
1

(page number not for citation purpose)

Food & Nutrition Research 2026. © 2026 Hesong Pan et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for any purpose,  
even commercially, provided the original work is properly cited and states its license.� Citation: Food & Nutrition Research 2026, 70: 14300 - http://dx.doi.org/10.29219/fnr.v70.14300

research
food & nutrition

ORIGINAL ARTICLE

Association of estimated glucose disposal rate with erectile 
dysfunction: mediating role of neutrophil-to-lymphocyte ratio

Hesong Pan, Feng Chen* and Lulu Pan*

The Wenzhou Third Clinical Institute Affiliated to Wenzhou Medical University, Wenzhou People’s Hospital, 
Wenzhou city, China

Abstract

Background: Insulin resistance (IR) has been established as an independent risk factor for erectile dysfunction (ED).
Objective: This study aimed to investigate the association between the estimated glucose disposal rate 
(eGDR) – a simple and non-invasive surrogate measure of IR – and the prevalence of ED.
Design: This cross-sectional study analyzed data from the National Health and Nutrition Examination Survey 
(NHANES)
 conducted between 2001 and 2004. The association between ED prevalence and eGDR was assessed using 
receiver operating characteristic analysis, multivariate logistic regression, restricted cubic spline (RCS) regres-
sion, and subgroup analysis. In addition, the mediating role of the neutrophil-to-lymphocyte ratio (NLR) in 
the eGDR–ED relationship was evaluated through mediation analysis.
Results: A total of 3,774 subjects were included, of whom 1,072 (28.4%) had ED. Multivariate logistic regression 
analysis revealed that eGDR was significantly and inversely associated with the risk of ED (odds ratios = 0.85, 
95% confidence intervals [CI]: 0.78, 0.92). Subgroup analyses indicated that this association was more pro-
nounced among individuals with higher educational attainment. RCS regression confirmed a linear inverse rela-
tionship. Furthermore, eGDR demonstrated superior discriminative performance for ED (area under the curve 
[AUC] = 0.705, 95% CI: 0.679, 0.731) compared with traditional IR and obesity indices. Mediation analysis 
showed that NLR mediated 10.3% (95% CI: 2.3%, 25.2%) of the total association between eGDR and ED.
Conclusion: This study provides the first evidence of a significant inverse association between eGDR and ED 
prevalence, with NLR serving as a partial mediator.
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Erectile dysfunction (ED) is defined as the per-
sistent inability to achieve or maintain an erec-
tion sufficient for satisfactory sexual intercourse 

(1). It is a highly prevalent condition, particularly among 
men aged ≥ 40 years (2). Data from the Massachusetts 
Male Aging Study indicate that the overall prevalence 
of  moderate, mild, and complete ED was 52% among 
men aged 40–70 years (3). ED may arise from organic 
or psychogenic factors, and both mechanisms frequently 
coexist in affected individuals (4). Numerous comor-
bidities and risk factors are significantly associated 

with ED, including physical inactivity, obesity, alcohol 
consumption, smoking, dyslipidemia, diabetes mellitus, 
hypogonadism, and hypertension. Furthermore, ED 
has been identified as a potential predictor of  coronary 
heart disease (CHD), cardiovascular disease (CVD), 
and stroke (2, 5, 6). Collectively, ED imposes a substan-
tial health burden on aging men. A substantial body of 
observational evidence has confirmed a significant asso-
ciation between ED and diabetes mellitus, with insulin 
resistance (IR) serving as a key underlying mechanism 
(7). Vascular endothelial dysfunction is pivotal in the 

Popular scientific summary
• � Lower estimated glucose disposal rate (a non-invasive insulin resistance indicator) is significantly 

associated with higher erectile dysfunction prevalence;
• � Linear, more prominent in higher-educated men, outperforms traditional indices;
• � Neutrophil-to-lymphocyte ratio-reflected inflammation mediates 10.3%.
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pathogenesis of  ED (8), and IR represents a primary 
driver of  this process.

The estimated glucose disposal rate (eGDR), derived 
from readily obtainable clinical parameters – including 
waist circumference (WC), glycated hemoglobin A1c 
(HbA1c), and hypertension status – has been proposed 
as a straightforward surrogate marker of  IR in individ-
uals with type 1 diabetes mellitus (T1DM) (9). Previous 
research has extended the application of  eGDR to 
patients with T2DM, acute ischemic stroke, and non-di-
abetic populations, demonstrating significant associa-
tions between eGDR and various outcomes, including 
diabetic complications, CVD, and all-cause mortality 
(10–13). However, the relationship between eGDR and 
ED remains inadequately characterized.

Given the established role of eGDR as an indicator of IR, 
we hypothesized that eGDR is inversely associated with the 
prevalence of ED. To investigate this relationship, we con-
ducted a cross-sectional study using data from the National 
Health and Nutrition Examination Survey (NHANES).

Methods

Research population
The NHANES is a comprehensive, nationally representa-
tive research initiative overseen by the National Center for 
Health Statistics (NCHS) (14), designed to evaluate the 
interrelationships among disease prevention, health pro-
motion, and nutrition. The survey employs a combination 
of structured interviews, physical examinations, and labo-
ratory assessments to collect demographic, dietary, labo-
ratory, and examination data.

This study utilized data from NHANES cycles con-
ducted between 2001 and 2004. Male participants 
meeting the inclusion criteria were initially identified 
(n  =  10,301). Exclusion criteria were applied sequen-
tially: age < 18 years (n = 4,760), missing data on ED 
status (n  =  1,425) or eGDR (n  =  298), and missing 
information on hypertension, diabetes, stroke, or CHD 
(n  =  44). The final analytical cohort comprised 3,774 
subjects (Fig. 1).

Calculation of IR and obesity surrogate markers
The following IR and obesity surrogate markers were 
calculated using simple anthropometric and biochemical 
measurements:

eGDR (mg/kg/min) = �21.158 − (0.09 × WC [cm]) − 
(3.407 × hypertension) − (0.551 × 
HbA1c [%]).

In this study, hypertension was coded as 0 (absent) 
or 1 (present) (15). Although the eGDR formula was 
originally developed for patients with T1DM, its 

application has been subsequently extended to patients 
with T2DM.

METS-IR = �BMI (kg/m²) × Ln[fasting TG (mg/dL) + 
(2 × fasting glucose [mg/dL])] / Ln[HDL-C 
(mg/dL)] (16)

TyG = �Ln[fasting TG (mg/dL) × fasting glucose (mg/dL) 
/ 2] (17)

Waist-to-height ratio (WHtR) = WC / height

Body mass index (BMI) = weight (kg) / height (m)²

Fig. 1.  Flowchart of the sample selection from the 2001 to 
2004 NHANES. eGDR: estimated glucose disposal rate; 
CHD: coronary heart disease.
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Assessment of ED
ED was assessed using a single-item measure derived from 
the Massachusetts Male Aging Study (18). Participants 
were asked: ‘Many men encounter difficulties with sexual 
intercourse. How would you characterize your capacity 
to achieve and maintain an erection adequate for satis-
factory intercourse?’ Response options included: ‘Usually 
able’, ‘Always or almost always able’, ‘Never able’, and 
‘Sometimes able’. For analytical purposes, participants 
who responded ‘Never able’ or ‘Sometimes able’ were 
classified as having ED, whereas those who reported being 
‘Usually able’ or ‘Always or almost always able’ were cate-
gorized as not having ED.

Measurement of covariates
Based on previous studies (15, 16), the final analytical 
model incorporated potential confounding factors asso-
ciated with both eGDR and ED. Demographic vari-
ables included age, race, height, weight, WC, educational 
attainment, physical activity, and poverty-to-income ratio 
(PIR). Questionnaire data encompassed smoking status, 
diabetes mellitus, alcohol consumption, stroke, CHD, and 
hypertension. Laboratory biomarkers included total cho-
lesterol (TC), uric acid, low-density lipoprotein cholesterol 
(LDL-C), neutrophil count, triglycerides (TG), creatinine, 
lymphocyte count, high-density lipoprotein cholesterol 
(HDL-C), and albumin. The neutrophil-to-lymphocyte 
ratio (NLR) was calculated by dividing the absolute neu-
trophil count by the absolute lymphocyte count (19).

Statistical analysis
Subjects were stratified into quartiles based on eGDR val-
ues (Q1: ≤ 6.00; Q2: 6.00–8.69; Q3: 8.69–9.88; Q4: ≥ 9.88). 
Mobile examination center (MEC) weights were used 
to obtain prevalence estimates that were representative 
of the US population. Given the data spanned two sur-
vey cycles from 2001 to 2004, MEC weights × 0.5 were 
applied as the final weights. The association between ED 
and eGDR was evaluated using weighted-multiple logistic 
regression models, with results presented as odds ratios 
(ORs) and 95% confidence intervals (CIs). Three distinct 
models were constructed: Model 1 (unadjusted); Model 2 
(adjusted for race and age); and Model 3 (comprehensively 
adjusted for age, race, alcohol consumption, smoking, 
CHD, stroke, creatinine, PIR, educational level, TG, mar-
ital status, albumin, and uric acid). Multicollinearity was 
assessed using the variance inflation factor (VIF), with a 
VIF ≥ 5 indicating significant multicollinearity. None of 
the covariates exhibited multicollinearity (Table 1).

The potential influence of  covariates on the eGDR–
ED association was further explored through weighted 
subgroup and interaction analyses. The non-linear 
relationship between ED and eGDR was examined 
using weighted restricted cubic spline (RCS) curves. 

The proportion of  the mediating effect attributable to 
NLR was quantified using weighted mediation analy-
sis with the ‘mediation’ R package. Both the mediator 
model and the outcome model simultaneously con-
trolled for the confounding factors included in Model 
3. Using 1,000 non-parametric bootstrap resamples, the 
direct effect (DE), indirect effect (IE), and total effect 
(TE) were estimated, and the mediating proportion was 
calculated as (IE / TE × 100%). Given the observational 
design and cross-sectional assessment of  variables, these 
assumptions cannot be formally tested and should be 
interpreted with caution.

Receiver operating characteristic (ROC) analysis was per-
formed to evaluate the diagnostic performance of eGDR, 
HbA1c, METS-IR (metabolic score for insulin resis-
tance), BMI (body mass index), TyG (triglyceride-glucose 
index), WHtR (waist to height ratio), and WC for ED. The 
DeLong test was used to compare area under the curves 
(AUCs) between markers. Incremental predictive value was 
assessed by comparing a baseline model (age only) with 
an eGDR-augmented model using: 1) C-statistic (DeLong 
test); 2) continuous net reclassification improvement (NRI); 
and 3) integrated discrimination improvement (IDI). In a 
sensitivity analysis, ED was redefined more stringently by 
including only participants who responded ‘Never able’ to 
maintain an erection. All statistical analyses were performed 
using Free Statistics software and R software.

Results

Baseline characteristics
A total of 3,774 subjects, ranging in age from 18 to 85 
years, were included. Of these, 1,072 (28.4%) reported ED. 

Table 1.  Collinearity statistics

Variable VIF

eGDR 1.16

Age 1.42

Race 1.56

PIR 1.44

Marital status 1.43

Educational level 1.78

CHD 1.09

Stroke 1.06

Smoking 1.09

Drinking 1.09

TG 1.06

Creatinine 1.11

Albumin 1.10

Uric acid 1.12

VIF: variance inflation factor; eGDR: estimated glucose disposal rate; PIR: 
poverty-to-income ratio; CHD: coronary heart disease; TG: triglycerides.
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Table 2.  Characteristics of the study population based on erectile dysfunction, weighted

Characteristic Overall n = 52,890,592 
N = 3,774

No ED n = 42,425,981 
N = 2,702

ED n = 10,464,611  
N = 1,072

P

Age 45.45 (16.09) 41.51 (13.60) 61.40 (15.57) < 0.001

Race, n (%) 0.188

  Mexican American 4004342.7 (7.6) 3279360.2 (7.7) 724982.5 (6.9)

  Other Hispanic 2448573.6 (4.6) 1888061.7 (4.5) 560511.9 (5.4)

  Non-Hispanic White 39145467.8 (74.0) 31061742.1 (73.2) 8083725.7 (77.2)

  Non-Hispanic Black 5152273.1 (9.7) 4333347.4 (10.2) 818925.7 (7.8)

  Other race 2139935.5 (4.0) 1863470.1 (4.4) 276465.4 (2.6)

Education level, n (%) < 0.001

  Less than high school 9282408.0 (17.6) 6121751.4 (14.4) 3160656.6 (30.2)

  High school or above 43564149.5 (82.4) 36260194.8 (85.6) 7303954.6 (69.8)

Marital, n (%) < 0.001

  Married/living with partner 36950651.7 (69.9) 28806158.0 (67.9) 8144493.7 (77.8)

  Separated/divorced/widowed 6166316.3 (11.7) 4648846.0 (11.0) 1517470.2 (14.5)

  Never married 9769536.0 (18.5) 8966888.7 (21.1) 802647.3 (7.7)

Alcohol status, n (%) 0.032

  Current or ever, % 44751657.5 (84.6) 36187198.4 (85.3) 8564459.1 (81.8)

  Never 8119423.5 (15.4) 6219271.4 (14.7) 1900152.1 (18.2)

Smoking status, n (%) < 0.001

  Current or ever, % 30252165.9 (57.2) 23201132.8 (54.7) 7051033.1 (67.4)

  Never 22632695.7 (42.8) 19221389.3 (45.3) 3411306.4 (32.6)

Hypertension, n (%) < 0.001

  No 39024014.4 (73.8) 33678994.5 (79.4) 5345019.9 (51.1)

 Yes 13866578.3 (26.2) 8746986.9 (20.6) 5119591.3 (48.9)

Diabetes, n (%) < 0.001

  No 48340647.6 (91.4) 40378144.8 (95.2) 7962502.8 (76.1)

 Yes 3953836.1 (7.5) 1600076.5 (3.8) 2353759.6 (22.5)

CHD, n (%) < 0.001

  No 50169774.2 (94.9) 41296880.7 (97.3) 8872893.6 (84.8)

 Yes 2720818.4 (5.1) 1129100.8 (2.7) 1591717.6 (15.2)

Stroke, n (%) < 0.001

  No 51862048.7 (98.1) 42152025.1 (99.4) 9710023.6 (92.8)

 Yes 1028543.9 (1.9) 273956.3 (0.6) 754587.6 (7.2)

Body mass index, kg/m2 27.97 (5.33) 27.81 (5.26) 28.64 (5.58) 0.025

Waist circumference, cm 99.96 (14.59) 98.88 (14.33) 104.38 (14.78) < 0.001

HbA1c, % 5.52 (0.90) 5.42 (0.75) 5.94 (1.24) < 0.001

Albumin, g/dL 43.74 (2.91) 44.05 (2.83) 42.46 (2.90) < 0.001

Total cholesterol, mmol/L 5.12 (4.45, 5.79) 5.15 (4.47, 5.84) 5.02 (4.40, 5.61) 0.053

Triglycerides, mmol/L 1.43 (0.99, 2.18) 1.39 (0.97, 2.09) 1.60 (1.12, 2.51) < 0.001

HDL-cholesterol, mmol/L 1.16 (1.00, 1.40) 1.16 (0.98, 1.40) 1.19 (1.01, 1.41) 0.229

LDL-cholesterol, mmol/L 3.05 (2.46, 3.67) 3.08 (2.50, 3.70) 2.90 (2.31, 3.36) < 0.001

Creatinine, umol/L 88.40 (79.56, 97.24) 88.40 (79.56, 97.24) 88.40 (79.56, 106.08) 0.024

Uric acid, umol/L 356.90 (309.30, 410.40) 356.90 (309.30, 410.40) 356.90 (309.30, 416.40) 0.535

PIR 3.25 (1.57) 3.32 (1.57) 2.98 (1.53) < 0.001

NLR 2.25 (0.84) 2.18 (0.75) 2.51 (1.09) < 0.001

eGDR 8.23 (2.39) 8.57 (2.20) 6.82 (2.62) < 0.001

For continuous variables: survey-weighted mean (SD) or median (IQR). For categorical variables: survey-weighted n (%). HDL-c: High density lipoprotein 
cholesterol; LDL-c: Low density lipoprotein cholesterol; PIR: poverty-income ratio; eGDR: estimated glucose disposal rate; CHD: coronary heart disease; 
NLR: neutrophil-to-lymphocyte ratio; HbA1c: hemoglobin A1c.
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Subjects with ED had significantly lower eGDR values 
than those without ED. Men with ED were more likely to 
be older, have lower educational attainment, be married 
or living with a partner, have a lower PIR, and exhibit 
higher BMI, WC, HbA1c, TG, and NLR. They also were 
more frequently former smokers, and had higher preva-
lences of diabetes, stroke, hypertension, and CHD (all P 
< 0.05). Comprehensive demographic and clinical charac-
teristics are presented in Table 2.

Association between eGDR and ED
To investigate the association between eGDR and ED, 
three multivariate weighted logistic regression models 
were constructed (Table 3). Model 1 (unadjusted) identi-
fied a statistically significant inverse association between 
eGDR and ED. This inverse association persisted after 
comprehensive adjustment for all covariates in Model 3 
(OR = 0.85, 95% CI: 0.78, 0.92). In the sensitivity analy-
sis with eGDR categorized into quartiles, participants in 
the fourth quartiles demonstrated statistically significant 
58% reductions in ED risk, compared with those in the 
lowest quartile (Model 3). RCS analysis illustrated a lin-
ear inverse association between eGDR and ED prevalence 
(Fig. 2). 

Subgroup analysis
The robustness of the eGDR–ED association was 
assessed through extensive interaction tests and subgroup 
analyses to identify potential effect modification across 
diverse subpopulations (Fig. 3). The results demonstrated 
a consistent significant association between eGDR and 
ED across most subgroups. Notably, this association was 
more pronounced among individuals with higher educa-
tional attainment.

Mediating role of NLR
Mediation analysis confirmed the mediating role of NLR 
in the eGDR–ED association. The results indicated that 

10.3% (95% CI: 2.3–25.2%) of the observed association 
between eGDR and ED risk was mediated through NLR 
(Fig. 4; Table 4).

Predictive value of eGDR for ED
The ROC curve analysis (Fig. 5) evaluated the diagnostic 
performance of eGDR, HbA1c, METS-IR, BMI, TyG, 
WHtR, and WC for ED. As shown in Table 5, eGDR 
exhibited the highest discrimination for ED, with an AUC 
of 0.705 (95% CI: 0.679–0.731), significantly outperform-
ing other IR and obesity surrogate markers (P < 0.001).

Table 3.  Weighted-multivariable logistic regression for the association between eGDR and ED

Subgroups Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

eGDR 0.74 (0.70, 0.78) < 0.001 0.86 (0.81, 0.91) < 0.001 0.85 (0.78, 0.92) 0.003

eGDR (category)

  Q1 1(Ref) 1(Ref) 1(Ref)

  Q2 0.47 (0.35, 0.64) < 0.001 0.61 (0.43, 0.84) < 0.001 0.72 (0.41, 1.28) 0.202

  Q3 0.29 (0.20, 0.40) < 0.001 0.38 (0.28, 0.51) < 0.001 0.45 (0.25, 0.79) 0.015

  Q4 0.12 (0.08, 0.18) < 0.001 0.56 (0.35, 0.88) 0.016 0.42 (0.18, 0.96) 0.043

P for trend < 0.001 < 0.001 0.001

Model 1: None covariates were adjusted; Model 2: race and age were adjusted; Model 3, age, race, drinking, smoking, CHD, stroke, creatinine, 
PIR, education level, TG, marital status, albumin, and uric acid were adjusted. eGDR: estimated glucose disposal rate; ED: erectile dysfunction; 
PIR: poverty-income ratio; CHD: coronary heart disease; TG: triglycerides; OR: odds ratios; CI: confidence intervals.

Fig. 2.  Restricted cubic spline fitting for the association 
between eGDR levels and ED. Adjusted for age, race, drink-
ing, smoking, CHD, stroke, creatinine, PIR, education level, 
TG, marital status, albumin, and uric acid. eGDR: estimated 
glucose disposal rate; ED: erectile dysfunction; CI: confi-
dence intervals; OR: odds ratios; PIR: poverty-income ratio; 
CHD: coronary heart disease; TG: triglycerides.
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Incremental predictive Value
Incorporation of eGDR into the age-only model 
significantly improved discrimination: the C-statistic 
increased from 0.846 to 0.853 (DeLong test, P < 0.001). 

The categorical NRI for the combined eGDR–age model 
was 3.0% (P = 0.016), and the IDI was 1.7% (P < 0.001), 
demonstrating superior performance compared with the 
age-only model (Table 6 and Fig. 6).

Fig. 3.  Association between eGDR and the risk of ED in various subgroups. eGDR: estimated glucose disposal rate; ED: erectile 
dysfunction; CI: confidence intervals; OR: odds ratios; BMI: body mass index.

Fig. 4.  The mediating effect of NLR on the relationship between eGDR and ED. eGDR: estimated glucose disposal rate; ED: 
erectile dysfunction; CI: confidence intervals; NLR: neutrophil-to-lymphocyte ratio.
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Sensitivity analysis
To minimize potential confounding and enhance the pre-
cision of our findings, we performed an additional sen-
sitivity analysis with a more stringent definition of ED, 
including only participants who reported being ‘Never 
able’ to sustain an erection (Table 7). This analysis 
included 437 ED patients and 3,337 non-ED patients. The 
association between eGDR and ED remained statistically 
significant (OR = 0.86, 95% CI: 0.75–0.99).

Discussion
In this cross-sectional study of a nationally representative 
sample of 3,774 participants, we identified a significant 
inverse association between eGDR and ED, which was 

particularly pronounced among individuals with higher 
educational attainment. Mediation analysis further indi-
cated that NLR partially mediated the eGDR–ED asso-
ciation. Moreover, among the assessed surrogate indices 
for IR and obesity – including eGDR, HbA1c, METS-IR, 
TyG, BMI, WC, and WHtR – eGDR demonstrated the 
highest AUC for predicting ED risk.

Numerous studies have demonstrated an association 
between IR and the development of ED. A cross-sectional 
study reported that patients with IR are at significantly 
increased risk of ED, even after adjustment for confound-
ing variables (20). The hyperinsulinemic–euglycemic 
clamp (HIEC) is widely regarded as the gold standard 
for assessing IR (21). However, this method requires fre-
quent arterial blood glucose measurements, which limits 
its practical applicability (22, 23). Consequently, there is a 
need for more straightforward and feasible approaches to 
assess IR in clinical and epidemiological settings.

The eGDR, incorporating readily accessible clinical 
parameters such as WC, HbA1c, and hypertension sta-
tus, has been proposed as a simple surrogate marker of 
IR in individuals with T1DM (9). Prior research has indi-
cated that this alternative method exhibits a high degree 
of accuracy when compared with gold standard measures 
(9, 24). eGDR has been identified as an independent pre-
dictor of coronary artery disease (25), depression (15), 
all-cause mortality (26), and peripheral vascular disease 
(27) in patients with T1DM (28–31). Recent studies have 
extended the investigation of eGDR’s applicability to 
non-diabetic patients (32), patients with T2DM (24, 33), 
and those with acute ischemic stroke (24, 34). Given the 
shared risk factors between ED and CVD (35), it is plausi-
ble to hypothesize an association between eGDR and ED. 
To our knowledge, this study is the first to investigate this 
association. Furthermore, the significantly greater AUC 
for eGDR compared with other IR and obesity surrogate 
markers indicates its potential clinical utility.

Subgroup analysis revealed that the eGDR–ED asso-
ciation was significantly more pronounced in individuals 
with higher educational attainment (P for interaction 
< 0.001). Previous research has indicated that individ-
uals with sedentary lifestyles and lower educational 
attainment are more prone to ED (36, 37). Lower edu-
cational level is recognized as a risk factor for ED and 
may exert a greater influence on ED risk than IR within 
this population. Consequently, the impact of  IR on 

Table 4.  Mediation analysis of NLR in the association between eGDR and erectile dysfunction, weighted

Independent 
variable

Mediator Total effect Indirect effect Direct effect Proportion 
mediated, %

Coefficient (95% CI) P Coefficient (95% CI) P Coefficient (95% CI) P

eGDR NLR -0.171 (-0.240, -0.100) < 0.001 -0.018 (-0.036, -0.004) 0.030 -0.150 (-0.222, -0.079) < 0.001 10.3

eGDR: estimated glucose disposal rate; NLR: neutrophil-to-lymphocyte ratio; CI: confidence intervals.

Fig. 5.  ROC analysis of eGDR, HbA1c, METS-IR, BMI, 
TyG, WHtR, and WC to ED among American adults. 
eGDR: estimated glucose disposal rate; HbA1c: hemoglobin 
A1c; METS-IR: metabolic score for insulin resistance; TyG: 
triglyceride-glucose index; BMI: body mass index; WC: waist 
circumference; WHtR: waist to height ratio; ED: erectile dys-
function; ROC: receiver operating characteristic.
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ED prevalence may be relatively attenuated in individ-
uals with lower educational levels. Conversely, in more 
educated populations, who are generally considered 
healthier and have fewer other potential risk factors, the 
association between IR and ED is anticipated to be more 
pronounced. However, educational level is highly cor-
related with age, which is a well-established independent 
risk factor for both ED and IR. Therefore, it remains 

uncertain whether the observed discrepancy stems from 
the independent effect of  education per se, the con-
founding influence of  age, or unmeasured health-related 
behaviors.

Our findings indicate that NLR partially mediates 
the association between IR, as measured by eGDR, and 
ED, highlighting the importance of monitoring NLR 
levels in patients with low eGDR. Previous studies have 
established a significant association between ED and 
chronic inflammation (38, 39). Consequently, modulating 
NLR – particularly through reducing neutrophil count 
and increasing lymphocyte count – may decrease the risk 
of ED in individuals with low eGDR. These findings 
enhance our understanding of the complex interrelation-
ships among IR, inflammation, and ED. The cross-sec-
tional nature of biomarker assessment, in which exposure 
and mediating factors were measured concurrently, and 
the observational design preclude the establishment of 
temporal or causal sequences. Therefore, the above inter-
pretation should be regarded as a biologically plausible 
hypothesis rather than a definitive mechanistic inference.

Two recent studies have utilized the same NHANES 
2001–2004 dataset to investigate correlates of  ED. Liu 
et al. reported that NLR was positively associated with 
ED (OR = 1.35, 95% CI: 1.09–1.68) among 3,610 par-
ticipants, with monocyte-to-lymphocyte ratio (MLR) 
demonstrating the highest discriminative accuracy 
(AUC  =  0.616) among inflammatory markers (39). Li 
et al. identified a positive association between the TyG 
index and ED prevalence in males aged 20–70 years (7). 
Our study extends these findings in several important 
respects. Firstly, whereas Liu et al. treated NLR as the 

Table 5.  The AUC for each index to discriminate erectile dysfunction

Variable AUC 95% CI Cutoff value Sensitivity Specificity Delong P-value

eGDR 0.705 0.679–0.731 8.48 0.689 0.627 Reference

HbA1c 0.686 0.667–0.706 5.55 0.559 0.728 < 0.001

METS-IR 0.550 0.521–0.579 45.26 0.451 0.646 < 0.001

TyG 0.600 0.572–0.629 8.92 0.518 0.632 < 0.001

BMI 0.521 0.501–0.542 31.78 0.226 0.821 < 0.001

WC 0.610 0.590–0.630 100.0 0.605 0.572 < 0.001

WHtR 0.641 0.622–0.661 0.576 0.601 0.606 < 0.001

eGDR: estimated glucose disposal rate; HbA1c: hemoglobin A1c; METS-IR: metabolic score for insulin resistance; TyG: triglyceride-glucose index; BMI: 
body mass index; WC: waist circumference; WHtR: waist to height ratio; CI: confidence intervals; AUC: area under the curve.

Fig. 6.  ROC curve analysis for age and eGDR combined age 
to identify ED. eGDR: estimated glucose disposal rate; ED: 
erectile dysfunction; ROC: receiver operating characteristic.

Table 6.  Incremental predictive value of eGDR for ED

Variable c-statistic P NRI (95% CI) P IDI (95% CI) P

Age 0.846 (0.831, 0.860) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

+eGDR 0.853 (0.839, 0.867) < 0.001 0.030 (0.006, 0.055) 0.016 0.017 (0.011, 0.022) < 0.001

NRI: net reclassification improvement; IDI: integrated discrimination improvement; eGDR: estimated glucose disposal rate; ED: erectile dysfunction; CI: 
confidence intervals.
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primary exposure, our study positions NLR as a medi-
ator in the eGDR–ED pathway, quantifying its mediat-
ing proportion at 10.3%. This reframes NLR not merely 
as an independent predictor but as a partial biological 
intermediary linking IR to ED. Secondly, the eGDR 
exhibited markedly superior discriminative performance 
(AUC  =  0.705) compared with both the inflammatory 
markers evaluated by Liu et al. (AUC = 0.616 for MLR) 
and the TyG index examined by Li et al., suggesting 
that eGDR may be a more clinically useful screening 
tool. These distinctions underscore that while chronic 
inflammation (as reflected by NLR) and lipid–glucose 
metabolism (as reflected by TyG) are both relevant to 
ED pathophysiology, eGDR – by integrating WC, glyce-
mic control, and hypertension status – captures a more 
comprehensive metabolic profile with greater predictive 
value.

Several mechanisms may underlie the association 
between ED and IR. IR is known to enhance the pro-
duction of  inflammatory cytokines and oxidative stress 
in endothelial cells (40), resulting in significant depletion 
of  NO in tissues exposed to free radicals. The reduc-
tion in NO availability subsequently impairs endothelial 
function (41, 42). Furthermore, endothelin-B receptors 
have been implicated in elevated reactive oxygen species 
levels, endothelial dysfunction, and increased vasocon-
striction within erectile tissues. Notably, IR has been 
shown to upregulate endothelin-B receptor expression 
in the vasculature of  obese rats with IR (43). This alter-
ation in endothelial function exacerbates the decline in 
insulin metabolism, creating a negative feedback loop 
(21). IR is indicative of  pre-diabetes, and its progression 
toward diabetes parallels the progression of  endothe-
lial dysfunction into atherosclerosis (44). Moreover, IR 
is associated with elevated basal serum insulin levels, 
which subsequently activate the sympathetic nervous 
system and increase atherosclerotic risk factors, col-
lectively contributing to ED (45, 46). IR also elevates 

endothelin-1 levels – a potent vasoconstrictor affecting 
both arterial and venous systems – within penile cavern-
ous tissues (47). Under conditions of  IR, Leydig cells 
in the testes produce reduced amounts of  testosterone, 
thereby contributing to ED (48).

This study has several notable strengths. It provides 
the first investigation of  the association between eGDR 
and ED, while also evaluating its predictive performance 
for ED relative to various obesity and IR indicators. In 
addition, we meticulously adjusted for potential con-
founding variables in the multivariate logistic regression 
analyses. However, several limitations should be acknowl-
edged. The cross-sectional design inherently precludes 
causal inference regarding the eGDR–ED association. 
Moreover, ED was assessed using a self-report ques-
tionnaire; although previous studies have confirmed its 
validity, the severity of  ED was not quantified. Erectile 
function was not assessed using the International Index 
of  Erectile Function-5, which may have introduced sam-
ple selection bias. Furthermore, because this study was 
conducted exclusively in a US sample, additional inves-
tigations are needed to determine the generalizability 
of  these findings to populations in diverse geographical 
regions. Finally, the relatively low prevalence of  ED may 
have resulted in diminished statistical power for certain 
subgroup analyses.

Conclusion
This study revealed a significant inverse association 
between eGDR and ED. Moreover, eGDR demonstrated 
superior discrimination for ED compared with other sur-
rogate markers of obesity and IR.
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