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Background

Urinary incontinence (UI) is a common and troublesome global problem. The purpose was to explore the relationship between muscle quality index (MQI) and UI.





Methods

We performed a secondary analysis of the National Health and Nutrition Examination Survey (NHANES) database (2011 to 2014). Weighted logistic regression was used to analyze the relationship between MQI and UI. Subgroup analyses were further conducted to investigate the relationship. The P for trend and P for interaction were also conducted.





Results

A total of 2,779 participants were enrolled in the study, comprising 1,241 females and 1,538 males with a median age of 36 years. The prevalence of UI was approximately 25.45%. In adjusted model, weighted multivariate logistic regression analyses showed that MQI was significantly negatively associated with UI (OR,0.65; 95%CI,0.50 to 0.85). Furthermore, the results revealed that the highest MQI group had a 33% reduction in UI compared to the lowest MQI group and the P for trend was less than 0.05. In subgroup analysis, the MQI was negatively associated with UI in females (OR, 0.64; 95%CI, 0.45 to 0.92), under 40 years old (OR,0.65; 95%CI,0.50 to 0.85), poverty-to-income ratio of 1 to 3 (OR, 0.48; 95%CI, 0.29 to 0.78), and Non-Hispanic Black (OR, 0.50; 95%CI, 0.29 to 0.87), and in some populations without hypertension or diabetes.





Conclusion

The study revealed that a higher MQI was associated with a lower prevalence of urinary incontinence. This study provides insights into potential preventive strategies for UI.
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1 Introduction

The prevalence of urinary incontinence (UI) is quite high in the U.S. population. The prevalence of UI is increasing annually in both men and women, with a particularly sharp rise observed in men as they age (1). The UI is associated with an increased risk of mortality related to cancer and cardiovascular diseases (2). In addition, UI was positively associated with depression (3). Therefore, the prevention of UI should be emphasized among the U.S. population.

Recently, many studies have focused on the relationship between muscle and handgrip strength with human disease. For example, sarcopenia was negatively correlated with the degree of recovery of voiding function during recovery from the disease (4). Low muscle mass increases the risk of death from cardiovascular disease in diabetics (5). Similarly, low handgrip strength is associated with an increased risk of cardiovascular mortality (6). Handgrip strength has been shown to have a significant correlation with urinary incontinence in the elderly (7). Pelvic floor muscle strength is positively correlated with handgrip strength and plays an important role in female UI (8). A higher percentage of muscle-to-fat ratio may provide a protective factor against female urinary incontinence (9). Therefore, assessing the association between muscle/grip strength and UI seems promising.

An indicator that combines handgrip strength (HGS) and muscle mass is called the MQI, which is defined as handgrip strength divided by the appendicular skeletal muscle mass (ASM) (10). MQI showed a negative correlation with depression, anxiety stress, and periodontal disease (11, 12). Furthermore, mental health issues have always been a significant cause of incontinence (13) and chronic illnesses also increase the prevalence of incontinence (14). Therefore, the potential relationship between MQI and UI is worth exploring in facing the enormous challenges.

The purpose of this study was to explore the relationship between MQI and UI. We hypothesized that the MQI would be negatively associated with UI in the U.S. population. By exploring this relationship, the study hopes to make a scientific contribution to UI prevention.




2 Methods



2.1 Study population information

The NHANES is a large research program evaluating the health and nutrition of the U.S. population, including both adults and children. And it has complete demographic and medical information. Secondary analysis of these data allows for the investigation of the epidemiological characteristics of diseases, which can lead to the development of appropriate health prevention policies and the strengthening of health security measures.

This study selected the 2011-2012 and 2013-2014 survey cycles for analysis because only these two rounds contain complete data on MQI and UI. Initially, the two survey cycles included a total of 16,112 participants. First, 6,890 participants were excluded due to missing data for calculating the MQI, including grip strength (1,371) and appendicular skeletal muscle mass (5,519). Second, participants with missing data on UI (4,002) were excluded. Subsequently, participants with missing data on other variables, including physical activity (963), serum cotinine (151), alcohol consumption (991), hypertension (2), and diabetes (44) were also excluded. Finally, participants with missing data on poverty-to-income ratio (PIR) (0), educational background (0), and pregnancy (173) or dietary energy intake data (197) were excluded from the study. Finally, the sample size analyzed by the study was 2,779 (Figure 1).




Figure 1 | Participant screening flowchart.






2.2 Exposure definition

MQI (Kg/Kg) was defined as an exposure factor in this study. The MQI was obtained by dividing the hand-grip strength (HGS) by appendicular skeletal muscle mass (ASM). HGS was measured by a grip strength test using a handgrip dynamometer. Participants were asked to go through the test three times with each hand. HGS was the sum of the largest reading from each hand. Muscle mass is obtained by dual-energy X-ray absorptiometry. ASM was the sum of the muscle mass of the four limbs (excluding bone mineral content).




2.3 Outcome definition

The outcome of this study was UI. According to a previous study, urinary incontinence was defined as any one of an affirmative answer to the following three questions. 1) “During the past 12 months, have you leaked or lost control of even a small amount of urine with an activity like coughing, lifting or exercise?”. 2) “During the past 12 months, have you leaked or lost control of even a small amount of urine with an urge or pressure to urinate and you couldn’t get to the toilet fast enough?”. 3) “During the past 12 months, have you leaked or lost control of even a small amount of urine without an activity like coughing, lifting, or exercise, or an urge to urinate?”.




2.4 Variable selections

This study included as many covariates as possible in interviews and physical examinations of the population that could influence the MQI and UI. First, demographic factors included gender, age, race/ethnicity, educational background, and PIR. In addition, several lifestyle factors were also included as covariates in the analysis, including smoking status (serum cotinine), alcohol consumption, and physical activity. These lifestyle factors have been demonstrated to be closely associated with urinary symptoms (15–17). Physical activity was measured as metabolic equivalent score * frequency of each body activity per week * duration of each body activity (18). Two chronic diseases (hypertension, diabetes), which were associated with UI, were also included as covariates (19, 20). Finally, given the significant role of diet in the study, total dietary energy intake was included as a covariate to account for its potential influence (21).




2.5 Statistical analysis

Categorical variables in this study are expressed as weighted percentages. Continuous variables were tested for normal distribution and all continuous variables were non-normally distributed, the results are expressed as median (IQR). We categorized the MQI into quartiles, the lowest MQI quartiles, the lower MQI quartiles, the higher MQI quartiles, and the highest MQI quartiles. The Kruskal-Wallis test was used for non-normally continuous variables while the Rao-Scott test was used for categorical variables to compare the MQI quartile. Additionally, the corresponding effect sizes were calculated. For continuous variables, Cohen’s d was calculated, and for categorical variables, Cramer’s V was computed. Weighted univariate and multivariate logistic regression models were used to investigate the potential relationship between MQI and UI. Odds ratio (OR) and 95% confidence intervals (CI) were obtained. The model 1 was a crude model with any covariates, the model 2 was adjusted for gender and age, and the model 3 was adjusted for all covariates above. Furthermore, P for rends was also estimated. In addition, subgroup analyses were also performed as well as the calculation of P for interaction. All analyses were performed in R (4.2.2) and a P value less than 0.05 was deemed statistically significant.





3 Results



3.1 Characteristics of the participants

A total of 2,779 participants consisting of 1,538 males and 1,241 females were included in the final analyses (Table 1). The majority of the race/ethnicity was Non-Hispanic White and owned the educational level above high school. The prevalence of UI in the population was 25.45% and had a decreased trend from Q1 to Q4, as well as the prevalence of hypertension and diabetes (P value was less than 0.05). In addition, compared to the Q1 group, the Q4 group exhibited higher dietary energy intake, greater alcohol consumption, higher cotinine levels, and more physical activity.


Table 1 | Characteristics of the participants in muscle quality index’ quartile.






3.2 Baseline characteristics of urinary incontinence

Compared to no urinary incontinence participants, the urinary incontinence population was older, had a large proportion of Non-Hispanic White females, and was more likely to have hypertension and diabetes, less physical activity and MQI levels, and low dietary energy intake (P < 0.05). There were also differences in serum cotinine level and alcohol consumption (Table 2).


Table 2 | Baseline characteristics of urinary incontinence/no urinary incontinence participants.






3.3 Relationship between muscle quality index and urinary incontinence

Table 3 demonstrated that MQI was significantly negatively correlated with UI. The OR (95%CI) in model 1 was 0.43 (0.34 to 0.55), in model 2 it was 0.65 (0.49 to 0.85), and in adjusted model 3 it was 0.67 (0.51 to 0.87). Furthermore, the OR (95%CI) were 0.94 (0.68 to 1.31), 0.71 (0.45 to 1.12), and 0.66 (0.46 to 0.94) from Q1 to Q4 in model 3, which revealed that the highest MQI group had a 34% reduction in UI compared to the lowest MQI group.


Table 3 | Relationship between muscle quality index and urinary incontinence.






3.4 Subgroup analysis

In subgroup analysis, the MQI was negatively associated with UI in females (OR, 0.64; 95%CI, 0.45 to 0.92), those under 40 years old (OR, 0.65; 95%CI, 0.50 to 0.85), those with PIR of 1 to 3 (OR, 0.48; 95%CI, 0.29 to 0.78), and Non-Hispanic Black (OR, 0.50; 95%CI, 0.29 to 0.87). In addition, a negative correlation was also found in some populations without chronic diseases (hypertension and diabetes) (Figure 2).




Figure 2 | Subgroup analysis of the relationship between MQI and UI.







4 Discussion



4.1 Main results

The results found that MQI showed a significant negative relationship with UI. Not only in the crude Model 1 and Model 2, but also in the fully adjusted Model 3, the negative association between MQI and UI remained consistent and robust. The UI might be decreased by 34% with each unit increased in MQI. Moreover, this negative association persisted in females, PIR (1 to 3), those aged under 40 years, those without diabetes or hypertension, and Non-Hispanic Black. Low levels of MQI might function as a risk indicator for the UI population.




4.2 Comparison and interpretations

In recent years, there has been an increased focus on the impact of muscle mass on urinary tract symptoms as well as overall health. Urethral function declines by approximately 15% per 10 years. The effects of aging on the function of the urethra are obvious (22). Most importantly, aging is accompanied by loss of muscle mass and function (23). There are differences in skeletal muscle aging between females and males, with age having a more profound effect on skeletal muscle in women (24). The UI was more common in females. The impact of changes in muscle characteristics on the body has been demonstrated in certain contexts. In older men, thigh muscle strength and urinary symptoms were negatively correlated (25). Neuroelectric stimulation affecting muscle size and strength was shown to reverse the onset of hospitalized disability (26). In the future, modulation of limb muscle size and strength to regulate MQI level appears to be a viable approach to preventing UI.

The findings also suggested that MQI shows a negative correlation with UI in non-diabetic and hypertensive patients. Diabetes is associated with accelerated skeletal muscle damage (27). An overactive bladder accompanied by sympathetic excitation is evident in hypertension patients (28). Few studies have investigated the role of MQI in diabetic and hypertension patients. People with diabetes and hypertensive tend to be concerned about other, more common complications. This would be a new direction for future research. However, muscle abnormalities may have been manifested in pre-diabetes (29). Interestingly, the relationship between MQI and UI exhibits gender differences, with this association being particularly significant in females. Anatomical and hormonal differences, as well as the impact of childbirth and menopause on pelvic floor function, contribute to the increased risk of UI in females. For example, differences in sex hormones between men and women may also contribute to this phenomenon. Low estrogen levels in females have been associated with an increased risk of UI (30). Furthermore, low testosterone levels in females are also considered a risk factor for UI (31). Additionally, postmenopausal females are more susceptible to developing UI (32). Lower-income individuals often face barriers to accessing healthcare, including limited availability of preventive services and treatments for UI. Consistent with our findings, in contexts of relatively lower economic status, food insecurity is associated with a higher prevalence of sarcopenia, which in turn increases the risk of UI (33). Furthermore, higher levels of chronic stress and occupational hazards may exacerbate the relationship between UI and MQI. Among non-Hispanic Black individuals, the proportion of shift work was higher. Shift work was positively associated with urinary incontinence in women but showed no significant association in males (34). Females under financial stress reported twice as many lower urinary tract symptoms (including UI) as women without financial stress (35). Notably, participants were more likely to discuss incontinence when severe incontinence was present. Female with diabetes, the largest group of incontinence sufferers, were also reluctant to discuss diabetes. People with diabetes tended to be concerned about other, more common complications. Those with lower household incomes were less likely to discuss incontinence with the interviewer (36). However, UI appears to be prevalent among low-income older adults in other countries (37). Therefore, although we have not reached valid conclusions in the low- and high-income groups. However, attention to them cannot be reduced.




4.3 Strengths and limitations

First, the population included in this study was a weighted, nationally representative population. Second, the sample size of this study was large enough that the results were meaningful in the population. In addition, this study included covariates that could influence exposure factors and outcomes as much as possible, making the results more reliable.

However, the limitations were also evident. First, the outcomes were based on participants’ subjective responses, which could lead to misinformation. Second, the most significant drawback was that this study was a cross-sectional study, which did not allow for the determination of causality, but only correlation analysis. While the study provided valuable insights into MQI and UI, it was cross-sectional design limits the ability to infer causality. Longitudinal studies were necessary to determine the temporal relationship between UI and MQI. Furthermore, randomized controlled trials were essential to evaluate the effectiveness of specific interventions targeting MQI. This would help infer causality between UI and MQI and provide a robust foundation for clinical decision-making. Finally, multicenter studies involving diverse populations could enhance the generalizability and stability of the findings.

It remains unknown whether systemic muscle-strengthening training can reverse existing UI, as muscle loss and UI may interact due to various factors, including aging, gender differences, and chronic diseases. Clinically, targeted interventions to prevent muscle loss may help reduce the prevalence of UI, particularly in high-risk populations. However, it is important to note that once UI and significant muscle loss have occurred, some interventions may be insufficient to alleviate UI symptoms. Additionally, the impact of early muscle-strengthening interventions on UI prevention is an essential area of investigation.





5 Conclusion

In conclusion, the negative correlation between MQI and UI in this study suggests that UI seems to be prevented by changing the level of MQI. In daily life, people at risk of UI should be more muscular strength exercise thus reducing the incidence of UI. However, more prospective studies are necessary. It also provides a new perspective for the prevention of UI worldwide. However, more effective indicators related to UI should be continuously explored. By addressing these questions, future research can provide clearer guidance on the role of muscle strengthening in both the prevention and management of UI.
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