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Purpose

This study explored the association between the C-reactive protein-albumin-lymphocyte (CALLY) index and erectile dysfunction (ED).





Patients and methods

Data from 2,128 participants in the 2001–2004 National Health and Nutrition Examination Survey (NHANES) were analyzed and classified into ED and non-ED groups.Additionally, a separate analysis of complete erectile dysfunction was conducted.A weighted multiple logistic regression model was used to assess the association between CALLY and ED, while smooth curve fitting was applied to explore their linear relationship.ROC analysis was conducted to compare the predictive accuracy (AUC) of CALLY, Systemic Inflammation Response Index (SIRI), Systemic Immune-Inflammation Index (SII), Aggregate Index of Systemic Inflammation (AISI), Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR), and the product of platelet count and neutrophil count (PPN) for ED.





Results

After adjustment, Ln-CALLY was negatively associated with ED (OR = 0.77, 95% CI: 0.69–0.85, p < 0.0001) and complete ED (OR = 0.88, 95% CI: 0.78–1.00, p = 0.0450).The highest Ln-CALLY tertile (Q3) was associated with a significantly lower risk of ED compared to Q1 (OR = 0.40, 95% CI: 0.30–0.55, p < 0.0001).A similar trend was observed for complete ED (OR = 0.57, 95% CI: 0.38–0.85, p = 0.006).Curve fitting revealed a negative correlation between CALLY and both types of ED.Subgroup analysis confirmed the consistent and independent association.CALLY exhibited superior predictive performance for ED (AUC = 0.6512) and complete ED (AUC = 0.6237) compared to other markers.





Conclusion

Higher CALLY levels were linked to a reduced ED risk and proved a superior predictor compared to other inflammatory markers.
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Introduction

Erectile dysfunction is a common disease of the male reproductive system that seriously affects the quality of life of both the patient and their partner, which has a prevalence of 19-52% in the world and increases with age (1). ED is a multifactorial disease associated with various factors, including injury, endothelial dysfunction, smooth muscle issues, infection, and oxidative stress (2). Evidence indicates systemic inflammation contributes to endothelial dysfunction, which is linked to various vascular diseases (3, 4). Penile arteries are small and sensitive; therefore, ED may significantly indicate systemic endothelial dysfunction. Consequently, considerable research has been directed toward exploring the relationship between inflammation and ED.

In clinical and previous studies, hematological indicators are frequently used to reflect patients’ inflammatory levels, nutritional status, and immune function. C-reactive protein (CRP) is a common clinical marker used to reflect the inflammatory status of patients with ED (5). Serum albumin has long been used as a marker of clinical nutritional status, with low albumin serving as an independent risk factor for ED. Lymphocyte count is a conventional biomarker that reflects immune function (6, 7). The C-reactive protein-albumin-lymphocyte (CALLY) index, developed by Hiroya Iida et al., is a novel immunity and nutrition scoring system calculated by multiplying the albumin level by the lymphocyte count and dividing by the C-reactive protein level (8). Previous studies have investigated the relationship between CALLY and the prognosis of patients with colorectal cancer, hepatocellular carcinoma, and myocardial infarction (8–11). Similarly, a cross-sectional study showed that the CALLY index was negatively correlated with cardiocirculatory syndrome (12). These studies show that, compared with traditional immune indicators, the CALLY index has excellent predictive power for various diseases. However, studies on the correlation between the CALLY index and ED are still limited. Using data from the National Health and Nutrition Examination Survey (NHANES), we investigated the potential independent association between the CALLY index and ED to address gaps in understanding ED risk factors and predictors and to guide the development of effective preventive measures.





Materials and methods

We performed a cross-sectional analysis using NHANES data from 2001 to 2004. This comprehensive program, administered by the National Center for Health Statistics, is a vital resource for assessing the health and nutritional status of the US population.NHANES includes detailed interviews covering demographic characteristics, socioeconomic status, dietary practices, and various health aspects, supplemented by thorough examinations conducted by qualified healthcare professionals, including medical tests and blood marker assessments. All participants in the NHANES study program provided informed consent, and the NCHS Research Ethics Review Board approved the program. Detailed information about the NHANES survey is publicly available.




Data and study participants

The National Health and Nutrition Examination Survey (NHANES) is a major initiative of the Centers for Disease Control and Prevention (CDC) designed to assess the health and nutritional status of the U.S. population. NHANES uses a multistage probability sampling design to collect a representative sample of the noninstitutionalized civilian population in the United States. All participants in the NHANES study protocol provided informed consent, and the protocol was approved by the NCHS Research Ethics Review Board. Further details about the NHANES survey can be found on the official website: https://www.cdc.gov/nchs/nhanes/index.htm.

For our study, we utilised data from two NHANES cycles (2001-2002 and 2003-2004) as ED information was only available for these years. The initial sample consisted of 21,161 participants. We then applied the following inclusion and exclusion criteria:(1) Participants with incomplete ED assessments, as assessed through the “Body Measures” and “Prostate Conditions” questionnaires, were excluded (n=17,045). (2) Participants lacking the necessary data for calculating the C-reactive protein-albumin-lymphocyte (CALLY) index, specifically CRP, albumin, and lymphocyte data, were excluded (n=1,988). (3) Participants under the age of 18 years were excluded (n=0). As a result, the final study population consisted of 2,128 participants. The detailed selection process, including all exclusions, is shown in Figure 1.




Figure 1 | Flowchart of participant selection. NHANES, National Health and Nutrition Examination Survey; CALLY, C-reactive protein-albumin-lymphocyte; ED, erectile dysfunctioncholesterol ratio.







Assessment of C-reactive protein-albumin-lymphocyte index

The blood cell count analysis results, including neutrophils, platelets, monocytes, and lymphocytes, obtained using the Kurt HMX blood analyzer, are reported in standardized units per microliter × 10³ cells. Our primary focus is the CALLY index, a novel indicator derived from albumin levels, lymphocyte counts, and CRP values. The CALLY index is calculated explicitly as [(albumin in g/L) × (lymphocyte count in 1000 cells/μL)]/(CRP in mg/dL), offering a comprehensive assessment of inflammation and nutritional status.





Assessment of ED

Interviews were conducted in private rooms at the MEC using the Audio Computer-Assisted Self-Interview (ACASI) method.ED self-assessment, used as the dependent variable, was measured with a question from the Massachusetts Male Aging Study (13): ‘How would you describe your ability to get and maintain an erection sufficient for satisfactory sexual intercourse?’Response options included ‘always or almost always can,’ ‘usually can,’ ‘sometimes can,’ and ‘never can.’For this analysis, ED was defined as participants who answered ‘sometimes able’ or ‘never able’ to maintain an erection. Respondents who answered ‘always or almost always able’ or ‘usually able’ to maintain an erection were classified as not having ED. In this study, complete erectile dysfunction was defined as participants who answered ‘never able’ to maintain an erection.





Covariates of interest

In this study, the covariates of interest included age, race, education level, marital status, family poverty income ratio (PIR), BMI, physical activity (vigorous/moderate), smoking status, alcohol consumption, diabetes, hypertension, hypercholesterolemia, and cardiovascular disease(CVD). Physical activity was categorized as vigorous (yes/no) or moderate (yes/no). Participants who reported smoking at least 100 cigarettes in their lifetime and were smoking at the time of the survey were classified as current smokers. Former smokers were defined as those who had smoked at least 100 cigarettes in their lifetime but were not smoking at the time of the survey. Additionally, men who had smoked fewer than 100 cigarettes in their lifetime were classified as non-smokers. A non-drinker was a participant who answered ‘no’ to having consumed at least 12 alcoholic beverages in their lifetime or any single year. In this study, men who answered ‘yes’ to having consumed 12 alcoholic drinks in their lifetime or any single year but had not consumed any in the past 12 months were classified as former drinkers. Participants who answered ‘yes’ to consuming 12 alcoholic beverages in their lifetime or any single year and had consumed at least one in the past 12 months were classified as current drinkers. Participants were considered diabetic if they had a physician’s diagnosis of diabetes, a fasting blood glucose level ≥ 7.0 mmol/L, glycated hemoglobin (HbA1c) ≥ 6.5%, or were using glucose-lowering medication or insulin, according to the American Diabetes Association (ADA) criteria. Participants were classified as hypertensive if they had a history of hypertension, were taking antihypertensive medications, or had a systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 80 mmHg, according to the 2017 American College of Cardiology (ACC) and American Heart Association (AHA) guidelines. Participants were considered hypercholesterolemic if their total cholesterol level was > 5.2 mmol/L or their low-density lipoprotein cholesterol (LDL-C) level was > 3.4 mmol/L, according to the National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) guidelines.CVD was defined as participants with a prior diagnosis of congestive heart failure, coronary heart disease, angina pectoris, stroke, or heart attack.





Statistical analysis

In this study, the multistage design of NHANES was accounted for in all statistical analyses by selecting appropriate sampling weights, strata, and primary sampling units.Continuous variables were expressed as weighted means and standard errors (SE), and categorical variables were expressed as weighted proportions in the baseline characteristics table. We observed that the CALLY data exhibited skewness, necessitating the application of the natural logarithm (Ln) to the values prior to statistical analysis (Supplementary Figures 1, 2). The Kruskal Wallis rank sum test was used for continuous variables and the chi-square test for categorical variables to assess differences between participants with different CALLY tertiles. The relationship between CALLY and ED prevalence was analyzed using multivariate logistic regression. Three models were used: Model 1 was unadjusted; Model 2 was adjusted for age and race; and Model 3 was adjusted for age, race, BMI, education level, marital status, family PIR, smoking status, alcohol consumption, vigorous and moderate activity, diabetes, hypertension, high cholesterol, and CVD. Subgroup analyses explored the association between CALLY and ED across various subgroups. Smooth curve fitting was applied to examine the nonlinear relationship between CALLY and ED. The Receiver Operating Characteristic (ROC) curve and the area under the curve (AUC) were used to evaluate the predictive ability of CALLY and other inflammatory markers (SIRI, SII, AISI, NLR, PLR, and PPN) for ED. A p-value < 0.05 was considered statistically significant. All statistical analyses were conducted using EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc.) and the R statistical software package (http://www.R-project.org; The R Foundation).






Results




Characteristics of study participants

A total of 2,128 participants were included in our study, with 709 in T1, 709 in T2, and 710 in T3 of the three CALLY groups Table 1 shows the baseline demographic and clinical characteristics of the participants. Of the participants, 648 (30.45%) were diagnosed with ED, and 268 (12.59%) had complete ED. No statistically significant differences in education level were observed between groups (P > 0.05). At the same time, all other baseline covariates showed statistically significant differences between CALLY groups (P < 0.05).


Table 1 | Baseline characteristics of NHANES participants, 2001–2004.







Association between CALLY and ED

Weighted multivariate logistic regression was used to examine the relationship between CALLY and ED in the crude model, Model 1, and the fully adjusted model. Details are presented in Table 2, which showed a significant negative correlation between Ln-CALLY and ED and complete ED across all models. In the fully adjusted model (Model 3), each one-unit increase in Ln-CALLY was associated with a 23% reduction in the risk of ED (OR = 0.77, 95% CI: 0.69–0.85, p < 0.0001). The risk of complete ED decreased by 12% (OR = 0.88, 95% CI: 0.78–1.00, p = 0.0450). The continuous Ln-CALLY variable was converted into a categorical variable by dividing it into three tertiles. In Model 3, individuals in the highest tertile (T3) had a 60% lower risk of ED compared to those in the lowest tertile (T1) (OR = 0.40, 95% CI: 0.30–0.55, p < 0.0001). This trend was consistent for complete ED, with an OR of 0.57 (95% CI: 0.38–0.85, p = 0.0066). Smooth curve fitting analysis revealed a negative linear correlation between CALLY and both ED and complete ED (Figure 2).


Table 2 | Multiple logistic regression analysis Ln-CALLY vs erectile dysfunction.






Figure 2 | (A) Smooth curve fitting diagram of Ln-AISI and erectile dysfunction in fully adjusted models; (B) Smooth curve fitting diagram of Ln-AISI and complete erectile dysfunction in fully adjusted models.







Subgroup analysis

Subgroup analyses were conducted to determine whether the association between Ln-CALLY and ED and complete ED was consistent across different strata. As shown in Table 3, all subgroups, including age, BMI, hypertension, diabetes mellitus, high cholesterol, vigorous activity, moderate activity, and CVD, did not affect the negative correlation between CALLY and ED or complete ED (p > 0.05 for all interactions).In certain strata, the negative correlations were statistically significant and stable. For instance, among participants over 50 years of age, each unit increase in Ln-CALLY was associated with a 27% reduction in the likelihood of developing ED (OR = 0.73, 95% CI: 0.65–0.83, p = 0.029) and a 12% reduction in the possibility of creating complete ED (OR = 0.88, 95% CI: 0.77–1.00, p = 0.0431). Detailed results of this analysis are presented in Table 3.


Table 3.1 | Subgroup analysis for the association between CALLY and ED.




Table 3.2 | Subgroup analysis for the association between CALLY and complete ED.







CALLY had a more vital predictive ability for ED and complete ED than other Inflammation marks

The area under the curve (AUC) was calculated to compare the predictive accuracy of CALLY with other inflammatory indicators (NLR, PLR, PPN, SII, AISI, SIRI) for ED and complete ED. Figure 3 shows the ROC curve used to evaluate the predictive performance of CALLY and other inflammatory markers for ED and complete ED. Table 4 presents the AUC value (95% CI) for diagnosing ED: CALLY: 0.6512 (0.6263–0.6762).CALLY demonstrated the highest AUC compared to other inflammatory markers, with a statistically significant difference (p < 0.05). The AUC of CALLY was also the highest for diagnosing complete ED. Table 4 includes additional details, such as cut-off values, sensitivity, and specificity. For instance, the optimal cut-off value for CALLY in predicting ED was 556.79 (specificity: 0.5405, sensitivity: 0.6867). These results suggest that CALLY may be a superior predictor of ED and complete ED compared to other inflammatory markers.




Figure 3 | ROC curve and AUC value of seven inflammatory indicators(CALLY, SIRI, NLR, AISI, SII, PLR, PPN) for dignosing erectile dysfunction and complete erectile dysfunction. (A) seven inflammatory indicators are assessed to identify erectile dysfunction. (B) seven inflammatory indicators are assessed to identify complete erectile dysfunction.




Table 4 | Comparison of AUC values between CALLY and other Inflammation marks.








Discussion

Ultimately, the study included 2,128 participants from the 2001–2004 NHANES cohort, of whom 648 (30.45%) had ED. Of the patients with ED, 268 (12.59%) were diagnosed with complete ED. Our findings indicate a negative association between CALLY and ED prevalence, with this association remaining stable in patients with complete ED. The negative correlation persists when CALLY is divided into tertiles (Q1–Q3). Furthermore, subgroup analysis demonstrated that the relationship between CALLY and ED was consistent across all stratifying variables, with a stable negative correlation. Finally, ROC analysis indicated that CALLY may be a superior predictor of ED and complete ED compared to other inflammatory markers. Our study supports previous findings suggesting that inflammation may be a potential mechanism underlying ED. Therefore, incorporating CALLY into clinical practice may help identify individuals at higher risk of ED in the general population.

This is the first study to report CALLY levels in ED patients and controls from the NHANES database. The CALLY index, a novel inflammatory marker, comprises albumin levels, lymphocyte count, and CRP (14). Unlike more straightforward inflammatory indicators like NLR or SII, the CALLY index integrates nutritional, inflammatory, and immune factors to assess inflammation’s impact on erectile dysfunction comprehensively. Albumin, a key indicator of nutritional status, has been implicated in the pathogenesis of ED due to its association with malnutrition (15, 16). Lymphocytes and C-reactive protein (CRP) indicate the body’s immune and inflammatory status. Numerous studies have supported the association between inflammation and ED. Zhong’s analysis revealed that ED patients exhibited higher systemic immune-inflammatory indices(SII) (17). Feng et al. identified a significant positive association between a novel inflammatory marker, the neutrophil-to-lymphocyte ratio (NLR) exceeding 1.52, and ED (18). A study among dialysis patients demonstrated a significant association between C-reactive protein (CRP)/albumin ratio (CAR) and severe ED (19).

However, the mechanisms underlying this association are still not well understood. The most plausible mechanism involves endothelial dysfunction, which ultimately results in arteriosclerosis. Normal vascular endothelium regulates hemostasis, inflammation, and local injury responses, maintaining steady blood flow to mitigate inflammation (20). However, disrupted homeostasis, marked by increased oxidative stress and inflammation, can precipitate endothelial dysfunction (21). Albumin possesses antioxidant properties that can mitigate cell damage caused by free radicals, thereby potentially inhibiting the progression of atherosclerosis. By mitigating the inflammatory response, albumin may help slow the formation of arterial plaques (22). Studies have demonstrated that the presence and severity of endothelial dysfunction correlate with inflammatory markers and mediators like C-reactive protein (23, 24). CRP levels, assessed via penile Doppler ultrasound, significantly correlate with the severity of penile arterial disease (25). Arteriosclerosis uniformly affects blood vessels, and given the smaller diameter of penile arteries (1-2 mm), similar degrees of endothelial dysfunction and arteriosclerosis likely result in substantial reductions in penile tissue blood flow, leading to erectile dysfunction. The pathogenesis of immune cells in erectile dysfunction (ED) is highly complex. Several studies have demonstrated that regulatory B cells expressing CD20 are crucial in suppressing excessive immune activation and inflammation. Regulatory T cells (Tregs) are pivotal in maintaining immune homeostasis and controlling excessive inflammatory responses, thereby safeguarding vascular health—particularly in conditions closely related to vascular function, such as ED (26).

Our study boasts several strengths, including extensive, representative NHANES sample data, fully accounting for sample design and weighting. Additionally, we adjusted for relevant covariates in our multivariate logistic regression analysis to isolate the independent effect of CALLY on erectile dysfunction (ED). Furthermore, subgroup analyses were conducted to examine the stability of these effects. However, our study is not without limitations. For instance, being a cross-sectional study, it cannot establish causality. In addition, due to the limitations of the NHANES database, reliance on self-reported ED history may introduce bias, potentially underestimating the true prevalence of ED. Incorporating objective measures, such as the International Index of Erectile Function (IIEF) or colour Doppler ultrasound, could help mitigate this bias and provide a more accurate assessment.Additionally, while we made efforts to adjust for as many covariates as possible, there remain uncontrolled factors, such as sex hormones, that may still influence the results. Finally, the NHANES database solely represents the United States population. The applicability of the CALLY-ED relationship in other countries or regions requires further verification through additional research. Therefore, future large-scale prospective studies are essential to elucidate the longitudinal relationship between the CALLY index and ED, and clinical data-based studies are needed to assess its predictive and practical value fully.





Conclusions

This study underscores a significant negative correlation between the CALLY index and the risk of erectile dysfunction (ED). The CALLY index has proven to be a robust and independent predictor of ED, surpassing many other inflammatory markers in performance. This finding emphasizes the potential utility of the CALLY index as a clinical tool for identifying individuals at risk of ED.
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