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Abstract
Background  Individual antioxidants may not fully capture the comprehensive antioxidant intake from an individual’s 
diet. This study utilizes the Complex Dietary Antioxidant Index (CDAI) to evaluate the combined effects of various 
dietary antioxidants in the diet. The goal is to investigate the relationship between CDAI and the incidence of erectile 
dysfunction (ED), offering insights for dietary guidelines and intervention strategies aimed at mitigating the burden of 
ED.

Methods  This cross-sectional study utilized data from the National Health and Nutrition Examination Survey 
(NHANES) database in the years 2001–2004. We employed a weighted multivariate logistic regression model to 
validate the relationship between CDAI and ED. Subgroup analyses were conducted to explore the correlation 
between CDAI and ED across different subgroups. Additionally, we used propensity score matching (PSM) to adjust 
for several key confounding variables, enhancing the robustness of the results.

Results  In the fully adjusted multivariate logistic regression model for confounding variables, CDAI is negatively 
correlated with the risk of ED (OR = 0.95, 95% CI: 0.92–0.99, P = 0.005). When CDAI is transformed into a categorical 
variable based on quartiles, Q3 (OR = 0.73, 95% CI: 0.53–0.99, P = 0.040) and Q4 (OR = 0.70, 95% CI: 0.51–0.96, P = 0.026) 
show a negative correlation with the risk of ED. Subgroup analysis reveals no significant interaction. After adjusting for 
major confounding variables through PSM, the association between CDAI and reduced risk of ED remains significant.

Conclusion  In our study cohort, there is an association between CDAI and a reduced risk of ED, and further research 
is needed to validate and refine this conclusion.
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Introduction
In accordance with the guidelines outlined by the Ameri-
can Urological Association (AUA), erectile dysfunction 
(ED) is defined as the incapacity to attain or sustain an 
erection of adequate magnitude to fulfill sexual inter-
course, attributed to impairment during the sexual 
arousal phase [1]. The prevalence of ED is commonly 
higher among elderly males. Nevertheless, research dem-
onstrates that 25% of men under the age of 40 opt for 
medical intervention due to ED, and 22.1% exhibit lower 
scores on the Sexual Health Inventory for Men (SHIM) 
[2]. This indicates that ED may represent a widespread 
health issue among the male population. ED is regarded 
as a harbinger of various diseases, as studies unveil its 
intimate connection with numerous conditions, includ-
ing cardiovascular diseases [3], chronic liver disease [4], 
and cirrhosis [5]. This phenomenon may be ascribed to 
the shared risk factors, such as smoking, alcohol con-
sumption, obesity, and elevated cholesterol levels [6], 
with the occurrence of ED happening at an earlier stage. 
Therefore, as a multifaceted condition influenced by vari-
ous physiological and lifestyle factors, comprehending 
the modifiable determinants of ED is crucial for public 
health.

Oxidative stress is a recognized factor contributing 
to vascular dysfunction and the pathophysiology of ED, 
Research indicates that oxidative stress increases the 
production of reactive oxygen species (ROS), leading to 
endothelial dysfunction, which reduces the availability 
of nitric oxide and disrupts vascular homeostasis. This 
results in decreased blood flow to the tissues and an 
inability to achieve or maintain an erection, ultimately 
leading to ED [7]. Dietary antioxidants have been con-
firmed to play a role in various diseases [8, 9]. The asso-
ciation between specific antioxidants and ED has been 
subject to research, including the examination of vitamin 
D [10], zinc [11], and lycopene found in tomatoes [12]. 
Nevertheless, these singular antioxidants may fall short 
in capturing the comprehensive antioxidant intake from 
an individual’s diet, given issues related to differences in 
bioavailability and absorption. Furthermore, an elevated 
intake of individual antioxidants may potentially transi-
tion into pro-oxidants [9, 13], which could have unfa-
vorable implications for health. The Complex Dietary 
Antioxidant Index (CDAI) serves as a method for gaug-
ing the antioxidant capacity of one’s diet, Unlike indices 
such as Total Antioxidant Capacity (TAC), the CDAI is 
derived from food frequency questionnaires or dietary 
recalls, accounting for both the types and quantities of 
antioxidant-rich foods consumed. CDAI emphasizes 
the relationship between dietary habits and health out-
comes, whereas TAC, despite its informative nature, may 
not fully capture the dietary context and can be influ-
enced by factors beyond food intake, such as individual 

metabolism and environmental influences [14]. Previous 
studies have found that higher CDAI scores are associ-
ated with a reduced risk of kidney stone formation and 
that there is a negative correlation between CDAI and 
related cardiovascular diseases [15, 16]. This index deliv-
ers a comprehensive score that encapsulates a spectrum 
of dietary antioxidants, encompassing vitamin A, C, E, 
zinc, selenium, and carotenoids [17, 18]. The use of the 
CDAI offers a more holistic viewpoint in assessing the 
collective impact of diverse dietary antioxidants within 
one’s diet. Gaining insights into the relationship between 
the overall antioxidant effects in the diet and erectile 
function is of paramount importance for devising effica-
cious intervention strategies and nutritional guidance.

The principal objective of this research is to explore the 
correlation between the CDAI and the incidence of ED. 
The intention is to offer insights for dietary guidelines 
and intervention strategies aimed at mitigating the bur-
den of ED.

Materials and methods
Data source and study population
This cross-sectional study utilized data from the National 
Health and Nutrition Examination Survey (NHANES) 
database. The survey is part of a program conducted by 
the National Center for Health Statistics (NCHS), which 
is affiliated with the Centers for Disease Control and Pre-
vention (CDC) in the United States. NHANES employs a 
two-year survey cycle with a complex, multi-stage proba-
bility sampling design to select participants from various 
demographic and socioeconomic groups. The collected 
data include demographic information, dietary records, 
physical examinations, laboratory data, and various 
survey questionnaires. The incorporation of this com-
prehensive dataset aims to evaluate the health and nutri-
tional status of adults or children.

The participant selection process for the study is illus-
trated in Fig. 1. The study population consisted of 10,301 
adult males who participated in NHANES during the 
2001–2004 period. Participants with missing ED data or 
incomplete dietary information were excluded from the 
analysis. The final study cohort comprised 3,807 partici-
pants, including 1,109 assessed with ED and 2,698 with-
out ED. To better control for confounding factors and 
derive more robust conclusions, a 1:1 propensity score 
matching (PSM) was subsequently conducted, and a sec-
ondary analysis was performed on the matched 1,808 
participants.

Assessment of CDAI
The CDAI is a comprehensive score encompassing vari-
ous dietary antioxidants, including vitamin A, C, E, 
carotenoids, selenium, and zinc [17, 19]. The average 
daily intake data for each dietary antioxidant are derived 
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from the dietary interview records of the first and second 
days in the NHANES database. CDAI is calculated using 
the measurement method mentioned by Wright et al. 
[20], which involves subtracting mean intake of the study 
population from each individual’s intake of each dietary 
antioxidant the and then dividing the result by the popu-
lation’s standard deviation. The sum of these values pro-
vides the CDAI, as expressed in the following formula:

	
CDAI =

∑n=6

i=1

Individual Intake − Mean

SD

Assessment of ED
We conducted an assessment of ED using NHANES 
surveys for male participants aged 20 and above. These 
participants were asked about their capability to achieve 
and maintain an erection sufficient for satisfactory inter-
course. Drawing on recent research [21, 22], responses 
of “always or almost always able to” or “usually able to” 
were defined as non-ED participants, whereas responses 
of “sometimes able to” or “never able to” were categorized 
as ED participants.

Covariates
In our study, we included various covariates to address 
potential confounding factors. These encompass age, 
race, educational level, marital status, economic status, 
smoking, alcohol consumption, body mass index (BMI), 
physical activity, hypertension, diabetes, hyperlipidemia, 

history of cardiovascular disease, history of prostate dis-
ease, and overall health status. Based on the smoking and 
alcohol consumption questionnaires administered to the 
participants, individuals who have smoked at least 100 
cigarettes in their lifetime are defined as smokers, other-
wise as non-smokers. Smoking status is further catego-
rized into former smokers and current smokers based on 
current smoking habits. Participants who have consumed 
at least 12 alcoholic beverages in their lifetime are defined 
as drinkers, and daily alcohol consumption is classi-
fied as moderate (up to two drinks) or heavy (more than 
two drinks). Low physical activity is defined as frequent 
sitting or little movement, moderate physical activity 
involves regular walking but infrequent heavy lifting, and 
high physical activity encompasses frequent climbing of 
stairs or hills and heavy lifting. Participants’ blood pres-
sure, measured four times, is averaged, and hypertension 
is defined as systolic blood pressure ≥ 140mmHg, dia-
stolic blood pressure ≥ 90mmHg, or the use of antihyper-
tensive medication. Diabetes is defined as fasting blood 
glucose ≥ 126  mg/dL or glycated hemoglobin ≥ 6.5%. 
High cholesterol is determined by a serum total choles-
terol level ≥ 240 mg/dL or the use of cholesterol-lowering 
medication. Participants with a history of congestive 
heart failure, coronary artery disease, or angina pectoris 
are classified as having a history of cardiovascular dis-
ease. A history of prostate disease is defined as a previous 
diagnosis of prostate-related conditions. Health status is 
self-assessed by participants and categorized as “Good, 
very good, excellent” or “Fair or poor”. Considering the 
potential for multicollinearity among the covariates, we 
employed Stata software to assess multicollinearity using 
the Variance Inflation Factor (VIF). The analysis revealed 
a mean VIF value of 1.17 for all covariates, with each 
VIF being less than 2, indicating the absence of multicol-
linearity among the covariates.

Statistical analysis
This study utilized Stata 17 and SPSS as statistical soft-
ware. Descriptive statistics were utilized to summarize 
the demographic characteristics of the study population. 
Categorical variables were represented using weighted 
proportions and 95% confidence intervals (95%CI), while 
continuous variables were presented using weighted 
means and standard errors (SE). Given the data spanned 
two survey cycles from 2001 to 2004, MEC weights × 0.5 
were applied as the final weights. SPSS was used to con-
duct Pearson chi-square tests for categorical variables 
and t-tests for continuous variables to assess group dif-
ferences. Binary logistic weighted regression analysis was 
employed to investigate the relationship between CDAI 
and ED. CDAI, treated as a continuous variable, was cate-
gorized based on quartile ranges for analysis. Unadjusted 
univariate logistic weighted regression analysis was 

Fig. 1  The flowchart for participant screening in this study
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designated as Model 1. Subsequent multivariate logistic 
weighted regression analyses included adjustments in 
Model 2 for age and race and in Model 3 for additional 
factors, namely education level, marital status, economic 
status, smoking, alcohol consumption, BMI, physical 
activity, hypertension, diabetes, hyperlipidemia, history 
of cardiovascular disease, history of prostate disease, and 
overall health status. Trend tests were conducted for each 
model to evaluate the linear trend of the impact of each 
CDAI interval on the outcome [23].

After conducting multivariate logistic weighted regres-
sion analyses for the three models, subgroup analyses 
were performed for age, race, education level, hyper-
tension, diabetes, hyperlipidemia, and history of car-
diovascular disease in Model 3, excluding the grouping 
variables. The objective of these analyses was to inves-
tigate the correlation between CDAI and ED across dif-
ferent subgroups. Interaction tests for CDAI with each 
subgroup were conducted using SPSS to offer more pre-
cise risk estimates for the subgroups in the population 
[24].

In order to minimize selection bias and alleviate the 
influence of confounding factors, PSM was employed. 
PSM is particularly valuable when dealing with datasets 
containing numerous potential confounding variables 
[25], Specifically, PSM reduces selection bias by balancing 
covariates between the groups. Propensity scores were 
calculated using a logistic regression model that included 
relevant covariates, and we assessed the balance of 
covariates in the matched groups to ensure similarity in 
baseline characteristics. Further analyses were conducted 
using the matched data. This approach helps ensure that 
observed differences in outcomes are less likely to be 
due to confounding variables [26]. We employed PSM to 
adjust for several key confounding variables, such as age, 
BMI, hypertension, diabetes, hyperlipidemia, and history 
of cardiovascular disease. The matching tolerance was 
set at 0.03. Subsequently, descriptive statistics were per-
formed on the matched population, followed by second-
ary logistic weighted regression analyses using multiple 
models.

Results
Characteristics of study participants
The demographic characteristics of study participants, 
stratified by the definition of ED, are presented in Table 1. 
All results for demographic characteristics are weighted, 
and significant inter-group differences were observed 
(P < 0.05). A total of 3807 participants were ultimately 
included in the study, with 1109 classified as ED patients 
and 2698 as non-ED individuals. The average age of study 
participants was 45.24 (SE = 0.27), with the non-ED group 
having an average age of 41.32 (SE = 0.27), and the ED 
group having a significantly higher average age of 61.70 

(SE = 0.56). After categorizing age, the ED group had a 
significantly higher proportion of participants aged 40 
and above compared to the non-ED group (90.75% vs. 
53.30%, P < 0.001). In terms of socio-economic charac-
teristics, the ED group had a higher proportion of indi-
viduals with lower educational levels (28.38% vs. 13.52%, 
P < 0.001), a higher proportion of individuals who were 
married or cohabiting with a partner (88.21% vs. 71.1%, 
P < 0.001), and a lower proportion of individuals with 
higher economic status (32.51% vs. 39.85%, P < 0.001) 
compared to the non-ED group. In terms of behavioral 
habits, the ED group had a higher proportion of cur-
rent or former smokers (69.24% vs. 53.89%, P < 0.001), 
fewer alcohol consumers (73.24% vs. 83.4%, P < 0.001), 
and a higher proportion of individuals with a BMI of 25 
or higher (73.03% vs. 68.71%, P < 0.001), as well as more 
individuals with low physical activity (30.71% vs. 20.27%, 
P < 0.001). In terms of health, the ED group had a higher 
prevalence of hypertension, diabetes, cardiovascular dis-
eases, and a history of prostate diseases, with all differ-
ences being statistically significant (P < 0.001).

Association between the CDAI and ED
The weighted multivariate logistic regression models 
for the relationship between CDAI and ED are pre-
sented in Table  2. When CDAI is treated as a continu-
ous variable, it exhibits a negative correlation with ED 
in all three models, including Model 1 (OR = 0.92, 95% 
CI: 0.89–0.95, P < 0.001), Model 2 adjusting for age 
and race (OR = 0.93, 95% CI: 0.90–0.96, P < 0.001), and 
Model 3 adjusting for all covariates (OR = 0.95, 95% CI: 
0.91–0.98, P = 0.002). When CDAI is converted into a 
categorical variable based on quartile ranges, in Model 
1, Q3 (OR = 0.64, 95% CI: 0.50–0.82, P < 0.001) and Q4 
(OR = 0.52, 95% CI: 0.40–0.68, P < 0.001) show a negative 
correlation with ED. In Model 2, adjusting for age and 
race, CDAI Q3 (OR = 0.64, 95% CI: 0.49–0.83, P = 0.001) 
and Q4 (OR = 0.55, 95% CI: 0.42–0.72, P < 0.001) exhibit a 
negative correlation with ED. In Model 3, adjusting for all 
covariates, Q3 (OR = 0.72, 95% CI: 0.53–0.97, P = 0.033) 
and Q4 (OR = 0.66, 95% CI: 0.48–0.90, P = 0.010) are also 
negatively correlated with ED. In all three models, the 
protective effect against ED becomes more pronounced 
with increasing CDAI quartile ranges, and this trend is 
statistically significant (P < 0.001).

Subgroup analysis
Subgroup analysis results are shown in Fig. 2, indicating 
that there is no interaction between CDAI and ED across 
various subgroups. In the population aged 40 and above, 
CDAI is negatively correlated with ED (OR = 0.96, 95% 
CI: 0.92–0.99, P = 0.018). Non-Hispanic Black and Mexi-
can American populations show a negative correlation 
between CDAI and ED (OR = 0.89, 95% CI: 0.82–0.96, 



Page 5 of 10Hao et al. BMC Public Health         (2024) 24:3362 

Characteristic Total
(n = 3807)

No ED
(n = 2698)

ED
(n = 1109)

P-value

Age (year), mean (SE) 45.24 ± 0.27 41.32 ± 0.27 61.70 ± 0.56 < 0.001
Age (%) < 0.001
< 40 years 39.37(37.48,41.30) 46.70(44.48,48.94) 9.25(7.22,11.79)
≥ 40 years 60.63(58.70,62.52) 53.30(51.06,55.52) 90.75(88.21,92.78)
Race (%) < 0.001
Non-Hispanic White 74.62(73.13,76.05) 73.99(72.26,75.64) 77.24(74.34,79.9)
Non-Hispanic Black 9.36(8.63,10.15) 9.65(8.80,10.58) 8.17(6.89,9.66)
Mexican American 7.57(6.94,8.26) 7.84(7.10,8.64) 6.49(5.38,7.82)
Hispanic 4.37(3.61,5.28) 4.14(3.31,5.16) 5.33(3.71,7.61)
Other Race 4.07(3.34,4.95) 4.39(3.53,5.44) 2.77(1.75,4.36)
Educational level (%) < 0.001
Below high school 16.43(15.24,17.70) 13.52(12.27,14.88) 28.38(25.37,31.61)
High school 27.09(25.38,28.87) 28.07(26.09,30.14) 23.07(20.04,26.40)
Above high school 56.48(54.56,58.37) 58.41(56.21,60.57) 48.55(44.8,52.31)
Marital status (%) < 0.001
Living alone 25.43(23.79,27.15) 28.75(26.81,30.77) 11.79(9.47,14.58)
Married or living with partner 74.45(72.73,76.10) 71.1(69.08,73.05) 88.21(85.42,90.53)
Not recorded 0.11(0.03,0.47) 0.14(0.04,0.58) 0
Socioeconomic status (%) < 0.001
Low 9.85(8.87,10.93) 9.87(8.75,11.11) 9.79(7.94,12.02)
Moderate 46.78(44.85,48.72) 45.29(43.08,47.52) 52.92(49.15,56.66)
High 38.41(36.49,40.37) 39.85(37.63,42.10) 32.51(28.93,36.30)
Not recorded 4.96(4.19,5.85) 5.00(4.12,6.06) 4.78(3.54,6.41)
Smoking status (%) < 0.001
Never 43.07(41.15,45.02) 46.11(43.88,48.35) 30.62(27.25,34.21)
Former 29.53(27.81,31.30) 25.10(23.22,27.09) 47.71(43.99,51.45)
Current 27.37(25.67,29.13) 28.79(26.82,30.84) 21.53(18.52,24.88)
Not recorded 0.03(0.01,0.09) 0.01(0.00,0.04) 0.14(0.04,0.46)
Alcohol intake (%) < 0.001
Low 7.22(6.28,8.29) 7.27(6.19,8.52) 7.01(5.38,9.08)
Moderate 34.88(33.04,36.77) 35.03(32.91,37.22) 34.25(30.79,37.88)
High 46.53(44.60,48.48) 48.37(46.14,50.61) 38.99(35.34,42.76)
Not recorded 11.37(10.23,12.61) 9.33(8.10,10.71) 19.76(17.08,22.74)
BMI (%) < 0.001
< 25 kg/m2 28.98(27.27,30.76) 30.43(28.43,32.51) 23.02(20.12,26.2)
25–30 kg/m2 40.75(38.85,42.67) 41.20(39.01,43.43) 38.87(35.3,42.56)
≥ 30 kg/m2 28.81(27.06,30.62) 27.51(25.53,29.58) 34.16(30.59,37.92)
Not recorded 1.46(1.12,1.91) 0.86(0.55,1.34) 3.96(2.91,5.35)
Physical activity (%) < 0.001
Low 22.32(20.74,23.98) 20.27(18.52,22.15) 30.71(27.34,34.30)
Moderate 46.38(44.45,48.32) 45.32(43.11,47.56) 50.74(46.99,54.48)
High 31.24(29.45,33.10) 34.37(32.27,36.54) 18.38(15.55,21.58)
Not recorded 0.06(0.02,0.15) 0.03(0.01,0.12) 0.17(0.05,0.61)
Hypertension (%) < 0.001
No 69.25(67.50,70.96) 76.35(74.42,78.17) 40.1(36.39,43.93)
Yes 30.75(29.04,32.50) 23.65(21.83,25.58) 59.9(56.07,63.61)
Not recorded
Diabetes (%) < 0.001
No 88.87(87.67,89.97) 93.08(91.92,94.08) 71.58(67.98,74.92)
Yes 10.53(9.46,11.71) 6.36(5.40,7.47) 27.67(24.34,31.26)
Not recorded 0.60(0.37,0.96) 0.56(0.31,1.01) 0.75(0.38,1.48)
Hypercholesterolemia (%) 0.013

Table 1  General characteristics of participants (N = 3807) stratified by ED or no ED in the NHANES 2001–2004.a
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P = 0.003; OR = 0.90, 95% CI: 0.82–0.98, P = 0.011). In 
populations with higher education levels, CDAI is nega-
tively correlated with ED (OR = 0.94, 95% CI: 0.89–0.99, 
P = 0.015). Among those without hypertension (OR = 0.92, 
95% CI: 0.87–0.97, P = 0.001), hyperlipidemia (OR = 0.96, 
95% CI: 0.93-1.00, P = 0.03), and cardiovascular dis-
ease (OR = 0.93, 95% CI: 0.90–0.97, P = 0.001), CDAI 
is negatively correlated with ED. In both non-diabetic 
(OR = 0.95, 95% CI: 0.92–0.99, P = 0.013) and diabetic 
populations (OR = 0.90, 95% CI: 0.83–0.97, P = 0.008), 
CDAI is negatively correlated with ED, with the protec-
tive effect of CDAI being more significant in the diabetic 
population.

PSM analysis
After PSM, a total of 1808 participants were included, 
with 904 in the ED group and 904 in the non-ED group. 
Descriptive statistics were performed on the matched 
population, as shown in Table S1. PSM adjusted for 
several key confounding variables, making the differ-
ences in confounding variables between the ED and 
non-ED groups more significant. Logistic weighted 
regression analysis was conducted on the included pop-
ulation in the second set of models, and the results are 
shown in Table  3. When CDAI is treated as a continu-
ous variable, in all three models, CDAI still shows a sig-
nificant negative correlation with ED (OR = 0.93, 95% 
CI: 0.90–0.97, P < 0.001; OR = 0.93, 95% CI: 0.90–0.97, 
P < 0.001; OR = 0.95, 95% CI: 0.90–0.98, P = 0.003). When 
CDAI is transformed into a categorical variable, in 

Table 2  The weighted multivariable logistic regression analysis of the relationship between the composite dietary antioxidant index 
and erectile dysfunction

ED(n = 1109) Model 1 Model 2 Model 3
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Continuous 1109 0.92(0.89,0.95) < 0.001 0.93(0.90,0.96) < 0.001 0.95(0.91,0.98) 0.002
Quartiles of CDAI
Q1 340 Reference Reference Reference
Q2 315 0.93(0.73,1.18) 0.545 0.88(0.68,1.14) 0.334 0.99(0.74,1.35) 0.980
Q3 258 0.64(0.50,0.82) < 0.001 0.64(0.49,0.83) 0.001 0.72(0.53,0.97) 0.033
Q4 196 0.52(0.40,0.68) < 0.001 0.55(0.42,0.72) < 0.001 0.66(0.48,0.90) 0.010
P for trend < 0.001 < 0.001 < 0.001
Abbreviations CDAI: Composite dietary antioxidant index. Model 1: No covariates were adjusted. Model 2: Age and race were adjusted. Model 3: Based on Model 
2, educational level, marital status, socioeconomic status, smoking status, alcohol intake, BMI, physical activity, hypertension, diabetes, hypercholesterolemia, 
cardiovascular disease, prostate disease, health status, dietary supplements covariates are added

Characteristic Total
(n = 3807)

No ED
(n = 2698)

ED
(n = 1109)

P-value

No 81.32(79.74,82.81) 80.80(78.95,82.52) 83.48(80.45,86.12)
Yes 15.98(14.57,17.50) 16.56(14.93,18.33) 13.60(11.13,16.51)
Not recorded 2.69(2.17,3.33) 2.64(2.04,3.39) 2.92(2.01,4.24)
Cardiovascular disease (%) < 0.001
No 90.39(89.35,91.33) 94.91(93.95,95.73) 71.79(68.47,74.89)
Yes 9.31(8.38,10.33) 4.93(4.13,5.88) 27.30(24.24,30.59)
Not recorded 0.30(0.17,0.56) 0.16(0.06,0.44) 0.91(0.44,1.89)
Prostate disease (%) < 0.001
No 88.83(87.67,89.89) 93.1(91.89,94.13) 71.31(68.04,74.37)
Yes 11.01(9.96,12.16) 6.76(5.74,7.95) 28.47(25.41,31.73)
Not recorded 0.16(0.06,0.42) 0.14(0.04,0.52) 0.23(0.09,0.58)
Health status (%) < 0.001
Good, very good, excellent 85.46(84.14,86.68) 89.05(87.66,90.29) 70.71(67.24,73.95)
Fair or poor 14.47(13.24,15.78) 10.86(9.62,12.24) 29.29(26.05,32.76)
Not recorded 0.08(0.02,0.36) 0.09(0.02,0.45) 0
Dietary supplements (%) < 0.001
No 52.28 (50.33, 54.22) 54.73 (52.48, 56.95) 42.21 (38.56, 45.95)
Yes 47.68(45.74, 49.63) 45.22 (43.00, 47.47) 57.79 (54.05, 61.44)
CDAI, mean (SE) 0.25 ± 0.07 0.42 ± 0.08 -0.45 ± 0.12 < 0.001
aCategorical variables are presented as weighted percentages with 95% confidence intervals, and continuous variables are reported as weighted means with 
standard errors

Table 1  (continued) 
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Table 3  Weighted multivariable logistic regression analysis of the relationship between the composite dietary antioxidant index and 
erectile dysfunction after propensity score matching (PSM)

ED(n = 904) Model 1 Model 2 Model 3
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Continuous 904 0.93(0.90,0.97) < 0.001 0.93(0.90,0.97) < 0.001 0.95(0.90,0.98) 0.003
Quartiles of CDAI
Q1 274 Reference Reference Reference
Q2 267 1.06(0.77,1.45) 0.738 1.04(0.76,1.44) 0.792 1.03(0.71,1.46) 0.900
Q3 210 0.71(0.51,0.98) 0.037 0.70(0.51,0.98) 0.035 0.71(0.48,1.11) 0.065
Q4 153 0.61(0.43,0.85) 0.004 0.60(0.43,0.85) 0.004 0.66(0.45,0.97) 0.031
P for trend < 0.001 < 0.001 < 0.001
Abbreviations CDAI: Composite dietary antioxidant index. Model 1: No covariates were adjusted. Model 2: Age and race were adjusted. Model 3: Based on Model 
2, educational level, marital status, socioeconomic status, smoking status, alcohol intake, BMI, physical activity, hypertension, diabetes, hypercholesterolemia, 
cardiovascular disease, prostate disease, health status, dietary supplements covariates are added

Fig. 2  Subgroup analysis of CDAI and erectile dysfunction. Each group includes adjustment for all covariates except for the grouping factor
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models 1 and 2, CDAI Q3 (OR = 0.71, 95% CI: 0.51–0.98, 
P = 0.037; OR = 0.70, 95% CI: 0.51–0.98, P = 0.035) and Q4 
(OR = 0.61, 95% CI: 0.43–0.85, P = 0.004; OR = 0.60, 95% 
CI: 0.43–0.85, P = 0.004) are still negatively correlated 
with ED, and in model 3, CDAI Q4 (OR = 0.66, 95% CI: 
0.45–0.97, P = 0.031) remains negatively correlated with 
ED.

Discussion
In this study, we systematically investigated the cor-
relation between CDAI and ED, utilizing data from the 
NHANES database covering the period 2001–2004. 
Employing a thoroughly adjusted multivariate logistic 
regression model, which considered an array of con-
founding variables, we identified a substantial and nega-
tive correlation between CDAI and the risk of developing 
ED. After categorizing CDAI into quartiles, participants 
in the Q3 exhibited a 27% reduction in the risk of ED, 
while those in the Q4 experienced a more pronounced 
30% decrease in ED risk. This quartile-based analy-
sis enhances the dose-response nature of the observed 
association, indicating a consistent correlation between 
higher composite dietary antioxidant indices and a low-
ered risk of ED. In subgroup analyses, we explored the 
distribution of the negative correlation between CDAI 
and ED risk across different subgroups. Following PSM 
adjustments, the association between CDAI and reduced 
ED risk remained statistically significant. This reinforces 
the robustness of our study findings, suggesting that the 
observed relationship is less likely to be influenced by 
confounding factors.

Previous studies have already identified the poten-
tial correlation between CDAI and certain diseases. 
Wang et al.‘s research discovered a positive correlation 
between CDAI and the decreased incidence of chronic 
kidney disease (CKD) [27]. A prospective cohort study 
with Singaporean Chinese participants also demon-
strated the role of CDAI in lowering the incidence of 
colorectal cancer in the general population [28]. The 
intimate relationship between CDAI and cardiovascu-
lar diseases has been extensively documented in numer-
ous studies [29, 30]. Antioxidant-rich diets are generally 
considered beneficial for health [31, 32], a conclusion 
that aligns with the findings of our study. Animal stud-
ies have demonstrated that long-term administration of 
antioxidants such as resveratrol can reverse ED in mice 
[33], and certain antioxidant extracts can alleviate ED in 
rats [34]. Additionally, some human studies have shown 
that carotenoids and lycopene are associated with a lower 
risk of ED [12, 35]. While these findings align with our 
study, it is important to note that these investigations 
often focus solely on the effects of individual antioxi-
dants in animal models or human studies. The impact of 
single antioxidants may not comprehensively capture the 

overall effects of antioxidant-rich diets on ED, and exces-
sive intake of certain individual antioxidants can even be 
detrimental to health [36]. Some studies suggest that the 
effects of individual antioxidant treatments on ED may 
be limited, whereas treatments involving combinations 
of antioxidant compounds are associated with improve-
ments in ED [37]. Our study addresses this gap by con-
sidering the synergistic effects of multiple antioxidants, 
thereby reducing confounding biases that single antioxi-
dants alone may not adequately explain. This approach 
enhances the reliability of our findings and provides a 
clearer understanding of the impact of antioxidant-rich 
diets on ED.

The onset mechanism of ED is closely associated with 
oxidative stress [38], Research indicates that dimethyl 
fumarate enhances erectile function in rats with cavern-
ous nerve injury by activating the Nrf2/HO-1 signaling 
pathway to suppress oxidative stress [38]. Liraglutide 
improves ED by modulating oxidative stress through the 
inhibition of the RhoA/ROCK pathway [39], while api-
genin prevents ED by ameliorating endothelial dysfunc-
tion and oxidative stress in rats [40]. Previous studies on 
the mechanisms by which antioxidants improve ED have 
primarily focused on reducing oxidative stress, which 
may also be one of the potential mechanisms underlying 
the association between the CDAI and the reduced risk of 
ED. CDAI is a comprehensive score derived from vitamin 
A, C, E, carotenoids, selenium, and zinc. Vitamin A has 
been identified as playing a pivotal role in reproductive 
processes [41, 42]. Research indicates that alpha-lipoic 
acid (ALA) may exert antioxidant effects by regenerating 
vitamin C and vitamin E, thus potentially preventing ED 
induced by diabetes [43]. A community cross-sectional 
study by Fujita et al. observed a correlation between low 
concentrations of blood alpha-carotene and beta-car-
otene and severe ED [44]. In animal experiments, zinc 
has demonstrated the ability to inhibit xanthine oxidase 
(XO) and uric acid (UA)-driven oxidative stress, leading 
to an improvement in ED through the upregulation of 
testosterone via Nrf2-mediated signaling [11]. Neverthe-
less, further investigations are required to delve into the 
potential mechanisms of the mixed interactions among 
these dietary antioxidants in the context of ED.

The present study boasts several strengths. Firstly, 
NHANES employs a sophisticated sampling design, and 
the rich sample size, diversity, and representativeness 
of the data enhance the reliability of the conclusions. 
We included numerous potential covariates and con-
ducted 1:1 PSM, thereby reinforcing the robustness of 
the results. Lastly, our study, compared to the focus on 
individual antioxidants, may better represent the correla-
tion between an antioxidant-rich diet and ED. However, 
it is crucial to acknowledge certain limitations in our 
study, including its cross-sectional design, which hinders 
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the establishment of causal relationships. Secondly, our 
study findings may not be generalizable to other ethnici-
ties, and future research should be designed to explore 
these relationships in different racial groups. Addition-
ally, our study incorporated some questionnaire surveys, 
and when interpreting our results, reliance on self-
reported data and the potential presence of unmeasured 
confounding factors, despite PSM adjustments, should 
be considered. ED may be influenced by sex steroid hor-
mones; however, due to data limitations, we were unable 
to include sex steroid hormones in the analysis.

Conclusions
In our study cohort, there is support for the negative cor-
relation between CDAI and the risk of ED. Future investi-
gations, particularly prospective studies and intervention 
trials, are imperative to elucidate the potential mechanis-
tic role of dietary intervention in mitigating the risk of 
ED.
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