habits. While all obesity-related indicators showed significant positive associations with diarrhea, their relationship with constipation was complex and diverse. Fat distribution and obesity type may be important factors affecting constipation risk. Overall obesity indicators (BMI), absolute abdominal fat volume (WC), body fat distribution (BRI, WHtR), and body fat percentage (RFM) are negatively associated with constipation risk. Compared to individuals with normal weight, overweight/obese individuals exhibit characteristic gastrointestinal functional changes, including reduced satiety, adaptive gastric dilation, accelerated gastric emptying, and lower postprandial peak levels of serum PYY. These changes are particularly pronounced in individuals with abnormal waist circumference (29). A study of 354 constipation patients revealed that overweight patients had shorter rectosigmoid and total colonic transit times compared to those with normal BMI, along with improved colonic motility, stool consistency, and defecation frequency (30). In slow-transit constipation (STC) patients, a higher proportion had low BMI, which may be linked to reduced plasma motilin release (31). A meta-analysis of 14 observational studies demonstrated that overweight status in adults was inversely associated with constipation risk, whereas the opposite trend was observed in children (32). Low BMI and reduced abdominal fat were both associated with an increased risk of constipation and harder stools (15). Multiple studies suggest that underweight individuals are more prone to constipation, indicating that maintaining adequate visceral and subcutaneous fat levels is crucial for preventing chronic constipation (33, 34).

However, not all types of obesity or body composition states are negatively correlated with constipation. The WWI is calculated by normalizing WC to body weight. Some studies found that as WWI increases, fat mass rises while muscle and bone mass decrease, suggesting that WWI is associated with sarcopenic obesity (35). Similarly, other studies have shown that muscle mass is negatively correlated with ABSI, suggesting that ABSI may not only be a marker of visceral obesity but also an indicator of reduced muscle mass, potentially helping identify sarcopenia risk in overweight/obese individuals (36). The unique calculation method of ABSI may give it a distinct advantage in identifying the visceral fat-muscle ratio imbalance associated with constipation. Thus, we hypothesize that increased fat mass itself may not be the primary cause of constipation; rather, the quality and distribution of body composition may play a key role. Muscles, particularly core and pelvic floor muscles, are essential for generating adequate intra-abdominal pressure and coordinating defecation movements. Muscle loss may impair intra-abdominal pressure production and straining efficiency during defecation (37). A retrospective cross-sectional study found that constipation severity was positively correlated with sarcopenia in older adults. During defecation, muscle weakness caused by sarcopenia may lead to pelvic floor dysfunction and/or reduced abdominal pressure, contributing to defecatory disorders (38). Future research should incorporate direct measurements of muscle mass and visceral fat (e.g., bioelectrical impedance analysis, imaging) to validate the independent effects of obesity type and fat distribution characteristics on constipation risk.

Notably, clinical studies have shown that visceral adiposity leads to chronic constipation in Crohn's disease (CD) patients during clinical remission (39). Research has shown that individuals with obesity often display lower concentrations of growth hormone–releasing peptides while having higher levels of leptin. These changes in hormone levels might slow down gastric emptying and intestinal movement, possibly contributing to constipation development (40). Moreover, obesity may increase intestinal fat deposition, which disrupts hormone secretion and relaxes colonic smooth muscles, impairing intestinal motility and contributing to constipation (41, 42). Rectal hyposensitivity appears to be an important mechanistic factor in constipation development in the obese population. Additional studies are warranted to elucidate the mechanistic relationship between obesity/body fat distribution and gastrointestinal visceral sensitivity (43).

Obesity-associated gut dysbiosis facilitates pathogenic bacterial overgrowth, predisposing to diarrheal diseases such as ulcerative colitis and CD rather than constipation (44). Individuals with obesity often exhibit faster small intestinal motility and prolonged transit time in the distal colon, potentially resulting in impaired bile acid absorption and subsequent diarrhea (45, 46). A meta-analysis shows no significant correlation between constipation and obesity or elevated BMI, whereas diarrhea demonstrates a positive association with higher BMI levels. This association might stem from the increased osmotic load due to more food entering the small intestine, which in turn leads to enhanced intestinal secretion, faster stool transit to the colon, and softer stool consistency, ultimately causing diarrhea (16). Excessive adipose tissue, particularly visceral fat, induces adipokine dysregulation, chronic low-grade inflammation, and imbalances in gut microbiota, which collectively impair intestinal barrier function (manifested by increased permeability) and promote chronic diarrhea (47–49).

As a cross-sectional study, these findings demonstrate associations rather than causal relationships between obesity-related indices and constipation/diarrhea. The results suggest these indices may serve as practical and accessible biomarkers for identifying individuals with distinct bowel dysfunction patterns. Maintaining appropriate adiposity levels might help prevent chronic constipation while avoiding diarrhea risk. Prospective and clinical studies are warranted to verify the potential role of obesity-related indices in bowel disorder development and elucidate the underlying biological mechanisms.

This investigation offers notable strengths: (1) to the best of our knowledge, the first to evaluate seven adiposity metrics in relation to chronic bowel dysfunction, demonstrating that RFM and WWI exhibit the strongest associations with constipation and diarrhea respectively among all evaluated indices; (2) methodologically robust design incorporating population weighting, comprehensive covariate adjustment, and advanced analytics (weighted multivariable logistic regression, RCS, ROC, stratification). Limitations include inherent constraints of cross-sectional causality assessment, residual confounding from unmeasured or imprecisely measured variables despite extensive adjustments, and potential recall bias in self-reported symptom classification.



5 Conclusions

Seven obesity-related anthropometric indicators (WC, BMI, RFM, BRI, WWI, WHtR, ABSI) showed significant positive associations with diarrhea risk. Among these, WWI demonstrated the highest discriminative ability for diarrhea, displaying a linear relationship with the heightened risk of chronic diarrhea. In addition, all obesity indicators except WWI showed significant associations with constipation, with RFM demonstrating the strongest inverse association and a non-linear relationship with constipation risk. Although the obesity-diarrhea association is well-documented, elucidating the obesity-constipation relationship requires comprehensive consideration of multiple factors including age, sex, constipation subtype classification, adipose tissue distribution characteristics, and diverse obesity phenotypes. Future longitudinal studies are needed to clarify the temporal sequence and potential causal mechanisms underlying these associations, particularly through repeated anthropometric measurements and standardized bowel symptom assessments.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

This study represents a secondary analysis of de-identified, publicly available data from the US NHANES database. The original NHANES study protocol received approval from the National Center for Health Statistics (NCHS) Institutional Review Board and was conducted in accordance with the Declaration of Helsinki, with all participants providing written informed consent. As the current research exclusively utilized this pre-existing dataset, no additional ethics approval was required for this secondary analysis.



Author contributions

YN: Writing – original draft, Software, Formal analysis, Methodology, Conceptualization. XH: Writing – original draft, Data curation, Software, Methodology. LL: Methodology, Software, Writing – original draft, Investigation. YZ: Methodology, Resources, Writing – review & editing. FD: Writing – review & editing, Supervision, Validation.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

We acknowledge NHANES database for providing their platforms and contributors for uploading their meaningful datasets. And we thank all participants included in our present study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1610214/full#supplementary-material

SUPPLEMENTARY FIGURE 1 | ROC curves for constipation prediction in sensitivity analyses. ABSI, a body shape index; BMI, body mass index; BRI, body roundness index; RFM, relative fat mass; WC, waist circumference; WHtR, waist-to-height ratio; WWI, weight-adjusted waist index.

SUPPLEMENTARY FIGURE 2 | ROC curves for diarrhea prediction in sensitivity analyses. ABSI, a body shape index; BMI, body mass index; BRI, body roundness index; RFM, relative fat mass; WC, waist circumference; WHtR, waist-to-height ratio; WWI, weight-adjusted waist index.
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