:' frontiers ‘ Frontiers in Endocrinology

@ Check for updates

OPEN ACCESS

Carmine Izzo,
University of Salerno, Italy

Biagio Barone,

Azienda Ospedaliera di Caserta, Italy
Francesco Di Giacomo Barbagallo,
University of Catania, Italy

Xuejie Zheng
3236253642@qg.com

These authors have contributed equally to
this work

21 May 2024
15 July 2024
26 July 2024

Wu X, Zhang Y and Zheng X (2024)
Association between ankle-brachial blood
pressure index and erectile dysfunction in US
adults: a large population-based cross-
sectional study.

Front. Endocrinol. 15:1436043.

doi: 10.3389/fendo.2024.1436043

© 2024 Wu, Zhang and Zheng. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Endocrinology

Original Research
26 July 2024
10.3389/fendo.2024.1436043

Association between ankle-
brachial blood pressure index
and erectile dysfunction in US
adults: a large population-based
cross-sectional study

Xu Wu™, Yuyang Zhang'' and Xuejie Zheng®*!

Department of Urology, First Affiliated Hospital of Anhui Medical University, Hefei, Anhui, China,
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Background: Erectile dysfunction (ED) is a very common condition among adult
men and its prevalence increases with age. The ankle-brachial blood pressure
index (ABPI) is a noninvasive tool used to assess peripheral vascular disease (PAD)
and vascular stiffness. However, the association between ABPI and ED is unclear.
We aimed to explore the association between ABPI and ED in the US population.

Methods: Our study used data from two separate National Health and Nutrition
Examination Survey (NHANES) datasets (2001-2002 and 2003-2004). Survey-
weighted logistic regression models were used to explore the association
between ABPI as a continuous variable and quartiles with ED. We further
assessed the association between ABPI and ED using restricted cubic
regression while selecting ABPI thresholds using two-piecewise Cox regression
models. In addition, we performed subgroup analyses stratified by BMI, race,
marital status, diabetes, and hypertension.

Main outcome measure: ABP| was calculated by dividing the mean systolic blood
pressure at the ankle by the mean systolic blood pressure at the arm.

Results: Finally, 2089 participants were enrolled in this study, including 750
(35.90%) ED patients and 1339 (64.10%) participants without ED. After adjusting
for all confounding covariates, logistic regression analyses showed a significant
association between ABPI and ED (OR=0.19; 95% CI, 0.06-0.56, P=0.01); with
ABPI as a categorical variable, compared with the lowest quartile, the OR and 95%
Cl for the second quartile were 0.58 (0.34-0.97; P = 0.04).Besides, splines
indicated that there was an L-shaped relationship between ABPI levels and the
risk of ED. Piecewise Cox regression demonstrated the inflection point at 1.14,
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below which the OR for ED was 0.06 (0.02-0.20; P < 0.001), and above which the
OR was 2.79 (0.17-4.53; P = 0.469).

Conclusion: In our study, lower ABPI was independently associated with ED risk.
In addition, the lowest ABPI level associated with ED risk was 1.14, below this
level, lower ABPI was associated with higher ED risk.

KEYWORDS

ankle-brachial blood pressure index, erectile dysfunction, peripheral vascular disease,
national health and nutrition examination survey, logistic regression

Introduction

Erectile dysfunction (ED) is defined as the inability to attain or
maintain a penile erection sufficient for successful vaginal
intercourse (1). As a common condition, ED is prevalent in men
over 40 years of age (2), and about half of men over 40 years of age
are likely to have ED (3). The prevalence of ED increases gradually
with age and will reach 50%-100% in men older than 70 years (4). In
addition, the global prevalence of ED is estimated to reach 322
million by the year 2025 (5, 6). ED is a multifactorial disorder that
can be divided into three specific categories, namely psychogenic,
organic, and a mixture of both (2).

The close association between ED and cardiovascular disease
(CVD) is well known (7). A number of studies have confirmed the
existence of shared risk factors for ED and CVD, such as obesity,
diabetes, metabolic syndrome, dyslipidemia, smoking, and
sedentary lifestyle (8-10). It is widely accepted that ED is an early
manifestation of CVD (11-13).

The ankle-brachial blood pressure index (ABPI) is a noninvasive
tool used to assess peripheral vascular disease (PAD) and vascular
stiffness (14), obtained by comparing the highest systolic blood
pressure in the tibial artery with that in the brachial artery. An
ABPI of < 0.9 is diagnostic of PAD (15), whereas an ABPI of > 1.3isa
reliable marker of arterial stiffness (16). First, patients with PAD are
at higher risk for coronary heart disease and stroke (17), and are
predictors of future cardiovascular events and mortality (18, 19).
Second, arterial stiffness refers to the accumulation of plaque within
the arteries, resulting in narrowing and hardening of the arteries (20),
affecting multiple organs, including the brain, heart, kidneys, and
lower limbs (21). Given the relationship between ED and CVD, there
may be an association between ABPI and ED. In 2009, a study
reported that ED was associated with PAD determined by screening
ABPI testing (22). To date, no studies have explored the relationship
between the overall range of ABPI and ED. However, a recent study
found that the cardio-ankle vascular index of patients with ED was
higher than that of healthy individuals, with no significant difference
in ABPI between the two groups (23).

Is there really a correlation between ABPI and ED? Here, we
conducted this study to further explore the specific association
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between the overall range of ABPI and ED through nationally
representative data from the 2001-2004 National Health and
Nutrition Examination Survey (NHANES) to provide more
valuable evidence.

Methods
Participants

The National Health and Nutrition Examination Survey
(NHANES) is a cross-sectional, stratified, multi-stage probability
subgroup survey performed annually by the Centers for Disease
Control and Prevention (CDC) that yields representative data (24).
NHANES is used to obtain health and diet information of
unstructured populations in the U.S (25). Additional details about
the database have been previously reported (26). The participants in
our study were collected using the NHANES database. The
NHANES database is approved by the National Center for Health
Statistics (NCHS) Research Ethics Review Committee, and all
NHANES procedures are performed in compliance with the U.S.
Department of Health and Human Services (HHS) Human
Research Subjects Protection Policy. All participants provided
written informed consent prior to the start of the study.

Our study used data from two separate NHANES datasets (2001-
2002 and 2003-2004) because data on ED questionnaire information
was only available for these years. During these two cycles, NHANES
employed rigorous and standardized data collection methods to ensure
consistency and reliability across different survey cycles. Therefore, the
methods for measuring ABPI and the questionnaires for assessing ED
were standardized, ensuring consistency between the cycles. From
2001 to 2004, a total of 4116 males had self-reported ED information
in the NHANES database. Exclusion criteria were as follows: 1.
unknown ABPI information (n=1854); 2. unknown educational
status (n=2); 3. unknown family income information (n=124); 4.
unknown body mass index (BMI) (n=23); 5. unknown marital
information (n=2); 6. unknown smoking and alcohol use (n=3); 7.
unknown hypertension, diabetes mellitus and CVD status (n=19). The
specific process of participant selection is shown in Figure 1.
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Participants extracted from
NHANES 2001-2004
(N=21161)
Excluded:
»| Female Participants (n=10860)
+ Unknown ED information (n=6185)
Included participants
(n=4116) Excluded:
Unknown ABPI information (n=1854)
Unknown educational status (n=2)
Unknown family income status (n=124)
v Unknown body mass index (BMI) (n=23)
Included participants Unknown marital status (n=2)
(N=2111)
Excluded:
» Unknown smoking and alcohol use (n=3)
Unknown hypertension, diabetes mellitus and
CVD status (n=19)
v
Included participants for analysis
(n=2089)
FIGURE 1

Flow chart of the study population identification from NHANES 2001 -2004.

Assessment of ED

Erectile function was assessed by the following questions from
the Massachusetts Male Aging Study (MMAS) (27): “How would
you characterize your ability to develop and maintain an erection
adequate for satisfying sexual intercourse? “ For this question, the
following options are available: “never have the ability to maintain

» «

an erection,” “sometimes able to develop and maintain an erection,”
“usually able to develop and maintain an erection,” “almost often or
almost always able to develop and maintain an erection.” In this
study, the responses “usually” and “almost often or almost always”
were defined as normal erectile function, while the other two
responses were defined as ED (28, 29). Moreover, the validity of

the self-reported diagnostic approach to ED has been validated (30).

Ankle-brachial blood pressure index

Blood pressure measurements were taken by trained health
technicians at the mobile medical examination centers. Systolic
blood pressure was measured in both arms (brachial artery) and
both ankles (posterior tibial artery) of supine subjects using an
automated instrument. systolic blood pressure was measured twice
at each site in participants aged 40-59 years, and once at each site in
participants aged 60 years or older. the ABPI was calculated by
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dividing the mean systolic blood pressure in the ankles by the mean
systolic blood pressure in the arms (Parks Mini-Laboratory IV,
Model 3100). ABPI was calculated by dividing the mean systolic
blood pressure at the ankle by the mean systolic blood pressure at
the arm (Parks Mini-Laboratory IV, Model 3100).

Covariates

Confounding factors include basic characteristics: age (years),
BM]I, race, educational level, marital status (married or living with
partner, living alone), poverty to income ratio (PIR, classified as <1.5,
1.5-3.5, and >3.5) (31). Alcohol use was categorized as (1) never
alcohol use (<12 lifetime drinks); (2) former alcohol use (>12 drinks
in 1 year and no drinks in the last year, or no drinks in the last year
but >12 lifetime drinks); (3) mild alcohol use (<2 drinks per day); (4)
moderate alcohol use (=2 drinks per day); (5) heavy alcohol use (>3
drinks per day). The definition of smoking is when an individual
smokes more than 100 cigarettes in their lifetime.

History of CVD was defined as previous coronary artery disease,
angina pectoris, or heart attack; diabetes was defined as self-reported
prior diagnosis of diabetes or fasting plasma glucose 2126 mg/dL; and
hypertension included systolic blood pressure >140 or diastolic blood
pressure =90, or being on antihypertensive medication, or having
been diagnosed with hypertension.
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Statistical methods

We performed statistical analyses using survey-weighted
techniques to account for the complex sampling design of the
NHANES datasets (2001-2002 and 2003-2004). By dividing the 2-
year weights for each cycle by 2, we derive the new sample weights
for the combined survey cycle. We used the mean + standard error
(X + SE) to describe the continuous variables, whereas categorical
variables were expressed as percentage (%) + SE. We used survey-
weighted chi-square tests (for categorical variables) and survey-
weighted linear regression (for continuous variables) to analyze the
differences between the two groups. Weighted multivariate logistic
regression models were used to explore the relationship between
ABPI and ED. Three models were developed to assess the
relationship between ABPI and ED: Crude model: no covariates
were adjusted; Adjusted model 1: age, race, education, marital
status, and PIR were adjusted; Adjusted model 2: Model 1+ BMI,
alcohol intake, smoking, diabetes, CVD, and hypertension were
adjusted. The strength of the correlation of the multivariate model
was estimated using the ratio of ratios (OR) and 95% CIL.

ABPI was converted from a continuous variable to a categorical
variable based on quartiles (Q) for additional analysis. We further
assessed the association between ABPI and ED using restricted

10.3389/fendo.2024.1436043

cubic regression while selecting ABPI thresholds using two-
piecewise Cox regression models. In addition, we performed
subgroup analyses stratified by BMI, race, marital status, diabetes,
and hypertension. Sensitivity analyses were conducted to verify the
robustness of the findings by redefining ED using more stringent
criteria. We used Empower software (www.empowerstats.com) as
well as R version 4.0.2 (http://www.R-project.org, The R
Foundation) to perform all statistical analyses. P < 0.05 was
considered statistically significant.

Results

Comparison of clinical characteristics of
participants with and without ED

Finally, 2089 participants were enrolled in this study, including
750 (35.90%) ED patients and 1339 (64.10%) participants without
ED. Table 1 shows the weighted distribution of baseline
characteristics of the included population stratified by ED status.
ABPI was significantly lower in the ED group (1.12 + 0.01) than in
the non-ED group (1.16 + 0.00) (P<0.01). Non-ED participants
(51.16 + 0.28 years) were significantly younger than ED patients

TABLE 1 Baseline characteristics of study participants in NHANES 2001-2004, weighted.

History of erectile dysfunction (ED)

Characteristics

Overall \[e} Yes
Number (n) 2089 1339 750
ABPI 1.15(0.00) 1.16(0.00) 1.12(0.01) <0.001
Age, years 54.44(0.28) 51.16(0.28) 63.60(0.47) <0.001
Age, % ‘ <0.001
<50 40.63(0.02) 51.06(2.00) 11.49(1.66)
>50 59.37(0.04) 48.94(2.00) 88.51(1.66)
BMI, kg/m> 28.47(0.16) 28.27(0.21) 29.05(0.27) 0.0436
BMI, % | 0.1573
BMI < 25 23.02(0.02) 23.43(1.91) 21.84(1.74)
25<BMI<30 45.07(0.03) 46.21(1.44) 41.90(2.06)
BMI=30 31.91(0.02) 30.36(1.86) 36.26(2.51)
Race, % ‘ 0.268
Mexican American 4.67(0.01) 4.88(0.78) 4.08(1.36)
Other Hispanic 3.78(0.01) 3.35(0.88) 5.00(1.81)
Non-Hispanic White 80.39(0.06) 80.13(1.92) 81.11(2.52)
Non-Hispanic Black 8.51(0.01) 8.75(0.89) 7.86(1.13)
Other races 2.65(0.01) 2.90(0.74) 1.94(0.49)
Educational level, % <0.001
Below high school 14.65(0.01) 11.36(1.03) 23.82(2.45)

(Continued)
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TABLE 1 Continued

History of erectile dysfunction (ED)

Characteristics

Overall [\ [e} Yes

Educational level, % ‘ <0.001
High school 25.90(0.02) 26.92(1.25) 23.04(2.01)
Above high school 59.46(0.03) 61.72(1.58) 53.14(2.55)

Marital status, % ‘ 0.4258
Married or living with a partner 79.64(0.05) 79.19(1.52) 80.90(1.56)
Living alone 20.36(0.01) 20.81(1.52) 19.10(1.56)

PIR, % ‘ <0.001
PIR<13 13.20(0.01) 12.17(0.99) 16.06(1.92)
1.3<PIR<3.5 31.64(0.02) 28.80(1.59) 39.59(2.50)
PIR>35 55.16(0.03) 59.03(1.95) 44.35(2.87)

Alcohol intake, % ‘ <0.001
Never 6.02(0.01) 5.82(1.18) 6.58(1.22)
Former 21.94(0.02) 19.11(1.77) 29.83(2.44)
Mild 43.90(0.03) 43.60(2.37) 44.72(2.25)
Moderate 10.22(0.01) 11.53(1.18) 6.56(1.44)
Heavy 17.92(0.01) 19.93(1.65) 12.31(1.88)

Smoking, % ‘ 0.0805
No 76.45(0.04) 75.39(1.18) 79.43(2.08)
Yes 23.55(0.02) 24.61(1.18) 20.57(2.08)

History of diabetes, % ‘ <0.001
No 86.00(0.04) 90.93(0.78) 72.22(1.55)
Yes 14.00(0.01) 9.07(0.78) 27.78(1.55)

History of CVD, % ‘ <0.001
No 92.65(0.04) 95.42(0.59) 84.90(1.73)
Yes 7.35(0.01) 4.58(0.59) 15.10(1.73)

History of hypertension, % ‘ <0.001
No 56.39(0.03) 62.53(2.19) 39.25(1.87)
Yes 43.61(0.03) 37.47(2.19) 60.75(1.87)

ED, erectile dysfunction; ABPI, ankle-brachial blood pressure index; BMI, body mass index; PIR, poverty income ratio; CVD, cardiovascular disease.

(63.60 = 0.47) (p<0.001). Statistically significant differences in
education level, PIR, and alcohol intake were found between the
ED and non-ED groups (P < 0.05), and the prevalence of diabetes,
CVD, and hypertension was higher in the ED group (P < 0.001).

Association between ABPIl and ED

Table 2 showed the association of ABPI as a continuous variable
and quartiles with ED. In fully adjusted Model 2, survey-weighted
logistic regression analyses showed a significant association between
ABPI and ED (OR=0.19; 95% CI, 0.06-0.56, P=0.01). Similarly, with
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ABPI as a categorical variable, compared with the lowest quartile,
the OR and 95% CI for the second quartile were 0.45 (0.30-0.69; P <
0.001) in the crude model, 0.52 (0.33-0.82, P=0.01) in the partially
adjusted Model 1, and 0.58 (0.34-0.97; P = 0.04) in the fully adjusted
Model 2.

Restrictive cubic spline regression was employed to explore the
dose-response relationship between ABPI and ED. The results
indicated that there was an L-shaped relationship between ABPI
levels and the risk of ED: as ABPI levels decreased, the risk of ED
increased (Figure 2). Piecewise Cox regression (Table 3)
demonstrated the inflection point at 1.14, below which the OR for
ED was 0.06 (0.02-0.20; P < 0.001), and above which the OR was
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TABLE 2 Weighted multivariable logistic regression for the association between ABPI and ED prevalence.

Exposure Crude Model Adjusted Model 1 Adjusted Model 2
OR (95%Cl) P value OR (95%Cl) P value OR (95%Cl) P value
ABPI (Continuous) 0.06(0.02,0.14) <0.001 0.14(0.05, 0.36) <0.001 0.19(0.06,0.56) 0.01
ABPI (Quartile)
Ql Ref Ref Ref
Q2 0.45(0.30,0.69) <0.001 0.52(0.33, 0.82) 0.01 0.58(0.34,0.97) 0.04
Q3 0.50(0.39,0.63) <0.001 0.65(0.49, 0.87) 0.01 0.74(0.52,1.07) 0.10
Q4 0.47(0.31,0.70) <0.001 0.56(0.34, 0.93) 0.03 0.62(0.34,1.12) 0.10
P for trend 0.001 0.056 0214

ABPI, ankle-brachial blood pressure index; ED, Erectile dysfunction; OR, odds ratio; CI, confidence interval; Q1-Q4, Quartile 1to 4; BMI, body mass index; PIR, poverty income ratio; CVD,

cardiovascular disease.
Crude Model: no covariates were adjusted.
Model 1: age, race, education, marital status, and PIR were adjusted.

Model 2: Model 1+ BMI, alcohol intake, smoking, diabetes, CVD, and hypertension were adjusted.
The bold values provided indicate that the ABPI as quartiles in the fully adjusted model is meaningful only at Q2.

2.79 (0.17-4.53; P = 0.469). The study suggested that when ABPI<
1.14, ABPI was negatively correlated with the risk of ED.

Subgroups and sensitivity analysis

Subgroup analyses were used to explore the interaction between
ABPI and ED. Figure 3 shows the results of the analysis of ABPI as a
continuous variable, showing a significant association between ABPI
and ED in the subgroups of BMI 25-30 (OR=0.13, 95%ClI, 0.04-0.51),
non-Hispanic whites (OR=0.15, 95%CI, 0.04-0.56), married or living
with a partner (OR=0.18, 95%ClI, 0.06-0.55), PIR 3.5 (OR=0.06, 95%
CI, 0.01-0.35), hypertension-positive (OR=0.15, 95%CI, 0.04-0.59), and
diabetes-negative (OR=0.17, 95%CI, 0.05-0.51). Table 4 presented the
results of the analysis of ABPI as quartiles, showing that the risk of ED

Log OR (95%Cl)

ABPI

FIGURE 2

The restricted cubic regression between ABPI with ED.

ABPI, ankle-brachial blood pressure index; ED, erectile dysfunction;
OR, odds ratio; Cl, confidence interval.
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at ABPI levels in Q2 was lower than in Q1 in the subgroups of married
or living with a partner (OR=0.53, 95%CI, 0.31-0.92), PIR >3.5
(OR=0.42, 95%CI, 0.22-0.79), and diabetes-negative (OR=0.55, 95%
CI, 0.33-0.92). There was no interaction between subgroup analyses
whether ABPI was used as a continuous variable or quartiles (P for all
interaction > 0.05).

The results of the sensitivity analysis were generally consistent
with the results of the main analysis (Supplementary Table 1). In the
sensitivity analyses, we defined as ED participants who answered
“never been able to get and keep an erection” to the question
assessing erection, which used more stringent criteria. The results
showed that there was a significant association between ABPI and
ED prevalence in the fully adjusted Model 2 (Continuous variable,
OR= 0.14; 95% CI, 0.05,0.42, P=0.003; Quartiles, Q2 vs Q1: OR=
0.68; 95% CI, 0.48-0.96, P=0.03).

Discussion

This study found that the second quartile was associated with a low
risk of ed in men over 40 years of age. In addition, the relationship
between ABPI and ED showed an L-shaped curve, with an ABPI value
of 1.14 associated with the lowest ED risk, and an ABI value below 1.14

TABLE 3 Threshold Effect Analysis of Association of ABPI with ED Using
Piecewise Cox Regression Models.

Outcome OR (95%Cl) P value
Fitting model by two-piecewise linear regression
Inflection point

<1.14 0.06 (0.02,0.20) <0.001
>1.14 2.79 (0.17,4.53) 0.469

P for log likelihood ratio test 0.027

ABPI, ankle-brachial blood pressure index; ED, Erectile dysfunction; OR, odds ratio; CI,
confidence interval.

Adjusted Model 2: Model 1+ BMI, alcohol intake, smoking, diabetes, CVD, and hypertension
were adjusted.
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increasing ED risk. Sensitivity analyses were consistent with the
primary analysis, further determining the stability of the results. Our
study is the first to assess the specific association between the overall
range of the ABPI and ED through nationally representative data.
Previous studies have shown an association between lower ABPI
and increased risk of malnutrition (32), diabetes (33) and CVD (34).
An ABPT of < 0.9 is diagnostic of PAD (15), it is now generally accepted
that an ABPI <0.9 in patients with chronic kidney disease (CKD) (35),
diabetes (36), and cardio-cerebrovascular disease (37) predicts an
increased risk of death. PAD is an independent predictor of
mortality and morbidity due to the fact that it is usually
accompanied by other atherosclerotic diseases (18, 19). In addition, a
high value of ABPI > 1.3 indicates incompressible vascular calcification,
reflecting arterial stiffness, which is associated with an increased risk of
cardiovascular morbidity and mortality (38). Two recent NAHENS
studies found that the lowest ABPI quartile in the normal range was
associated with the highest risk of all-cause mortality and
cardiocerebrovascular mortality, while higher ABPI were not
significant (39, 40). However, there is little study on the relationship
between ED and ABPL In 2009, a study reported that ED was
associated with PAD determined by screening ABPI testing (22).
Consistent with that report, our findings also showed that the lowest
ABI quartile was associated with risk of ED. However, a recent study
found that the cardio-ankle vascular index of patients with ED was

10.3389/fendo.2024.1436043

higher than that of healthy individuals, with no significant difference in
ABPI between the two groups (23). The inconsistency in the findings
could be attributed to the relatively small sample size of Bulbul’s study
(74 ED patients, 86 healthy controls), as well as differences in the
inclusion and exclusion criteria. They excluded complications such as
diabetes, hypertension, CVD, and PAD with ABPI < 0.9.

However, the association between ABPI and ED yields conflicting
results. This study found no significant association between ABPI higher
than 1.14 and the risk of ED. ABPI exhibits an L-shaped curve
relationship with ED, possibly explained by certain atherogenic
mediators and inflammatory cytokines, including high-sensitivity C-
reactive protein, pentraxin 3, and soluble myeloid cell expression
triggering receptor-1, which decrease with increasing ABPI (41).
Additionally, high ABPI is often associated with arterial calcification
(42, 43) and vascular stiffness (44), counteracting protective effects. The
results of the subgroup analyses indicated a lower risk of ED at the Q2
level of ABPI compared with QI. These subgroups included patients
who were married or living with a partner, had a PIR >3.5, and were
diabetes- negative. This can be explained as follows: Marriage or a stable
partnership positively influences men’s overall health and lifestyle,
thereby improving their vascular health and erectile function; higher
socioeconomic status is associated with better access to health resources,
healthier lifestyles, and higher quality medical care; and in the absence of
diabetes, maintaining good vascular health is crucial for preventing ED.

FIGURE 3

Subgroup Adjusted OR (95% CI) P value P forinteraction ED vs. non-ED
BMI 0.15 ;
>=30 0.35 (0.06, 2.16) 0.23 ——
<25 0.08 (0.01, 1.12) 0.06 oo
25-30 0.13 (0.04, 0.51) 0.01 ——
Race 0.83
Non-hispanic white 0.15 (0.04, 0.56) 0.01 —a—
Mexican american 0.06 (0.02, 1.41) 0.08 i—l—s—l
Non-hispanic black 0.22 (0.02, 2.62) 0.19 —e
Other hispanic 1.60 (0.04, 2.75) 0.91 i—e—-—!
Other race 2.93 (0.05, 5.36) 0.47 —
Marital status 0.79 E
Married or living with a partner 0.18 (0.06, 0.55) 0.01 —a—
Living alone 0.13 (0.01, 1.85) 0.12 — .1y
PIR 0.07
>=3.5 0.06 (0.01, 0.35) 0.01 —e !
1.3-3.5 0.24 (0.03, 1.71) 0.14 |—-—E—|
<1.3 2.37 (0.18, 3.46) 0.46 e
Hypertension 0.78 E
No 0.28 (0.03, 2.85) 0.25 e
Yes 0.15 (0.04, 0.59) 0.01 —
Diabetes 0.32 '
No 0.17 (0.05, 0.51) 0.01 —a— E
Yes 0.20 (0.02, 1.91) 0.14 e
011 0!4 i 2[7

Subgroup analyses of the association between ABPI as a continuous variable and ED. ABPI, ankle-brachial blood pressure index; ED, Erectile
dysfunction; OR, odds ratio, Cl, confidence interval; BMI, body mass index; PIR, poverty income ratio.
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As mentioned above, lower ABPI is associated with a variety of
vascular diseases and may predict atherosclerosis (18, 19, 33, 34). The
relationship between ED and atherosclerotic vascular disease is closely
intertwined, which may also explain the association between lower
ABPI and ED risk. Nitric oxide (NO) can mediate various anti-
atherosclerotic properties, including effects on inflammation, platelet
aggregation, and smooth muscle proliferation, and impaired NO levels
are an early finding in atherosclerosis (45). Normal erectile function is
particularly sensitive to reduce NO, and ED may be an early clinical
manifestation of underlying vascular disease and NO deficiency (46).
Additionally, penile arteries are relatively small, and with the
progression of occlusive diseases, clinical manifestations may occur
earlier in the penile vascular bed than in other vascular beds (47). In
summary, lower ABPI predicts a possible risk of atherosclerotic lesions
in the lower limb arteries, and ED symptoms may already be present at
this stage. As Polonsky et al. suggest, ED may serve as an independent
predictor of occult PAD identified through prospective ABPI testing

10.3389/fendo.2024.1436043

(22). In addition, chronic inflammation is a common underlying
pathology in both PAD and ED. Inflammatory cytokines such as C-
reactive protein (CRP) and interleukins are elevated in patients with
atherosclerosis and endothelial dysfunction. These inflammatory
mediators contribute to the progression of vascular disease and
directly affect erectile function by inducing vascular damage and
impairing smooth muscle relaxation (45). The neurovascular
interplay is crucial for erectile function. In conditions with
compromised ABPI, there is often concurrent neurovascular
dysfunction. The impaired neural regulation of blood flow, combined
with vascular insufficiency, disrupts the normal erectile process (22, 47).

The present study has some limitations. First, this study was cross-
sectional and could not provide a causal relationship between ABPI
and ED. Second, due to the limitations of the NAHENS data, we were
only able to study men in specific age groups. Third, the cross-sectional
nature of our study captures ABPI at a single point in time, which may
not fully reflect the dynamic nature of vascular health. As a result, the

TABLE 4 Subgroup analysis of the association between ABPI quartiles and ED (OR and 95%ClI).

Subgroup Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend P for interaction
BMI 0.25
Normal (<25 kg/mz) Reference 0.54(0.25, 1.15) 1.07(0.57, 2.03) 0.78(0.34, 1.77) 0.21
Overweight (25-30 kg/mz) Reference 0.55(0.22, 1.37) 0.57(0.25, 1.32) 0.47(0.14, 1.53) 0.12
Obese (=30 kg/mz) Reference 0.69(0.36, 1.31) 0.73(0.42, 1.25) 0.63(0.34, 1.16) 0.97
Race 0.33
Non-Hispanic white Reference 0.53(0.27, 1.04) 0.70(0.44, 1.10) 0.54(0.27, 1.05) 0.14
Mexican American Reference 0.84(0.38, 1.89) 0.98(0.38, 2.57) 0.51(0.19, 1.35) 0.24
Non-Hispanic black Reference 1.11(0.46, 2.71) 0.85(0.22, 3.32) 0.79(0.25, 2.52) 0.62
Other Hispanic Reference 0.50(0.05, 5.16) 0.93(0.08, 10.44) 1.33(0.08, 21.48) 0.84
Other race Reference 7.65(7.1, 8.15) 0.02(0.00,0.05) 1.55(1.29,1.86) 0.19
Marital status 0.52
Married or living with
a partner Reference 0.53(0.31, 0.92) 0.68(0.48, 0.96) 0.61(0.34, 1.09) 0.19
Living alone Reference 0.70(0.27, 1.82) 0.92(0.41, 2.04) 0.50(0.17, 1.48) 0.23
PIR 0.23
PIR>3.5 Reference 0.42(0.22, 0.79) 0.60(0.34, 1.06) 0.41(0.22, 0.76) 0.06
1.3<PIR<3.5 Reference 0.52(0.24, 1.13) 0.65(0.32, 1.31) 0.71(0.29, 1.75) 0.51
PIR<1.3 Reference 1.63(0.59, 4.47) 2.22(0.75, 6.52) 1.42(0.60, 3.36) 0.26
Hypertension 0.75
No Reference 0.57(0.27, 1.22) 0.70(0.38, 1.28) 0.69(0.30, 1.58) 0.55
Yes Reference 0.57(0.29, 1.11) 0.86(0.44, 1.66) 0.58(0.28, 1.19) 0.21
Diabetes 0.62
No Reference 0.55(0.33, 0.92) 0.72(0.51, 1.03) 0.65(0.38, 1.13) 0.25
Yes Reference 0.62(0.25, 1.55) 1.04(0.31, 3.51) 0.47(0.15, 1.49) 0.28

ABPI, ankle-brachial blood pressure index; ED, Erectile dysfunction; OR, odds ratio; CI, confidence interval; Q1-Q4, Quartile 1to 4; BMI, body mass index; PIR, poverty income ratio; CVD,

cardiovascular disease.

Adjusted Model 2: Model 1+ BMI, alcohol intake, smoking, diabetes, CVD, and hypertension were adjusted.
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observed associations between ABPI and erectile dysfunction (ED)
might be influenced by these temporal variations. Longitudinal studies
that track changes in ABPI and ED over time are needed to provide a
more comprehensive understanding of the relationship. Additionally,
although we adjusted for many confounding factors, there may still be
residual confounding factors due to data limitations, such as lifestyle
interventions and the use of certain medications (antihypertensives,
lipid-lowering drugs, and antidepressants). Finally, while the MMAS
questionnaire is a validated tool for assessing erectile function (30), it
may have limitations compared to the more widely used International
Index of Erectile Function (IIEF). The IIEF provides a more
comprehensive assessment of erectile function, including domains
such as orgasmic function, sexual desire, and overall satisfaction. The
use of MMAS in this study, although validated, may not capture the full
spectrum of ED symptoms as effectively as the IIEF.

However, our study could provide more detailed suggestions for
future research. Future research should focus on longitudinal
studies to establish a causal relationship between ABPI and ED.
Tracking changes in ABPI and erectile function over time could
provide valuable information on the progression and potential
reversibility of vascular contributions to ED. Moreover, detailed
mechanistic studies are needed to explore the specific biological
pathways linking ABPI with ED. Investigating the roles of
endothelial function, NO synthesis, and inflammation in larger,
diverse populations could yield critical insights into the underlying
mechanisms. Finally, clinical trials examining the impact of
interventions targeting vascular health on erectile function are
essential. Studies assessing the effects of lifestyle modifications,
pharmacological treatments, or surgical interventions on both
ABPI and ED outcomes could inform effective management
strategies for patients with coexisting vascular diseases and ED.

Conclusion

In our study, lower ABPI was independently associated with ED
risk. In addition, the lowest ABPI level associated with ED risk was
1.14, below this level, lower ABPI was associated with higher ED
risk. This suggests that clinicians may consider assessing ABPI in
individuals with ED and evaluating erectile function in those with
lower ABPI levels. Clinicians should consider incorporating ABPI
measurements into routine assessments, especially for patients with
CVD risk factors. Early detection of vascular impairment can
prompt timely interventions to prevent the progression of ED.
Additionally, understanding the relationship between ABPI and ED
can help in developing personalized treatment plans. Future studies
should conduct longitudinal investigations to determine causality,
as well as interventional studies to assess whether treatment of
peripheral vascular disease improves ED.
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