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Objectives: There is a paucity of research exploring the relationship between fecal incontinence (FI) and asthma. This study seeks to evaluate the potential correlation between FI and asthma among adult Americans.

Methods: Utilizing a cross-sectional design, this study comprised a sample of 11,128 adults aged 20 years and older sourced from the National Health and Nutrition Examination Survey (NHANES) conducted between 2005 and 2010. FI is characterized by the involuntary excretion of solid, liquid, or mucus stool occurring at least once a month. Adjusted odds ratios (OR) were calculated using logistic regression models. Subgroup analyses were performed to validate the robustness of the findings.

Results: After adjusting for baseline characteristics, lifestyle habits, and comorbidities, a significant association was observed between FI and an increased risk of asthma (OR: 1.33, 95% CI: 1.1–1.61, P = 0.003). Subgroup analysis revealed a significant correlation between FI in females and asthma (OR: 1.36, 95% CI: 1.06–1.73), and this correlation is particularly pronounced in middle-aged and elderly individuals, further supporting the association between FI and asthma.

Conclusion: We found a significant positive correlation between FI and asthma. Females and individuals aged over 45 demonstrate an increased vulnerability to developing asthma. Prompt intervention for individuals experiencing fecal incontinence may mitigate the risk of asthma onset.
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1 Introduction

Asthma, a prevalent chronic disease affecting both pediatric and adult populations, is characterized by airway inflammation, increased mucus production, and subsequent airflow obstruction (1). In the United States (US), asthma represents a substantial public health burden, with the Centers for Disease Control and Prevention (CDC) reporting a prevalence of approximately 6.8% among the employed adult population (2). This condition imposes a considerable economic cost, estimated at as high as $81 billion annually (3). The repercussions, including exacerbation management, hospital admissions, and ensuing complications, lead to increased healthcare costs and substantially diminish patients’ quality of life (4). Therefore, the precise identification and proactive management of risk factors contributing to asthma’s incidence and prevalence are essential to mitigate this substantial burden.

Fecal incontinence (FI) is typically characterized by the involuntary leakage of solids, liquids, or mucus (5). Epidemiological research reports a prevalence of 8.3% among the non-institutionalized United States population (6, 7). This prevalence underscores the substantial social and economic impact of FI, which significantly impairs patients’ quality of life (8). The mean annual economic burden per affected individual is estimated at $4,110 (9). Although FI and asthma are distinct diseases, they share a common embryonic origin and exhibit analogous structural features in the gastrointestinal and respiratory systems (10, 11), both conditions are also influenced by the parasympathetic nervous system. Nevertheless, the relationship between FI and asthma remains uncertain.

This investigation utilized data from the National Health and Nutrition Examination Survey (NHANES), encompassing three biennial cycles: 2005–2006, 2007–2008, and 2009–2010. Recognized as the most comprehensive nationwide survey in the United States, NHANES encompasses a wide range of demographic characteristics, dietary intake data, and comorbidity profiles. The primary objective of this study was to investigate the association between fecal incontinence and asthma within the adult United States population. Additionally, we assessed the consistency of this association across various subgroups, including age, gender, body mass index (BMI), smoking status, alcohol consumption, poverty income ratio (PIR), and heart disease.



2 Materials and methods


2.1 Study design and participants

Our investigation into the association between FI and asthma utilized cross-sectional data from the National Health and Nutrition Examination Survey (NHANES) spanning 2005–2010. Administered by the National Center for Health Statistics (NCHS), NHANES is a nationally representative survey designed to assess the health and nutritional status of the United States non-institutionalized population. NHANES adopts a biennial schedule, conducting extensive sampling of approximately 10,000 individuals and incorporating multifaceted health and nutrition evaluations. The study protocol received ethical approval from the NCHS Institutional Review Board (IRB), with all participants providing written informed consent. This ensures ethical compliance. This cross-sectional study adhered to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines (12).

This study utilized data from the NHANES database for three consecutive research cycles spanning 2005–2010. These cycles included dedicated questionnaires on gut health. We excluded incomplete data related to gut health and asthma, as well as data entries lacking essential demographic, dietary, and comorbidity information. The detailed workflow is depicted in Figure 1, ultimately resulting in the analysis of 10,237 participants.
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FIGURE 1
Flow diagram of the sample selection.




2.2 FI assessment

The FI severity Index is an important assessment tool in the gastrointestinal health questionnaire. It serves as a metric for assessing the severity of accidental bowel leakage over the past 30 days, encompassing leakage of solid stool, liquid, and mucus (5). The frequency of leakage is categorized based on the number of occurrences: never, 1–3 times per month, once a week, at least twice a week, at least once daily, and at least twice daily. FI is defined as any involuntary leakage of mucus, liquid, or solid stool within the past 30 days, excluding gas leakage. To simplify the analysis process, we classified responses into two categories: no occurrence of bowel leakage (No) and at least one occurrence of bowel leakage (Yes), regardless of the specific frequencies (7).



2.3 Asthma assessment

Asthma-related data were collected through the medical questionnaire administered by the NHANES. The survey questions included: (1) Has a doctor or other healthcare professional told you that you have asthma? (2) Do you still have asthma? (3) Have you had an asthma attack in the past year? (4) Have you visited the emergency room or urgent care center due to an asthma attack in the past year? If any of these four questions are answered positively, the respondent is considered to have asthma; otherwise, the respondent is considered not to have asthma.



2.4 Covariates

In this study, we analyzed the following covariates: age, gender (male, female), race/ethnicity (Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black, other races), marital status (married/living with partner, widowed/divorced/separated/never married), education level (< high school, high school graduate, > high school), BMI (obesity: BMI ≥ 30 kg/m2, overweight: BMI 25–29.9 kg/m2, normal weight: BMI < 25 kg/m2), and PIR (poor: PIR < 1, not poor: PIR ≥ 1).

Smoking status was categorized into three groups according to the CDC’s standardized criteria for population health surveys: never smokers, former smokers, and current smokers. Never smokers encompass individuals who have never initiated smoking or have smoked fewer than 100 cigarettes prior to the interview. Former smokers are individuals who have smoked a total of 100 cigarettes but have abstained from smoking at the time of the interview. Current smokers are those who have smoked a cumulative total of 100 or more cigarettes in their lifetime and continue to smoke at the time of the interview. Alcohol consumption was categorized into two groups: drinking and non-drinking. Consuming more than 12 drinks per year was defined as drinking, whereas consuming fewer than 12 drinks was considered non-drinking. Physical activity was classified into three levels: inactive, moderate, and vigorous. Dietary data, including fiber intake, energy intake, and total plain water consumption, were collected using two non-consecutive 24 h dietary recalls. The first interview was conducted in person at the mobile examination center, and the second was administered via telephone 3–10 days later, in accordance with the NHANES protocol. This approach minimizes intra-individual variability and enhances the accuracy of dietary estimates compared to single-day assessments. When both days of data were available, the average was calculated; otherwise, the first day’s data were used as the representative value.

The associated complications include diabetes, kidney disease (renal failure, kidney stones), heart disease (heart failure, coronary heart disease, angina, heart attack), hypertension, hyperlipidemia, emphysema, and depression. Participants were asked whether they had been informed by doctors or other healthcare professionals about having diabetes, renal failure, kidney stones, heart failure/coronary heart disease/angina/heart attack, hypertension, hyperlipidemia, or emphysema. Diabetes-related questions also included whether participants used insulin or took antidiabetic medications to lower blood sugar. Depression-related data were collected using the Patient Health Questionnaire-9 (PHQ-9), which comprises nine screening items and generates a total score ranging from 0 to 27. Individuals scoring ≥ 10 are classified as having depression based on established criteria. All of these questions were classified as binary variables with “yes” or “no” answers.



2.5 Statistical analyses

Descriptive analysis was performed on all participant data. For continuous variables, mean and standard deviation (SD) or median and interquartile range were used for analysis. Categorical variables were presented as proportions (%). The chi-square test was used to compare categorical variables, whereas the t-test was used for continuous variables. Logistic regression models were applied to analyze the relationship between FI and asthma. Both unadjusted and multivariable adjusted models were implemented: Model I without any covariate adjustment; Model II adjusted for gender, age, race/ethnicity, marital status, and education level; Model III further adjusted for smoking status, alcohol consumption, physical activity, BMI, and PIR; Model IV additionally adjusted for dietary fiber intake, energy intake, and water intake; Model V included all covariates from Model IV plus diabetes, heart disease, kidney disease, hyperlipidemia, hypertension, depression, and emphysema. Subgroup analyses were conducted across age, gender, BMI, presence of diabetes and hyperlipidemia, and history of heart disease to evaluate the consistency of the association between FI and asthma. Additionally, a sensitivity analysis was performed to enhance the robustness of the findings. Statistical significance was determined by comparing adjusted ORs and their corresponding 95% confidence intervals (CIs).

The statistical software package R (The R Foundation1) and Free Statistics software version1.9.2 were utilized for all analyses. A two-tailed test was employed, with a significance level of P < 0.05 indicating statistically significant differences.




3 Results


3.1 Baseline characteristics

This study collected data from 10,237 participants across three cycles, identifying 952 individuals with FI, corresponding to a prevalence rate of 9.3%. Table 1 summarizes participants’ demographic profiles, lifestyle habits, and comorbidities. Our findings revealed that FI was more prevalent among older individuals, females, non-Hispanic whites, those with marital statuses of married/living with partner, individuals with higher than high school education, those categorized as non-poor, individuals without emphysema or depression, hypertensive individuals, alcohol consumers, obese individuals, and the physically inactive population. Additionally, dietary fiber intake, energy intake, and water consumption were significantly reduced among individuals with FI. Our findings show that the proportion of FI patients was 44.5% among non-smokers and 55.5% among smokers, suggesting that FI is more prevalent in populations with cigarette exposure. Furthermore, the prevalence of asthma was higher (18.7%) among FI individuals than among those without FI (13.1%).


TABLE 1 Data characteristics of the participants.
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3.2 Association between FI and asthma

Univariate logistic regression analysis revealed significant associations between asthma and various factors, including gender, age, race/ethnicity, marital status, education level, PIR, BMI, smoking status, water intake, dietary fiber intake, diabetes, heart disease, kidney disease, emphysema, depression, FI and hypertension (P < 0.05) (Table 2). Table 3 presents findings from a multivariate logistic regression analysis examining the relationship between FI and asthma. In Model I, FI was significantly associated with an increased risk of asthma (OR: 1.53, 95% CI: 1.29–1.82, P < 0.001). Even after adjusting for gender, age, race/ethnicity, marital status, and education level in Model II, the association between FI and asthma remained statistically significant (OR: 1.59, 95% CI: 1.33–1.90, P < 0.001). After further adjusting for smoking status, alcohol consumption, physical activity, BMI, and PIR in Model III, the association between FI and asthma remained statistically significant (OR: 1.5, 95% CI: 1.25–1.8, P < 0.001). Even after adjusting for dietary fiber intake, energy intake, and water intake in Model IV, a significant association between FI and asthma remained (OR: 1.51, 95% CI: 1.26–1.81, P < 0.001). Finally, in Model V, after adjusting for comorbidities such as diabetes, heart disease, hyperlipidemia, hypertension, depression, emphysema, and renal disorders, a stable association was observed (OR: 1.33, 95% CI: 1.10–1.61, P = 0.003).


TABLE 2 Univariate regression analysis.
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TABLE 3 Multivariate regression analysis of the association between fecal incontinence and asthma.
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The subgroup analysis results are presented in Figure 2. No significant interactions were observed when examining subgroups based on gender, age, BMI, PIR, alcohol consumption, smoking status, and heart disease (all P > 0.05). However, a significant gender disparity was observed in the association between FI and asthma. Among women, there was a significant correlation between FI and asthma (OR: 1.36, 95% CI: 1.06–1.73). Additionally, among participants aged 45–65, a significant association was observed between FI and asthma (OR: 1.36, 95% CI: 1.02–1.81), and this association remained significant among those aged 66 and older (OR: 1.55, 95% CI: 1.10–2.18).
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FIGURE 2
Relationship between fecal incontinence and asthma in different subgroups.


In the sensitivity analysis, we excluded participants with extreme values in dietary fiber intake, energy intake, and total plain water consumption. We examined the relationship between FI and asthma and found that the results remained robust (OR: 1.65, 95% CI: 1.25–2.19, P < 0.001) (Supplementary Table).




4 Discussion

Our research has made several findings. Firstly, individuals with FI are more susceptible to asthma than those without FI. Secondly, after adjusting for various covariates, a significant correlation between FI and asthma is found. Thirdly, women and age ≥ 45 are identified as factors that significantly increase the likelihood of developing asthma in individuals with FI.

Previous research has established a significant correlation between constipation and asthma (13). However, limited attention has been given to the association between FI and asthma. Although only a few studies have investigated this relationship, an epidemiological survey of elderly individuals in Taiwan revealed a significant correlation between FI and asthma within this population (14). Our research findings indicate a significant positive correlation between FI and asthma, consistent with previous studies. However, our study includes a larger sample size of the American population and incorporates other factors associated with asthma, further strengthening this association. Subgroup analysis reveals that the relationship between FI and asthma is particularly strong among individuals aged 45 and above, consistent with a study conducted in Taiwan (14).

Both FI and asthma are complex conditions arising from a combination of diverse factors, with their pathophysiology potentially involving multiple mechanisms. The cross-sectional design of our study precludes definitive conclusions about causality; however, bidirectional pathways may plausibly exist between these conditions. Impaired epithelial barrier function may underlie both conditions. Research indicates that intestinal and airway epithelial structures share features such as columnar epithelium, goblet cells, and mucus glands due to their common embryological origins, suggesting analogous foundational structures (10, 11). Studies have demonstrated impaired epithelial barrier function in both inflammatory bowel disease and asthma (15, 16). On one hand, FI may contribute to asthma through impaired intestinal epithelial barrier function, allowing microbial translocation or proinflammatory signals to enter systemic circulation, thereby exacerbating airway inflammation (10). Studies have shown that individuals with ulcerative colitis are at a significantly greater risk of developing asthma than healthy controls (17). Conversely, chronic airway inflammation in asthma is linked to systemic immune activation, which may disrupt gut mucosal integrity or neuromuscular function. Asthma-induced chronic and recurrent coughing can result in a significant increase in intra-abdominal pressure, which may stress the pelvic floor structures. This pressure-related mechanism could contribute to FI (18).

Furthermore, altered innate microbial recognition and abnormal inflammatory and immune responses of epithelial cells to environmental factors and pathogens have been identified (16, 19). On the other hand, neural dysfunction may also be a significant factor. The autonomic nervous system plays a crucial role in regulating respiratory and gastrointestinal functions (20), the enteric nervous system, a branch of the autonomic nervous system, extends throughout the digestive tract to regulate gastrointestinal function (21). Additionally, the parasympathetic nerves, innervated by the vagus nerve, control peristalsis in the gastrointestinal tract from the esophagus to the splenic flexure of the colon (22). Parasympathetic nerve dysfunction can affect anal sphincter tone and rectal sensitivity, leading to fecal incontinence (23). In asthma, autonomic nervous system imbalance occurs, particularly increased parasympathetic activity, which releases acetylcholine and causes bronchoconstriction (24). The cell bodies controlling lung and airway sensory neurons are primarily located within the vagus nerve (25).

The microbiota bidirectionally regulates asthma and FI pathogenesis via the gut-lung axis. Microbiota imbalance at any specific site may contribute to the development of diseases in distant organs or tissues (26). Short-chain fatty acids (SCFAs) - primarily produced by gut microbiota fermenting dietary fiber - include acetic acid, propionic acid, and butyric acid. These metabolites modulate immune cell function by activating G protein-coupled receptors. Specifically, SCFAs enhance regulatory T cell development, suppress allergic inflammation, and reduce Th2-type cytokine production, including IL-4, IL-5, and IL-13, in allergic asthma (27). Gut microbiota modulates immune cell distribution and function by regulating bone marrow myeloid cell differentiation. In the absence of gut microbiota, myeloid cell differentiation is impaired. This results in reduced bacterial clearance and increased susceptibility to allergic diseases, such as asthma (28, 29) Gut microbiota modulates T cell differentiation by regulating dendritic cell (DC) maturation and function. Specifically, gut microbiota induces DCs to express specific co-stimulatory molecules and cytokines, thereby promoting Th1, Th2, and Th17 cell differentiation. In asthma, excessive Th2 cell activation and abnormal Th17 cell function are strongly linked to airway inflammation (29). For the shared pathological mechanisms underlying FI and asthma, supplementation with probiotics or prebiotics may restore intestinal microbial balance, strengthen the intestinal barrier, reduce bacterial translocation and systemic inflammation, and thereby alleviate symptoms of both FI and asthma. Drugs or nutritional supplements with epithelial-repairing properties—such as glutamine and zinc—could exert therapeutic effects on both conditions. Glutamine serves as a critical energy source for intestinal epithelial cells, promoting their repair and regeneration, and enhancing intestinal barrier integrity. Zinc is crucial for synthesizing and activating numerous enzymes and is essential for maintaining epithelial cell structure and function. Zinc supplementation may restore epithelial barrier function in both the airways and intestines, thereby potentially reducing inflammatory responses.

Our study identified age as a significant factor influencing the association between FI and asthma. With advancing age, individuals undergo various neuromuscular changes, including diminished anal resting and squeeze pressures, reduced rectal compliance, impaired rectal sensation, and increased sensory thresholds (30, 31). These physiological changes may increase the susceptibility to FI. The mechanisms underlying the impact of aging on asthma may include a decline in pulmonary elasticity leading to increased airflow limitation (32), reduced response to asthma treatment, and an inflammatory pattern mediated by TH1 and TH17 cells resulting in reduced corticosteroid sensitivity (33). These factors may increase susceptibility to asthma among middle-aged and elderly individuals (34).

There exists a gender disparity in the association between FI and asthma, with women showing a higher likelihood of experiencing the relationship between FI and asthma. Some assumptions suggest that pelvic tissue damage resulting from pregnancy and childbirth may pose a potential risk factor for FI. However, extensive research has not fully explored such associations (35, 36). According to research, vaginal delivery can lead to anal sphincter muscle damage in women (37), particularly during their first vaginal delivery when the risk of anal sphincter rupture is highest. However, with each subsequent delivery, there is an increased likelihood of pelvic nerve injury (37). It has been found that vaginal delivery is not directly associated with FI, whereas the damage to the anal sphincter acts as an independent risk factor for FI (38). Therefore, the role of obstetric injury in the occurrence of FI among women remains a subject of controversy and requires further exploration.

Asthma is more common in adult women, potentially due to differences in physiological structure and sex hormone levels. Compared to men, women have smaller and lighter lungs. Lung structure directly affects ventilatory capacity. This observation remains true even when comparing individuals of the same height. Notably, the capacity of female lungs may be partially attributed to a lower alveolar count (39). Despite having smaller lungs than men, women exhibit higher expiratory flow rates, thus increasing the likelihood of respiratory symptoms (40). Fluctuations in sex hormone levels during the menstrual cycle may play an important role in asthma development. Estrogen and progesterone directly regulate immune pathways involved in asthma pathogenesis, while testosterone may exert protective effects on asthma-related inflammatory processes, although the exact mechanisms are not fully understood (41). During specific phases of the menstrual cycle and pregnancy, some women with asthma may experience exacerbated symptoms. Particularly during the luteal phase, when estrogen and progesterone levels increase, asthma symptoms can periodically intensify, affecting approximately 11%–45% of women (42). These two hormones are capable of directly modulating the immune pathways involved in asthma pathogenesis, thereby heightening airway responsiveness to various stimuli and increasing the risk of asthma exacerbations. For female patients with FI, given that their intestinal and pelvic floor functions may already exhibit certain abnormalities, hormonal fluctuations influencing airway reactivity may further predispose them to the induction or exacerbation of asthma symptoms, thereby reinforcing the link between FI and asthma. A study analyzed the responsiveness of airways to acetylcholine during the follicular and luteal phases, finding that 30% of asthmatic women show significant reactivity to acetylcholine during the follicular phase. This finding supports the notion that female bronchial hyperresponsiveness is associated with hormonal levels (43).

Our study used the nationally representative NHANES database across three research cycles. We incorporated additional covariates to investigate the relationship between FI and asthma risk. This study also presents several limitations. First, the cross-sectional design limits our ability to establish the temporal sequence between FI and asthma. Although we observed a significant association, it remains unclear whether FI precedes asthma onset or vice versa. Second, despite adjusting for multiple confounders, residual confounding from unmeasured variables may influence the observed association. Third, although the potential mechanisms discussed in this study are grounded in theoretical evidence, their interpretation remains partially speculative. Further validation and clarification of these mechanisms will necessitate additional basic research, longitudinal studies, and intervention studies. Finally, some covariates that may affect asthma were not directly included, such as data on pelvic floor disorders, which may have impacted the results.



5 Conclusion

Our study has found a significant correlation between FI and asthma, particularly among females, middle-aged and older adults, and individuals with obesity. While this association warrants clinical attention, further longitudinal research is needed to determine whether interventions targeting FI could influence asthma risk. Consequently, it is crucial to closely monitor respiratory symptoms in individuals with FI. Early assessment and management of FI may improve overall health outcomes, but causality remains to be established.
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