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Background: Inflammation and oxidative stress are a common and fundamental factor in the pathological process leading to erectile dysfunction (ED) and metabolic dysregulation. We aimed to reveal the relationship between the DII, composite dietary antioxidant index (CDAI), and ED, as well as the mediating role of MS, TyG index, MAP, UA, and TC on this relationship.

Methods: This study included 1,488 participants from the NHANES surveys conducted between 2001 and 2004. The DII was constructed using 27 dietary components related to inflammatory potential, while the CDAI was built using six key minerals and vitamins. In the analysis, Spearman correlation, generalized linear models, and weighted logistic regression models were employed. The mediating roles of metabolic indicators in the relationships were investigated using Causal mediation analysis.

Results: After comprehensive adjustment for confounding factors, we found a significant association between DII (OR: 1.07, 95% CI: 1.03–1.11, p < 0.001) and CDAI (OR: 0.97, 95% CI: 0.95–1.00, p < 0.05) and ED. Additionally, all metabolic indicators except for the TyG index (OR: 1.54, 95% CI: 1.20–1.96, p < 0.01), did not show a significant association with the risk of ED. The DIIhigh + CDAIlow group had the highest ED risk. Further mediation analysis indicated that TyG played a mediating role between DII and ED, while MS played a mediating role between CDAI and ED.

Conclusion: This study indicates that DII and CDAI were significantly associated with ED.
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1 Introduction

One of the most prevalent forms of male sexual dysfunction is erectile dysfunction (ED). According to the consensus statement (2015) from the Fourth International Consultation on Sexual Medicine (1), ED is described as the consistent inability to achieve and maintain an erection that is adequate for satisfactory sexual performance, emphasizing that ED is not an occasional, transient phenomenon. A retrospective cross-sectional study reviewing national health and Wellness surveys from 2015 and 2016 across eight countries/regions revealed that the prevalence of ED among adult males in these areas was relatively high, ranging from 37.2% in Brazil to 48.6% in Italy (2). Although ED is not life-threatening, it can have serious negative impacts on mental health anxiety and alexithymia, social relationships (sexual intimacy, career development), and quality of life (3). Recent trends indicate a rising incidence of ED, characterized by an increasingly younger age of onset (4, 5). For younger patients, ED is more often a manifestation of unhealthy lifestyles and psychological stress rather than solely organic disease.

Oxidative stress and inflammation are two closely related biological processes that not only exist independently but also influence each other, jointly affecting the progression of diseases. Inflammatory responses clear damage through proteolytic activity and generate new fluids that support cell growth, promoting tissue regeneration and connective tissue reconstruction; however, oxidative stress exacerbates inflammation and tissue damage by increasing the production of free radicals and depleting antioxidants, both of which can lead to tissue dysfunction (6). In individuals with ED, elevated levels of inflammatory components in the blood, such as TNF-α, CRP, IL-1β, IL-6, and IL-18, along with increased oxidative stress markers (ROS and MDA) are common features, and overall antioxidant capacity tends to decline with age (7–11). Chronic inflammation and oxidative stress-induced endothelial dysfunction are among the primary pathological mechanisms of ED (12). Understanding the interplay between inflammation and oxidative stress is crucial for developing new treatment strategies for ED and related conditions.

Diet is not only a fundamental need for human survival but also a crucial component for maintaining health. As mentioned in the Huangdi Neijing (The Yellow Emperor’s Classic of Medicine): “Grains are for nourishment, fruits are for assistance, livestock is for benefit, and vegetables are for supplementation.” A substantial body of epidemiological and clinical studies have shown that diet has extensive impacts on health and disease, including but not limited to ED, diabetes, metabolic dysregulation, neurological disorders, and cancer (13, 14). Thus, dietary interventions are seen as promising adjunct therapies. Given the sensitivity and privacy of ED, many patients prefer non-medical approaches to reduce side effects and enhance sexual performance. Indeed, certain dietary supplements have been utilized to enhance and improve male sexual function (15). Although the results are encouraging, the underlying mechanisms of diet-based therapeutic strategies remain largely unexplored, significantly limiting their widespread application in disease management.

In this study, we utilized the multidimensional and comprehensive NHANES (National Health and Nutrition Examination Survey) database to investigate the combined effects of the DII (dietary inflammatory index) and the CDAI (composite dietary antioxidant index) on ED. To comprehensively reveal their complex interactions in disease development, we also introduced metabolic indicators such as Metabolic score (MS), triglyceride-glucose (TyG) index, mean arterial pressure (MAP), uric acid (UA), and total cholesterol (TC), and examined their mediating roles. Metabolic dysregulation is a common feature of many chronic diseases and can influence levels of inflammation and oxidative stress, and vice versa (16). Our findings may provide new perspectives and strategies for preventing and managing ED.



2 Methods


2.1 Study participants

This cross-sectional study analyzed data from the NHANES from the years 2001 to 2004, the only cycles with available ED data. The initial sample included 4,116 male participants. Participants were excluded if they met either of these conditions: (a) incomplete dietary and laboratory information (n = 2,602); (b) history of prostate cancer treatment, including surgery, medication, or chemotherapy (n = 20); (c) baseline information marked as “Refused” or “Do not know (n = 6). The final analysis included 1,488 participants, with 1,093 classified as non-ED and 395 as ED (Figure 1).
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FIGURE 1
 Flow chart for participants.




2.2 DII

The DII, devised by Shivapp, is a quantitative tool incorporating 45 dietary factors designed to evaluate the association between dietary patterns and health (17). Even when fewer than 30 nutrients are utilized for its calculation, the DII score remains valid. Given the constraints on variety of dietary elements examined in the NHANES, the DII was computed using 27 dietary elements derived from NHANES 2001–2004 data. Previous validation studies have demonstrated that the DII retains predictive validity even when constructed with fewer than 30 components. The calculation of the DII involved these formulas:

DII = (Z score’ × the inflammatory effect score of each dietary component).

Z score’ = Z score (daily mean intake – global daily mean intake)/standard deviation) → (converted to a percentile score) × 2–1.



2.3 CDAI

Composite dietary antioxidant index is a comprehensive quantitative tool for assessing the impact of diet on oxidative stress and antioxidant balance. The method for assessing the CDAI, adapted from Wright (18), involves six essential minerals (selenium, zinc) and vitamins (vitamins A, vitamins C, vitamins E, and carotenoids). The global average intake values and corresponding standard deviations for each nutrient were derived from the National Cancer Institute’s dietary reference database, following Wright’s methodology. Standardization was performed by centering individual daily intake values around the global mean and dividing by the global standard deviation to generate standardized z-scores. The CDAI is computed by dividing the difference between the average daily intake and the global average daily intake by the standard deviation.



2.4 Definition of ED

The assessment of erectile function was conducted using one specific question: “How would you describe your ability to get and keep an erection adequate for satisfactory intercourse?” Answers included “always or almost always able,” “usually able,” “sometimes able,” or “never able.” For the purposes of this study, ED was characterized as a binary variable. Participants were considered to have ED if they reported being “sometimes able” or “never able” to maintain an erection, while those stating they are “always or almost always able” or “usually able” were considered not having ED.



2.5 Metabolic indicators

Measurements of blood pressure were conducted at the MEC. Enzymatic methods were used to measure triglyceride, fasting plasma glucose, UA, and TC levels with an autoanalyzer. To calculate MAP, add 1/3 of the difference between the systolic and diastolic blood pressures to the diastolic pressure. TyG index is determined by taking the natural logarithm of the product of fasting triglycerides and fasting glucose, divided by two, using the average MAP over 2 days. Furthermore, MS was constructed by summing the z-converted values of above metabolic indicators.



2.6 Covariates

Covariates were selected considering their potential influence on dietary patterns and metabolic outcomes. Participants were classified as low income [poverty ratio (PIR) < 1], medium income (1 ≤ PIR < 4), or high income (PIR ≥ 4). Participants’ smoking status was evaluated using two questions: “Have you smoked at least 100 cigarettes in your entire life?” and “Do you now smoke cigarettes every day, some days, or not at all?” Depending on their answers, individuals were classified as never smokers (smoking < 100 or is a non-smoker), ex-smokers (a history of smoking ≥ 100 cigarettes but was now a non-smoker), or current smokers (currently smokes, either daily or on occasion, with a history of smoking ≥ 100). Physical activity self-reported was divided into moderate or vigorous levels. Covariates such as race/ethnicity, education, and marital status were also included.



2.7 Statistical analysis

The CDC guidelines were adhered to for all analyses. The R “mice” package was utilized to impute missing values in the baseline data. The Kruskal–Wallis test was employed to analyze continuous data with skewed distributions, whereas the Chi-square test was used for categorical variables. The associations between DII, CDAI and MS, TyG index, MAP, UA, and TC were assessed by Spearman correlation. Generalized linear models (GLM) evaluated the relationships between DII, CDAI, and metabolic indicators, while binary logistic regression analysis computed the ORs (odds ratios) and corresponding 95% CIs (confidence intervals) related to ED. Three distinct models were applied: Model 1 made no adjustments, Model 2 adjusted for race/ethnicity and age, and Model 3 further adjusted for BMI, PIR, smoking status, physical activity, education, and marital status. Alcohol and total energy intake were not adjusted as they are part of the DII calculation. To examine the joint effects of DII and CDAI on metabolic indicators and ED, both indices were dichotomized at 0, with scores above 0 as high and below 0 as low, forming four subgroups: DIIhigh + CDAIlow, DIIhigh + CDAIhigh, DIIlow + CDAIhigh, and DIIlow + CDAIlow. The reference group was DIIhigh + CDAIlow, against which the other subgroups were compared. Causal mediation analysis was performed to examine the mediating role of metabolic indicators, using a GLM and an outcome model (logistic regression). Mediation effects were quantified as the percentage of the indirect effect out of the overall effect, which was tested using Bootstrap sampling (1,000 iterations). To visualize the relationships among them, a Sankey diagram was employed. Sensitivity analyses were performed in two ways: (1) applying a stricter ED definition, which categorized only those who “never achieved or maintained an erection sufficient for satisfactory intercourse” as having ED; and (2) conducting a multiple imputation analysis using chained equations (MICE) to include participants initially excluded for missing dietary and laboratory data. The robustness of the results was assessed by comparing the complete-case and imputed analyses. All statistical analyses incorporated the NHANES sample design, including strata, clusters, and sample weights, to obtain nationally representative estimates. Specifically, the 4-year dietary weights (WTDR4YR) were used for analyses involving dietary variables. Statistical analyses were performed with R software (version 4.2.2) and MSTATA software.1 A statistically significant result was shown with a two-sided p < 0.05.




3 Results


3.1 Baseline characteristics of the participants

After exclusions for incomplete ED assessments, missing diet data, and history of prostate cancer treatment, a total of 1,488 participants were included in the study. The majority of participants were non-Hispanic White, with a median age of 44 (IQR: 33, 55). Of these, 395 (26.55%) had ED. Subsequently, we stratified the clinical characteristics of the participants based on the presence or absence of ED, as shown in Table 1. The results indicated that there were statistically significant differences between the ED group and the no-ED group in terms of age, BMI, smoking status, physical activity, education, marital status, dietary quality, and metabolic indicators. Specifically, ED was more prevalent among older adults, those who were obese, had lower educational levels, were unmarried or not in a marital relationship, engaged in low-intensity physical activity, and smoked. Notably, participants without ED had a lower DII (p < 0.001) and a higher CDAI (p < 0.001). Additionally, participants with ED showed a tendency toward a higher TyG index and metabolic score (MS) (p < 0.05), while other metabolic indicators showed no correlation.



TABLE 1 Baseline characteristics of participants.
[image: Table1]



3.2 The association of dietary quality indices (DII, CDAI) with metabolic indicators

Next, we investigated the correlations between DII, CDAI, and metabolic indicators using Spearman correlation analysis. The results, as shown in Supplementary Figure 1, revealed a strong negative correlation between DII and CDAI, with the strongest correlation (r = −0.66) in the ED group. For other metabolic indicators, their correlations with DII/(or) CDAI were weak, with most absolute values below 0.1. The relationship between these metabolic indicators and DII/(or) CDAI in the ED group was also more complex. The heatmap also illustrated varying degrees of positive correlation among these metabolic indicators, with high correlations noted between TyG index, MAP, TC, and UA, underscoring the central role of metabolic dysregulation and highlighting the coexistence of multiple metabolic imbalances.



3.3 The associations of dietary quality indices (DII, CDAI) and metabolic indicators with ED

To exclude the influence of confounding factors and provide a more accurate estimation of the true effects of exposure variables DII, CDAI on ED and other metabolic indicators, we sequentially adjusted for different covariates. In all models presented in Figure 2A, both DII and CDAI showed significant associations with ED. After adjusting for all covariates, a higher DII correlated with a 7% higher risk of ED (OR = 1.07, 95% CI: 1.03–1.11, p < 0.001), while the risk was reduced by 3% as a result of CDAI (OR = 0.97, 95% CI: 0.953–1.00, p < 0.05). The OR values were very similar across the three models, indicating a robust relationship. Additionally, CDAI showed a significant association with UC in model 3 (Figure 2B, P < 0.05), although the β-coefficient was small.

[image: Figure 2]

FIGURE 2
 Associations of dietary quality indices (DII, CDAI) with ED (A) and metabolic indicators (B). Each point represents the effect estimate (OR or β); horizontal lines indicate the 95% confidence interval.


Additionally, we analyzed the relationships between different metabolic indicators and ED. The results were shown in Table 2. In all three models, the TyG index showed a significant positive correlation with ED (Model 3: β-coefficient = 0.43, OR = 1.54, 95% CI: 1.20–1.96, p < 0.01). This association suggests that the TyG index may serve as an important metabolic marker in ED. Although the MS showed statistical significance in Model 1 (β-coefficient = 0.07, OR = 1.08, 95% CI: 1.02–1.14, p < 0.05), it did not show statistical significance in Models 2 and 3. This suggested that the effect of MS may be partially explained by other covariates.



TABLE 2 Associations of metabolic indicators with ED.
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3.4 Analysis of combined effects of dietary quality indices (DII, CDAI) on metabolic indicators and ED

After dichotomizing DII and CDAI at a score of 0, four subgroups were formed: DIIhigh + CDAIlow, DIIhigh + CDAIhigh, DIIlow + CDAIhigh, and DIIlow + CDAIlow. The combined effects of different DII and CDAI combinations on ED were shown in Table 3. Regardless of the combination of DII and CDAI, there was a significant trend toward reduced risk of ED compared to the control group (DIIhigh + CDAIlow) (Table 3, p < 0.05). This suggests that the combination of a high DII and a low CDAI is associated with a higher risk of ED, even after adjusting for multiple confounding factors, where this association remains significant. In Model 1, no associations were observed between different combinations of DII and CDAI and MS, TyG index, MAP, UA, and TC. However, TyG index showed statistical significance after multiple adjustments, with β-coefficient of −0.16 in Model 2 (95% CI: −0.28, −0.03, p < 0.05) and −0.13 in Model 3 (95% CI: −0.24, −0.01, p < 0.05). The TyG index in this joint effect is worth further investigation.



TABLE 3 The combined effects of dietary quality indices (DII, CDAI) on ED and metabolic indicators.
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3.5 The influence of metabolic indicators as mediators in establishing the association among DII, CDAI, and ED

Metabolic indicators MS, TyG, MAP, UA and TC were considered as mediators, and the effects of independent variables DII and CDAI on ED were explored in these mediated models. The results (Figure 3) showed that, TyG mediated 6.73% of the relationship between DII and ED (p < 0.05), with and βADE of 0.0129. In the relationship between CDAI and ED, the mediating effect of MS was 1.6%, with βADE of −0.0075. Other metabolic markers did not show significant mediating effects in their respective pathways. Metabolic indicators partially mediate the relationship between DII and CDAI and ED. Furthermore, a Sankey diagram visually illustrated the interaction and potential causality between TyG, DII, MS, and CDAI (Supplementary Figure 2).

[image: Figure 3]

FIGURE 3
 The influence of metabolic indicators as mediators in establishing the association among DII, CDAI, and ED. The left panel shows mediation models with DII as the exposure; the right panel shows CDAI as the exposure. Arrows symbolize promotion, and circle heads signify inhibition. ACME, average causal mediation effects; ADE, average direct effects.




3.6 Sensitivity analysis

As part of the sensitivity analyses, we conducted multiple imputation for missing baseline data. The results after imputation were consistent with those of the complete-case analysis, showing similar associations between DII, CDAI, metabolic indicators, and ED. Specifically, the odds ratios and effect estimates changed minimally (<5%), indicating that the exclusion of participants with incomplete data did not substantially bias our conclusions. The sensitivity analysis results showed that the relationship between DII and ED, as well as between CDAI and ED remained stable (Supplementary Table 1, p < 0.01). Similar results were observed for the association between CDAI and UC (Supplementary Table 1, p < 0.05). Furthermore, a significant positive association was also found between TyG index and ED, with a β-coefficient of 0.43, OR of 1.54 (95% CI: 1.19–1.98, p < 0.01) (Supplementary Table 2).




4 Discussion

Diet is a key modifiable target for reducing chronic diseases risk. In clinical trials, dietary therapy has effectively improved or restored ED in patients with obesity or metabolic dysregulation (19, 20). The gluten-free diet has been reported to help improve celiac disease-related sexual dysfunction (21). In our current cross-sectional study, we provided insights into the relationship between the DII, the CDAI, and ED by comprehensively handling data and adjusting for multiple levels of confounding factors. Additionally, metabolic dysregulation (MS and TyG) partially mediated this process. To our knowledge, this study is one of the earliest to specifically combine metabolic indicators with DII, CDAI, and ED risk.

The etiology of ED is highly complex, involving well-defined organic lesions, such as vascular and neurological dysfunction as well as lifestyle and psychosocial factors (22). Consistent with previous studies, unhealthy lifestyles and unstable environmental factors are significantly associated with higher rates of ED (23, 24). Our study also revealed an intriguing finding that ex-smokers exhibited a higher risk of ED when compared with current smokers, despite the lack of statistical significance. This may suggest that those who have quit smoking already have some serious health issues that prompted them to stop smoking.

Although the link between dietary quality and ED has not been fully elucidated, several studies suggest that inflammation and oxidative stress may play important roles. High-fat diet-induced diabetic ED in rats is associated with higher levels of pyroptosis in the corpus cavernosum tissue (25), which may reduce the bioavailability of nitric oxide and cause endothelial damage (26). This, in turn, leads to increased contractile responsiveness of the corpus cavernosum. Given this, recent studies have emphasized the importance of adopting anti-inflammatory and antioxidant diets for the prevention and management of ED. In diabetes-induced testicular morphological damage, omega-3 fatty acids and carotenoids (astaxanthin) found in seafood can exert protective effects through their antioxidant, anti-inflammatory, and anti-apoptotic properties (27). Additionally, a prospective study involving American male health professionals discovered that a higher Mediterranean diet score was linked to a reduced risk of ED (28, 29). As one of the most evidence-based diets, the Mediterranean diet can increase NO bioavailability, enhance antioxidant defense, and suppress inflammation, all of which are crucial for reducing cardiovascular disease risk and, consequently, ED (26). Other studies indicated that both Mediterranean and plant-based diets are negatively correlated with the DII (30). Researches also showed that high dietary lycopene intake can reduce ED risk (31, 32). Furthermore, various dietary antioxidants, such as vitamins C and E and phytochemicals, have positive effects on ED (33–35). These findings strongly support our conclusions. Even after accounting for several confounding factors, the significant association between DII, CDAI, and the probability of ED was remained prominent. Additionally, recent NHANES-based studies have further validated the relevance of dietary quality to ED risk. Liu et al. (36) demonstrated that higher intake of trace metals such as magnesium, zinc, copper, and selenium was associated with lower ED prevalence. Using dose–response curve analysis, multivariate adjustment, and propensity score matching, this study confirmed the protective role of these micronutrients. Similarly, Hao et al. (37) found that a higher Composite Dietary Antioxidant Index (CDAI) was significantly associated with reduced ED risk, even after adjusting for key confounders through propensity score matching. These findings are consistent with our results and reinforce the role of anti-inflammatory and antioxidant dietary components in sexual health. Compared with these prior studies, our study provides a more integrated perspective by jointly assessing both inflammatory (DII) and antioxidant (CDAI) dietary profiles and examining their interaction with metabolic dysfunction as potential mediators of ED. Compared to the Mediterranean diet score, which reflects an overall healthy eating pattern rich in anti-inflammatory and antioxidant foods, the DII and CDAI provide more focused quantitative measures of the inflammatory and antioxidant potential of the diet, respectively. Although these indices differ in scope and calculation, they collectively underscore the critical role of dietary quality in modulating ED risk. Nevertheless, promoting dietary interventions based on these indices faces practical challenges. Adherence to anti-inflammatory or antioxidant-rich diets can be influenced by cultural dietary preferences, socioeconomic status, food accessibility, and individual motivation, all of which vary widely across populations. Mechanistically, individuals with a high DII and low CDAI dietary pattern are likely exposed to a persistent pro-inflammatory and oxidative stress environment. This chronic state may impair endothelial function, reduce nitric oxide bioavailability, promote vascular dysfunction, and ultimately contribute to the pathogenesis of ED. Our findings therefore highlight the potential for targeted dietary modifications to serve as an adjunct strategy in ED prevention and management.

Recent studies have reported cross-sectional associations between DII and CDAI and ED individually (38–40). Although CDAI and DII focus on different dietary factors, their combined study can provide a more comprehensive understanding of diet’s impact on disease. Zheng et al. (41) reported on a study involving Chronic Obstructive Pulmonary Disease. However, up to this point, the synergies between DII and CDAI have largely remained unknown.

Diets rich in anti-inflammatory and antioxidant components may play a role in the prevention and management of ED, suggesting the potential value of dietary interventions as a therapeutic strategy. In clinical practice, DII/CDAI can be used as tools to assess patients’ dietary patterns, allowing for personalized dietary counseling to promote healthier eating changes. However, due to the cross-sectional nature of our study, future longitudinal or interventional studies are needed to explore these potential causal relationships.

Metabolic dysregulation is a cluster of conditions including insulin resistance, central obesity, arterial hypertension, and hyperlipidemia, which can adversely affect male urogenital organs. When diabetes and hypertension coexist, they exacerbate ED by increasing oxidative stress, inflammation, apoptosis, and autophagy, while simultaneously inhibiting eNOS activity and NO production (42). Considering the relationship between metabolic dysregulation and ED, we further investigated the potential mediating role of metabolic dysfunction. Our results indicated an association between ED risk and MS as well as the TyG index, with these factors partially mediating the observed associations among DII, CDAI, and ED. The TyG index, developed by Simental-Mendía et al. (43) is a simple, cost-effective, and easily obtainable tool for assessing insulin resistance (44). Studies have shown that approximately 20% of newly diagnosed ED cases exhibit impaired glucose metabolism (45). Furthermore, other studies have reported a relationship between the TyG index and ED, noting its elevation in ED patients (46). Our findings indicate that, after adjusting for all confounding factors, a one-unit increase in the TyG index is associated with a 54% increase in the prevalence of ED. In states of insulin resistance, decreased efficiency of insulin action can be associated with elevated blood glucose and lipid levels, which are closely related to increased inflammation and oxidative stress (47). These processes may impact the pathophysiological mechanisms of ED. However, while the TyG index mediates the relationship between CDAI and ED, the ADE is small, suggesting that further comprehensive evaluation is needed in practical applications. Although the mediation effects observed for TyG (6.73%) and MS (1.6%) were modest in magnitude, they may still be biologically meaningful. In chronic disease processes such as erectile dysfunction, even small indirect effects can have cumulative impacts at the population level over time. Moreover, our mediation analysis was limited to a few metabolic indicators. Additional biological mediators, including inflammatory biomarkers such as C-reactive protein (CRP) and oxidative stress markers, could play critical roles in the complex pathways linking dietary quality and ED risk. Future studies incorporating a broader set of biomarkers and longitudinal designs are warranted to further elucidate these mechanistic relationships.

In the current study, we utilized representative data from NHANES, ensuring data quality and validity through the exclusion of individuals who had undergone prostate cancer treatment and those with missing baseline information, as well as eliminate confounding factors. Despite focusing on different dietary aspects, the combined study of CDAI and DII provides a more comprehensive understanding of the impact of diet on disease. However, the cross-sectional design of this study fundamentally limits the ability to establish temporal or causal relationships between dietary indices and erectile dysfunction. Although associations were identified, causality cannot be inferred. Therefore, future prospective longitudinal studies and randomized controlled trials are warranted to confirm these findings and elucidate underlying mechanisms. Additionally, the limitations of observational studies mean that other potential influences, such as psychological disorders, cannot be ruled out. Moreover, the data were obtained through recall interviews, which may be subject to patient recall bias and other potential biases. Although a significant proportion of participants were excluded due to missing information, our multiple imputation-based sensitivity analysis demonstrated that the primary findings remained robust. Therefore, selection bias is unlikely to have materially affected our results. Nevertheless, the possibility of residual confounding due to missing variables cannot be entirely ruled out, and future studies with more comprehensive data collection are warranted. Furthermore, certain potential confounders, such as mental health status (e.g., depression, anxiety) and the use of medications like antihypertensives, were not included in our adjustment models due to data limitations. Both psychological factors and specific medications have been associated with erectile dysfunction risk in prior studies. The lack of adjustment for these variables may have introduced residual confounding. Future research with more detailed psychiatric assessments and medication usage data is necessary to further validate these findings.



5 Conclusion

Higher DII scores and lower CDAI values were linked to a greater risk of ED, partially mediated by MS and the TyG index.
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