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Objective: The purpose of this study is to examine the association between a
novel adiposity parameter, the weight-adjusted-waist index (WWI), and erectile
dysfunction (ED).

Methods: According to National Health and Nutrition Examination Survey
(NHANES) 2001-2004, a total of 3884 participants were categorized as ED and
non-ED individuals. WWI was calculated as waist circumference (WC, cm)
divided by the square root of weight (kg). Weighted univariable and
multivariable logistic regression models were conducted to assess the
correlation between WWI and ED. Smooth curve fitting was utilized to
examine the linear association. The receiver operating characteristic (ROC)
curve and Delong et al.'s test were applied to compare the area under curve
(AUC) value and predictive power among WWI, body mass index (BMI), and WC
for ED.

Results: WWI was positively related to ED with the full adjustment [odds ratio
(OR)=1.75, 95% confidence interval (95% ClI): 1.32-2.32, p=0.002]. After
converting WWI to a categorical variable by quartiles (Q1-Q4), compared to
Q1 the highest WWI quartile was linked to an obviously increased likelihood of ED
(OR=2.78, 95% CI: 1.39-5.59. p=0.010). Subgroup analysis revealed the stability
of the independent positive relationship between WWI and ED. It was shown that
WW!I had a stronger prediction for ED (AUC=0.745) than BMI (AUC=0.528) and
WC (AUC=0.609). Sensitivity analysis was performed to verify the significantly
positive connection between WWI and stricter ED (OR=2.00, 95% CI: 1.36-2.94,
p=0.003).

Conclusion: An elevated WWI was related to higher risks of ED in the United State
adults, and a stronger predictive power of WWI for ED was observed than BMI
and WC.

KEYWORDS

the weight-adjusted-waist index, erectile dysfunction, obesity, National Health and
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1 Introduction

Erectile dysfunction (ED) is defined as the inability to obtain or
maintain a sufficient erection for satisfactory intercourse (1). ED is a
common disease that generally occurs in men older than the age of
40 years (2). According to the analysis from the Massachusetts Male
Aging Study (3), the combined prevalence of mild, moderate, and
complete ED was 52% in males from 40 to 70 years old. ED may be
related to psychogenic factors or organic causes. In most patients,
both reasons may lead to the occurrence of ED (4). Several risk
factors and comorbidities are also closely associated with ED, such
as obesity, lack of physical activity, smoking, alcoholism, diabetes
mellitus, hypertension, dyslipidemia, and hypogonadism. In
addition, ED was reported as a predictor for some illnesses
including cardiovascular disease (CVD), coronary heart disease,
and stroke (2, 5, 6). Obviously, ED brought a heavy health burden in
increasingly aging men.

Obesity is a threat to the public health worldwide and is closely
linked to many common diseases including but not limited to the
following: hypertension, diabetes, CVD, cancers, psychiatric
diseases, and sexual function (7, 8). Body mass index (BMI) is the
most widely used parameter to evaluate obesity. However, the major
deficiency of BMI is the failure to distinguish body fat from lean
mass and central fat from peripheral fat (9). As a predictor of
obesity, waist circumference (WC) has been proven to be related to
visceral fat and abdominal obesity (10). However, it has been
confirmed that there is a strong correlation between WC and
BMI, and thus WC is limited as an independent measure of
obesity (11). The weight-adjusted-waist index (WWI) is a novel
index to evaluate obesity, proposed by Park et al. (12), and
calculated using WC/weight'/%. Additionally, WWT presented a
strong predictive power for cardiometabolic morbidity and
mortality in their study (12). Furthermore, a previous study
demonstrated that WWI was positively associated with fat mass
but negatively connected with muscle mass (13).

Various evidence reveals that obesity is linked with increased
odds of ED. Fillo et al. proved that males over the age of 40 with
abdominal obesity had a higher risk of ED (14). Zhang et al. showed
that subjects with BMI > 30 kg/m? had an elevated incidence of ED
in China (15). However, the relationship between WWT and the
prevalence of ED has not been explored. Therefore, within the
National Health and Nutrition Examination Survey (NHANES)
from 2001-2004, we investigated the correlation between WWT and
ED and evaluated the predictive capability of WWI for ED
compared to other indexes.

2 Materials and methods
2.1 Study description and population

The analyzed data were extracted from NHANES database, a
major national program conducted by the Centers for Disease

Control and Prevention’s National Center for Health Statistics
(NCHS) with the purpose of evaluating the state of health and
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nourishment among the population of the United State. A unique
feature of the survey is the harmonious combination of interviews
and physical examinations. The survey interview comprises of
demographic, socioeconomic, dietary, and health-related
concerns. In addition, the examination elements encompass
medical, dental, and physiological assessments, coupled with
laboratory analyses executed by exceptionally skilled medical
practitioners. Using a multistage probability design, NHANES
collected a representative sample of noninstitutionalized civilian
residents in the United States (16). The informed consent was
signed by all participants in the NHANES study protocols that were
approved by the Research Ethics Review Board of NCHS. More
detailed information about the NHANES survey is available
publicly at https://www.cdc.gov/nchs/nhanes/index.htm.

In this cross-sectional study, the data from two survey cycles
(2001-2002, 2003-2004) were used because the ED information
was available only in the period of 2001 to 2004. 4661 participants
who completed the examination of “Body Measures” and the
questionnaire on “Prostate Conditions” were enrolled at first. The
participants with incomplete ED assessment (n=545), missing
WWI data (n=130) and a former diagnosis of prostate cancer
(n=102) were excluded. Ultimately, 3884 individuals were
included in our study (Figure 1).

2.2 Measurement of WWI

The WWI is a novel adiposity indicator calculated as WC (cm)
divided by the square root of weight (kg). The anthropometry
assessments were conducted at the Mobile Examination Center
(MEC) by proficient health technicians whose performance was
monitored via direct observation, data reviews, and expert examiner
evaluations. The “Body Measures” information on WC and weight
are publicly available on the NHANES website. Detailed methods of
anthropometrics are described at https://wwwn.cdc.gov/nchs/

Particip who the ination of
Body Measure and the questionnaire on Prostate
Conditions in NHANES 2001-2004

n=4661
Excluded participants with incomplete
ED assessment
n=>545
A
n=4116
Excluded participants with missing
WWI data
n=130
A
n=3986
Excluded participants with a former
> diagnosis of prostate cancer
n=102
n=3884

FIGURE 1
Flow chart of the sample selection process.
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nhanes/continuousnhanes/manuals.aspx?BeginYear=2003. Weight
was qualified by a Toledo digital scale and measured in pounds
and converted to kilograms in the automated system. Study
participants (SPs) should only be clothed in disposable paper
gowns, underwear, and foam slippers for more accurate weight
measurements. Additionally, SPs need to stand still in the center of
the scale platform facing the recorder, hands at side, and looking
straight ahead. WC is measured with a measuring tape. MEC health
technicians will draw a horizontal line just above the uppermost
lateral border of the right ilium. Subsequently, the right midaxillary
line was drawn, and the measuring tape was placed horizontally at
the point where the two lines intersected. And then technicians
stand on the SP’s right side and encircle the measuring tape around
the trunk in the horizontal plane. Generally, a higher WWI
indicates more severe obesity. According to the WWI quartiles,
survey individuals were divided into 4 groups(Q1-Q4) in further
analysis. The WWI was set as both continuous and categorical
variables in the analysis and was considered an exposure in
our study.

2.3 Assessment of ED

The interview is conducted within a private room at the MEC,
using an audio computer-assisted self-interview (ACASI) as the
mode of administration. Self-assessment of ED designed as the
outcome variable was conducted by a single question from the
Massachusetts Male Aging Study (17): “Many men experience
problems with sexual intercourse. How would you describe your
ability to get and keep an erection adequate for satisfactory
intercourse?” Response options included “always or almost always
able”, “usually able”, “sometimes able”, and “never able”. In this
analysis, ED was defined as participants who answered “sometimes
able” or “never able” to keep an erection. Survey individuals who
answered “always or almost always able” or “usually able” to keep
an erection were classified as not having ED. In a sensitivity
analysis, we redefined ED stringently as participants who
answered “never able” to keep an erection (18).

2.4 Covariates of interest

In the current study, covariates of interest included age, race,
education level, marital status, the family poverty income ratio
(PIR), BMI, physical activity (vigorous/moderate), smoking status,
alcohol intaking, diabetes, hypertension, high cholesterol, and CVD.
Physical activity was classified as vigorous activity (yes or no) and
moderate activity (yes or no). Survey individuals smoking at least
100 cigarettes in their lives and smoking when taking the
questionnaire were designed as current smokers. Former smokers
are defined as someone who smoked at least 100 cigarettes
throughout their lifetime and did not smoke at the time of the
questionnaire. In addition, males who smoked less than 100
cigarettes during their lifetime were defined as nonsmokers.
Participants who answered “no” to drinking at least 12 alcohol
drinks in their entire life and in any one year were designed as
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nondrinkers. Study males who answered “yes” to drinking 12
alcohol drinks in their entire life or in any one year but
consumed no drinks in the past 12 months were set as former
drinkers. Study individuals were current drinkers if they answered
“yes” to drinking 12 alcohol drinks in their entire life or in any one
year and they drank at least one alcohol drink in the past 12 months
(19). If doctors had told participants that they had diabetes or their
fasting plasma glucose was >126mg/dL, they were considered to
have diabetes. Survey individuals with hypertension were
designated as those who had a prior diagnosis of hypertension, or
were taking medication for hypertension, or had a systolic or
diastolic blood pressure greater than or equal to 140 mmHg or 90
mmHg respectively. Participants who were told by doctors that
their blood cholesterol level was high, or were taking a prescription
for hypercholesterolemia, or had a total cholesterol value > 240 mg/
dL were considered to have high cholesterol. CVD refers to
participants who have previously been diagnosed with congestive
heart failure, or coronary heart disease, or angina, or heart attack.

2.5 Statistical analysis

In the present study, the multistage design of the NHANES was
taken into consideration in all statistical analyses by selecting
appropriate sampling weights, strata, and primary sampling units.
In the baseline characteristics table, continuous variables were
expressed as the weighted mean and standard error (SE), and
categorical variables were shown as weighted proportions. A
survey-weighted linear regression for continuous variables and a
survey-weighted Chi-square test for categorical variables were
utilized to evaluate the differences between participants with or
without ED. The analysis of univariable and multivariable logistic
regressions was performed to examine the relationship between
WWI level and the prevalence of ED. There were 3 models applied
in the study: Model 1 was unadjusted; Model 2 was adjusted for
age, race, and BMI; Model 3 was adjusted for age, race, BMI,
education level, marital status, the family PIR, smoking status,
alcohol intaking, vigorous activity, moderate activity, diabetes,
hypertension, high cholesterol, and CVD.

Subgroup analyses were conducted to investigate the correlation
between WWI and ED in different subgroups. For sensitivity
analysis, we classified participants who answered “never able” to
maintain an erection as having stricter ED. Multivariable logistic
regression models also were utilized in the sensitivity analysis. The
smooth curve fitting and generalized addition model were utilized
to examine whether the independent variable was divided
into different intervals, which meant whether the independent
variable was non-linearly related to ED. The receiver operating
characteristic (ROC) curve and the area under curve (AUC) were
presented to assess the predictive power of WWI, BMI, and WC for
ED. The comparison of AUC between WWI and other
indicators was verified by Delong et al’s test (20). A two-sided
p-value of < 0.05 was considered statistically significant. All
statistical analyses were conducted using EmpowerStats (http://
www.empowerstats.com, X&Y Solutions, Inc.) and statistical
software packages R (http://www.R-project.org; The R Foundation).
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3 Results
3.1 Participant characteristics

A total of 3884 survey individuals aged from 20 to 85 years were
enrolled in our study. 1056 of 3884 (27.19%) individuals had a
history of ED. WWI was significantly elevated in the ED
participants compared to that in the participants without ED
[11.22 (0.03) cm/Vkg vs 10.59 (0.02) cm/Vkg, p<0.001]. Males
with ED may be older, less educated, married or living with
partner, have lower socio-economic status, higher BMI level, less
physical activity, be former smokers, and have diabetes,
hypertension, high cholesterol, and CVD (all p<0.05). The
detailed demographic data of all survey individuals are
demonstrated in Table 1.

3.2 The association between WWI and ED

Weighted univariable logistic regression was conducted to
assess the association of WWT and all chosen covariates with ED.
Detailed information was shown in Table 2. We used the weighted
multivariable logistic regression to examine the relationship
between WWI and ED in crude, minimally adjusted, as well as
fully adjusted models, and found a significant positive connection
between WWI and ED in all models, which was demonstrated in
Table 3. In the fully adjusted model (Model 3), each unit increase in
WWI was related to a 75% greater risk of ED [odds ratio (OR)=1.75,
95% confidence interval (95% CI): 1.32-2.32, p=0.002].
Additionally, the continuous WWT variable was transformed into
a categorical variable by WWI quartiles and the positive
relationship between four WWT intervals and ED maintained
statistically significant. In model 3, survey individuals in the
highest quartile (Q4) had 178% greater risks of ED compared to
those in the lowest quartile (Q1) (OR=2.78, 95% CI:1.39-5.59, p for
trend=0.004). Furthermore, an analysis of smooth curves fitting also
revealed a positive linear correlation between WWI and
ED (Figure 2).

3.3 Subgroup analysis

Subgroup analyses were performed to explore whether the
WWI-ED association was steady in different stratifications. As
shown in Figure 3, all subgroups including age, a history of
hypertension, diabetes, high cholesterol, and CVD had no impact
on the independent positive WWI-ED correlation (all p for
interaction > 0.05). In some stratifications, the positive
relationship was statistically stably significant. For instance, each
unit of increased WWI was related to a 61% higher likelihood of ED
for participants younger than 50 years old (OR=1.61, 95% CI: 1.16-
2.23, p=0.029) and an 84% higher risk of ED for those aged 50 and
older (OR=1.84, 95% CI: 1.44-2.32, p=0.003). Detailed analytical
results were presented in Figure 3.
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3.4 WWI had a stronger predictive ability
for ED than BMI and WC

In Table 4, the AUC values (95% CI) of the anthropometric
indicators were shown: WWI: 0.745 (0.728-0.762), BMI: 0.528
(0.507-0.549), WC: 0.609 (0.589-0.629). Of the three parameters,
it has been shown that the highest AUC was WWI. Table 4 also
included several details of all the adiposity indexes including cutoff
value, sensitivity, and specificity. For instance, the optimum cutoff
value of WWI predicting ED was 10.920 (specificity: 0.652,
sensitivity: 0.732). In Figure 4, ROC curves were conducted to
assess the prediction of adiposity indexes for ED. In addition, the
comparisons between WWI and other parameters demonstrated
that the differences in AUC values between WWI and BMI, WC
were statistically significant (both p<0.001), indicating that WWT
may be a better predictive index of ED than BMI and WC.

3.5 Sensitivity analysis

We designed the participants who answered “never able” to
keep an erection as stricter ED individuals for sensitivity analyses.
As shown in Table 5, positive associations were observed in all
models. In Model 3, one additional unit of WWI was correlated
with a 100% increased risk of ED (OR=2.00, 95% CI: 1.36-2.94,
p=0.003). In addition, we explored the linear association between
WWT and stricter ED using a smooth curve fitting and generalized
addition model (Figure 5), and WWT was still linearly positively
related to stricter ED.

4 Discussion

In this cross-sectional study, we explored the connection
between WWI and ED in noninstitutionalized U.S. residents and
discovered that an elevated WWI was strongly linked with a higher
likelihood of ED. The positive connection still existed when WWI
was transformed into a categorical variable by quartiles (Q1-Q4),
Subgroup analyses revealed that all stratification variables had no
effect on the stability of the relationship between WWI and ED and
the positive correlation persisted. Moreover, the ROC curve and
Delong et al.’s method were utilized to explore and compare the
predictive efficiency for ED between WWI and BMI, WC,
respectively, and found that WWI had a stronger predictive
power for ED compared to BMI and WC. Lastly, we used a
stricter definition of ED for sensitivity analysis and found that the
impact of WWTI on ED was enhanced. As far as we know, this is the
first study to focus on the correlation between WWI and ED.

The association between obesity and ED has been supported by
numerous studies. Bacon et al. conducted a 14-year prospective
study for investigating the risk factors of ED and found obesity was
positively associated with ED (21). Riedner et al. demonstrated that
several anthropometric parameters evaluating central obesity were
linked to the likelihood of ED in men older than 60 years old (22).
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TABLE 1 Baseline characteristics of participants by a history of erectile
dysfunction, weighted.

History of erectile
dysfunction

Characteristic P-value

No Yes

(n=2828) (n=1056)
Age (year), mean (SE) 41.07 (0.32) 60.62 (0.48) <0.001
WII (cm/\kg), mean (SE) 10.59 (0.02) 1122 (0.03) | <0.001
Age (%) ‘ ‘ <0.001
<50 74.04 20.02
=50 25.96 79.98
BMI (%) ‘ ‘ 0.002
<25 31.12 24.87
>25 and <30 41.20 40.33
=30 27.68 34.81
Race (%) ‘ ‘ 0.450
Mexican American 7.88 7.38
Other Hispanic 4.14 5.34
Non-Hispanic White 73.63 75.32
Non-Hispanic Black 10.05 8.55
Other race 4.30 3.41
Education level (%) ‘ ‘ <0.001
Less than high school 13.98 29.25
High school or GED 27.89 23.11
Above high school 58.13 47.64
Marital status (%) ‘ ‘ <0.001
Married or living with partner 67.76 76.06
Living alone 32.24 23.94
Family PIR (%) ‘ ‘ <0.001
<13 16.19 19.35
>13and <35 33.77 41.87
>35 50.04 38.78
Smoking status (%) ‘ ‘ <0.001
Current smokers 29.54 23.84
Former smokers 24.93 46.74
Nonsmokers 45.53 29.42
Alcohol intaking (%) ‘ ‘ 0.038
Current drinkers 79.67 64.30
Former drinkers 13.36 29.44
Nondrinkers 6.97 6.25
Vigorous activity (%) ‘ ‘ <0.001
No 55.58 81.31
(Continued)
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TABLE 1 Continued

History of erectile
dysfunction

Characteristic

\[e} Yes
(n=2828) (n=1056)

Yes 44.42 18.69
Moderate activity (%) <0.001
No 42.06 52.63
Yes 57.94 47.37
Diabetes (%) <0.001
No 95.07 73.64
Yes 4.93 26.36
Hypertension (%) <0.001
No 71.23 40.20
Yes 28.77 59.80
High cholesterol (%) <0.001
No 66.32 48.43
Yes 33.68 51.57
CVD (%) <0.001
No 95.51 76.50
Yes 4.49 23.50

SE, standard error; WWI, weight-adjusted-waist index; BMI, body mass index; GED, general
educational development; Family PIR, family poverty income ratio; CVD, cardiovascular
disease.

There are many factors and mechanisms involved in the regulation
of obesity and ED. For instance, the alteration of sex hormone
metabolism caused by obesity is one of the crucial factors affecting
ED. Corona et al. showed that with adjustment of comorbidities, the
lower level of androgen is a characteristic feature of obesity in men
with ED (23). Besides a decrease in testosterone, obese males
present a decrease in the testosterone-to-estradiol ratio and an
elevated level of estrogen, including estrone and estradiol, which
play a significant role in the development of ED by exerting a
regulatory effect on the physiological processes involved in sexual
performance (24). A study in rabbits indicated that ED induced by
the high-fat diet was more closely related to elevated estradiol levels
than to low testosterone levels (25). Insulin resistance related to
obesity may have an impact on endothelial dysfunction which is a
potential mechanism of ED formation (26). Physical activities also
play important roles in the formation of ED. A meta-analysis
proposed that physical activity and exercise could yield
improvement in instances of ED. Notably, the greater benefit
seemed to be derived from engaging in aerobic exercise with
moderate-to-vigorous levels of intensity (27). Morelli et al.
demonstrated that physical exercise could reverse some
characteristics of high-fat diet rabbits with metabolic syndrome
(MetS). For example, physical exercise had the potential to improve
erectile function and increase luteinizing hormone and testosterone
concentration (28). Certain comorbidities related to obesity have
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TABLE 2 Weighted univariable logistic regression analysis for the TABLE 2 Continued

relationship of WWI and all chosen covariates with ED.

OR (95%Cl) P-value
OR (95%Cl) P-value
Vigorous activity
WWI 3.52 (2.95,4.20) <0.001
No Reference
WWI quartiles
Yes 029 (022, 0.37) <0.001
Q1 Reference
Moderate activity
Q2 2.33 (1.70, 3.20) <0.001
No Reference
Q3 4.90 (3.36, 7.16) <0.001
Yes 0.65 (0.54, 0.79) 0.001
Q4 11.79 (7.97, 17.43) <0.001
Diabetes
Age
No Reference
<50 Reference
Yes 6.90 (5.16, 9.22) <0.001
250 11.40 (9.51, 13.66) <0.001
Hypertension
BMI
No Reference
<25 Reference
Yes 3.68 (3.16, 4.29) <0.001
>25 and <30 1.23 (0.99, 1.51) 0.070
High cholesterol
>30 1.57 (1.21, 2.05) 0.002
No Reference
Race
Yes 2.10 (1.76, 2.50) <0.001
Mexican American Reference
CVD
Other Hispanic 1.38 (0.72, 2.62) 0.339
No Reference
Non-Hispanic White 1.09 (0.83, 1.44) 0.536
Yes 6.53 (5.16, 8.26) <0.001
Non-Hispanic Black 0.91 (0.67, 1.22) 0.531
OR, odds ratio; 95% CI, 95% confidence interval; Q1-Q4, quartile 1-quartile 4. WWI, weight-
Other race 0.85 (0.45, 1.61) 0.616 adjusted-waist index; BMI, body mass index; GED, general educational development; Family
PIR, family poverty income ratio; CVD, cardiovascular disease.
Education level
Less than high school Reference also been shown to have an impact on the development of ED.
High school or GED 040 (031, 051) <0001 Nonalcoholic fatty liver disease (NAFLD) is closely associated with
MetS and is recognized as the hepatic manifestation of MetS.
Above high school 0.3 (032, 0.47) <000t NAFLD has been shown to be significantly linked to ED in a
Marital status prospective pilot study (29). Vignozzi et al. showed that the
Married or living with partner Reference emergence of MetS-induced nonalcoholic steatohepatitis in high-
fat diet rabbits was thought to actively participate in the
Living alone 066 (054, 0.81) <0.001 pathogenesis of ED via an increase of TNFo (30). Moreover,
Family PIR obesity is also closely related to female sexual dysfunction. A
cross-sectional study indicated that obesity was associated with an
<13 Reference
elevated likelihood of dysfunction in desire and arousal and reduced
>13and <3.5 1.04 (082, 1.31) 0760 sexual satisfaction in postmenopausal females (31). Werlinger et al.
>3.5 0.65 (0.53, 0.79) <0.001 investigated that weight loss promoted the overall perception of
. sexual function in females (32). Therefore, it is necessary to evaluate
Smoking status . .
the degree of obesity to predict the odds of ED.
Nonsmokers Reference The WWTI is regarded as a new obesity indicator and has been
Former smokers 2.90 (2.45, 3.44) <0.001 shown to be related to various factors, especially CVD. Ding et al.
Current smokers 125 (098, 1.60) 0086 demonstrated that there was a relationship between higher WWI
levels (= 11.2 cm/\/kg) and increased odds of all-cause (HR=1.36,
Alcohol intaking 95% CI: 1.17-1.58) and cardiovascular mortality (HR=1.43, 95% CI:
Nondrinkers Reference 1.15-1.77) in southern China (33). A rural Chinese cohort study
) showed a statistically significant association between the highest
Former drinkers 2.46 (1.50, 4.03) 0.001 . o
WWI level (> 10.91 cm/Vkg) and a higher incidence of
Current drinkers 0-90 (055, 1.48) 0-681 hypertension (OR=1.50, 95%CI: 1.24-1.82) (34). It has been
(Continued) confirmed that ED and CVD have many common risk factors
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TABLE 3 Weighted multivariable logistic regression for the association between weight-adjusted-waist index and erectile dysfunction.

Model 1

OR (95% Cl), P-value

Model 2 Model 3

Continuous 3.53 (2.95, 4.20), <0.001 2.47 (2.03, 3.01), <0.001 1.75 (1.32, 2.32), 0.002
Categories

Q1 Reference Reference Reference

Q2 2.33 (1.70, 3.20), <0.001 1.75 (1.27, 2.42), 0.003 1.54 (0.92, 2.57), 0.069
Q3 4.90 (3.36, 7.16), <0.001 2.82 (1.97, 4.04), <0.001 2.12 (1.15, 3.93), 0.019
Q4 11.79 (7.97, 17.43), <0.001 5.25 (3.38, 8.17), <0.001 2.78 (1.39, 5.59), 0.010
P for trend <0.001 <0.001 0.004

OR, odds ratio; 95% CI, 95% confidence interval; Q1-Q4, quartile 1-quartile 4.

Model 1: Unadjusted; Model 2: Adjusted for age, race, and body mass index; Model 3: Adjusted for age, race, body mass index, education level, marital status, the family poverty income ratio,

smoking status, alcohol intaking, vigorous activity, moderate activity, diabetes, hypertension, high cholesterol, and cardiovascular disease.

including but not limited to hypertension, diabetes, obesity, and
smoking. In addition, some pathophysiological mechanisms, such
as endothelial dysfunction, inflammation, aging, and low plasma
testosterone levels, have an impact on both ED and CVD (35, 36). It
has been shown that ED is an independent predictor of CVD and
provides opportunities for prevention and treatment (37).
Interestingly, cardiovascular events have been studied to be
related to female sexual dysfunction (38). Maseroli et al.
demonstrated that clitoral vascular resistance evaluated by color
Doppler ultrasound was positively associated with decreased sexual
arousal (39). Therefore, the relationship between CVD and sexual
dysfunction is widely confirmed. Furthermore, there was strong
evidence that WWI was significantly positively related to abdominal
fat (13, 40). Riedner et al. revealed that central obesity evaluated by
several indicators was highly associated with ED in older males (22).
Janiszewski et al. demonstrated that abdominal obesity assessed by a
high WC was independently linked with increased odds of ED (41).
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FIGURE 2
Smooth curve fitting for WWI and ED. The area between the upper
and lower blue dotted lines is on behalf of 95% CI. The red dotted
line indicates that the positive linear association between WWI and
ED is proven by generalized additive model.
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Moreover, MetS is a metabolic disorder and a cluster of risk factors
of CVD, such as visceral adiposity, insulin resistance, inflammation,
and endothelial dysfunction (42). Meanwhile, MetS has been shown
to be correlated with ED. Heidler et al. explored the correlation
between MetS and ED in a total of 2371 men and discovered that
only in males > 50 years old, a higher prevalence of MetS was
related significantly to a greater risk of ED, and subjects with severe
ED rose by 48% (43). Garcia-Cruz et al. showed that survey
individuals with MetS had significantly lower scores on
International Index of Erectile Function-5 (IIEF-5) (p<0.001).
Additionally, the incidence of moderate-to-severe ED was higher
among participants with MetS than those without MetS (p<0.001)
(44). WWI as an indicator of abdominal obesity may be linked to
MetS. Therefore, it is reasonable to speculate that WWI may have a
positive correlation with ED prevalence.

As we all know, BMI is one of the most commonly used
indicators for assessing obesity. However, a main limitation of
BMI is that it neither differentiates body fat from lean mass nor
evaluates the distribution of body mass. For instance, an individual
with more muscle mass and less fat mass may be mistaken for

OR (95%CI), P-value P for interaction

Age
<50 —_— 161(1.16.229),0029 0403
=50 —— 184 (1.44.234), 0,003
Hypertension
Yes — 184(1.36,249), 0006 o702
No —— 169(1.23234), 0015
Diabetes
Yes 145 082255, 0244 0410
No —— 183(1.46.229). 0001
High Cholesterol
Yes —_— 1771:27,248),0012 0953
No e 176.1.36.226). 0008
Cardiovascular Discase
Yes 186 (1.14305), 0.042 0810
No e 1.75(1.36.224), 0003

FIGURE 3

Subgroup analysis for the relationship between weight-adjusted-
waist index and erectile dysfunction. All factors including age, a
history of hypertension, diabetes, high cholesterol, and CVD had no
impact on the independent positive association between WWI and
ED. All subgroups were adjusted for age, race, body mass index,
education level, marital status, the family poverty income ratio,
smoking status, alcohol intaking, vigorous activity, moderate activity,
diabetes, hypertension, high cholesterol, and cardiovascular disease,
except the stratification factor itself.
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TABLE 4 The adiposity indicators for predicting ED.

95%Cl low 95%Cl upp Cutoff value Specificity Sensitivity
WWI ‘ 0.745 0.728 0.762 ‘ 10.920 0.652 0.732
BMI ‘ 0.528 0.507 0.549 ‘ 31.775 0.822 0.231
WC ‘ 0.609 0.589 0.629 ‘ 99.950 0.581 0.597

AUG, area under curve; 95% CI, 95% confidence interval.

ROC curve for Erectile Dysfunction

1.0

0.8
|

Sensitivity

0.4

— WWI: 0.745

~—— WC:0.609

—— BMI: 0.528
P value

WWi vs. BMI <0.001
WWIi vs. WC <0.001

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
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FIGURE 4
Receiver operating characteristic (ROC) curve analysis for predicting

ED. Delong et al.'s method for comparison of area under curve
(AUC) value between WWI and BMI, WC.

having a high BMI, while a subject with increased fat mass and little
lean mass may be considered to have a normal BMI (9, 45). WC is
always utilized to assess central obesity. Pizzol et al. demonstrated
that overweight (BMI: 25-29.9 kg/m?) individuals had higher odds
of ED than individuals with normal weight (OR =1.31, 95% CI:
1.13-1.51). In addition, the incidence of ED was higher in
participants with obesity (BMI > 30kg/m?) than in normal-weight
individuals (OR=1.60, 95% CI: 1.29-1.98). Moreover, the
association between higher ED prevalence and an elevated WC
was proved. Therefore, higher BMI and WC have been confirmed to
evaluate the increased risk of ED (46). Yassin et al. showed that WC
was significantly negatively associated with scores on IIEF-5, which
indicated higher WC values were related to an increased ED

prevalence (47). In addition, the visceral adiposity index (VAI) is
a novel obesity indicator that has higher sensitivity and specificity
than some classical parameters, such as BMI and WC (48). Some
studies have explored the correlation between visceral obesity
evaluated by VAI with ED. Dursun et al. demonstrated that the
mean VAI value of ED males was 5.18 + 2.50 and of non-ED males
was 3.47 + 1.76. Compared with non-ED individuals, VAI levels
were statistically higher in the ED subgroup (p < 0.001) (49). Bolat
et al. conducted a multivariable logistic regression analysis and
discovered that each additional unit of VAI was linked to 30%
greater odds of ED (95% CI: 1.08-1.58). Therefore, VAI can be
regarded as an independent predictor of ED (50). There is more and
more evidence revealing that many indicators evaluating obesity are
closely associated with ED. However, obesity paradox is a
controversial topic on cardiometabolic risk. There is a paradoxical
association between higher BMI and lower risk of cardiovascular
events in individuals with CVD (51). More research is needed to
confirm whether the obesity paradox exists in the ED population.
Moreover, Park et al. indicated that WWI may be a better index
representing WC and is weakly correlated with BMI (12). It is worth
mentioning that some novel anthropometric indexes such as VAI
are calculated by relatively complex mathematical formulas,
resulting in the inconvenience of use, while WWTI is calculated by
a relatively simple formula for the convenience of the routine
examination. In our study, we concluded that WWI has a
stronger relationship with ED than BMI and WC. Therefore,
WWTI as an anthropometric index has good results in
independently predicting ED prevalence and is expected to be
further studied for predicting the risk of other diseases.

There are several strengths in our study. We used a large sample
of data from NHANES which is representative of the United States
population and took full consideration of sample design and
weighting. In addition, we adjusted related covariates in the
multivariable logistic regression analyses for exploring the
independent effect of WWI on ED. Furthermore, we conducted
subgroup analyses for examining the stability of impact. Moreover,
the sensitivity analysis is used to evaluate the association between

TABLE 5 Sensitivity analysis for the association between WWI with stricter ED.

Model 1

OR (95% Cl), P-value

Model 2 Model 3

WWI 3.97 (3.34, 4.73), <0.001

2.82 (2.19, 3.64), <0.001 2.00 (1.36, 2.94), 0.003

OR, odds ratio; 95% CI, 95% confidence interval. Q1-Q4, quartile 1-quartile 4.

Model 1: Unadjusted; Model 2: Adjusted for age, race, and body mass index; Model 3: Adjusted for age, race, body mass index, education level, marital status, the family poverty income ratio,
smoking status, alcohol intaking, vigorous activity, moderate activity, diabetes, hypertension, high cholesterol, and cardiovascular disease.
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FIGURE 5

Smooth curve fitting for WWI and stricter ED. The area between the
upper and lower blue dotted lines is on behalf of 95% CI. The red
dotted line indicates that the positive linear association between
WWI and stricter ED is proven by generalized additive model.

the stricter ED and WWI. However, there are some limitations in
our study. For instance, the current study is a cross-sectional study,
which cannot explore causality. Additionally, a history of ED is self-
reported by survey participants, possibly resulting in a smaller
number of collected ED males than the true number of ED men.
Furthermore, WWI as a new obesity index has not been widely used
to evaluate obesity or central obesity in daily and clinical conditions
compared to BMI and WC. More research needs to figure out the
advantages and disadvantages of WWI in different clinical
applications. Lastly, NHANES database only represents the
population from the United State. Whether the relationship
between WWI and ED exists in other national or regional
populations needs to be verified by more studies.

5 Conclusion

This study showed that a higher WWI was related to an
increased risk of ED prevalence. Additionally, compared to BMI
and WC a stronger predictive capability for ED was observed in
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