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Introduction: Obstructive sleep apnea (OSA) has been linked with erectile dysfunction (ED), but the relatively
independent polysomnography (PSG) outcomes of apnea and nocturnal hypoxia may not effectively assess the
physiological impairment of OSA well.

Aim: To propose a new calculation method, the blood oxygen accumulation distribution area index (BOADAI),
for evaluating the association between OSA and ED.

Methods: In this study, 502 male participants with suspected OSA were enrolled. Clinical questionnaire,
physical measurements, and PSG outcomes were obtained by 2 respiratory physicians. ED was assessed by a
urologist using the International Index of Erectile Function-5 (IIEF-5). Whole pulse oxygen saturation curves
during the sleep time were compressed into a fixed scale image, and the distribution area of oxygen saturation
curves was outlined. We then calculated the value of the outlined area and normalized it by total sleep time. The
least absolute shrinkage and selection operator logistic regression model was used for selecting the optimal
variable associated with ED and model construction. The clinical net benefit of the BOADAI and its related
modules was estimated and compared by decision curve analysis.

Main Outcome Measure: ED and OSA were assessed using the IIEF-5, clinical questionnaire, physical
measurements, and PSG outcomes.

Results: The frequency of ED in patients with OSA was significantly greater than that in the no-OSA
group. Meanwhile, the new BOADAI was negatively correlated with the IIEF-5 score (r ¼ �0.2525,
P ¼ .0000). Moreover, the least absolute shrinkage and selection operator method retained BOADAI but
not the other PSG parameters such as respiratory disorder index and lowest SaO2. Finally, logistic regression
analysis revealed that older age, lips with cyanochroia, systemic hypertension, and BOADAI were
independently associated with ED, and decision curve analysis indicated the clinical usefulness of the
BOADAI module.

Conclusion: This study revealed novel evidence that OSA is a risk factor for ED. Meanwhile, the BOADAI
could act as a potential clinical characteristic to evaluate ED in patients with OSA and to provide clinical
treatment recommendations. Zheng W, Chen X, Huang J, et al. Blood Oxygen Accumulation Distribution
Area Index Is Associated With Erectile Dysfunction in Patients With Sleep Apnea—Results From a Cross-
sectional Study. Sex Med 2019; 8:36e44.
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INTRODUCTION

Obstructive sleep apnea (OSA), the most common type of sleep
apnea, is characterized by recurrent cessation of breathing during
sleep, which is usually associated with sleep fragmentation and
reduction in blood oxygen saturation.1 OSA often coexists with
systemic complications, such as abnormal glycometabolism, hy-
pertension, cardiovascular diseases, and sexual dysfunction.2e6

Epidemiological and clinical studies have shown that erectile
dysfunction (ED) shares similar comorbidities with OSA.7 A series
of studies conducted with sleep medical center patients as par-
ticipants have reported that the prevalence of ED in patients with
OSA ranges from 41% to 80%.8e11 In a large population-based
cohort study, researchers found that people with OSA exhibited
an increased risk of ED; this study reported an ED incidence 9.44-
fold higher in the apnea cohort than that in the nonapnea
cohort.12 On the other hand, some studies have reported that
continuous positive airway pressure (CPAP) treatment of patients
with OSA elevated the serum levels of testosterone and amelio-
rated ED symptoms.13,14 In rodent studies, both spontaneous and
contact sexual activity in the mice were suppressed after chronic
intermittent hypoxia (CIH), modeling human OSA.15 In addi-
tion, CIH markedly attenuated intracavernous pressure by
decreasing the expression of constitutive nitric oxide synthase and
inducing apoptosis of penile endothelial cells.16

Nocturnal intermittent hypoxemia and its consequential
pathological changes in patients with OSA have been postulated
as the main mechanisms of systemic complications.17,18

Nocturnal hypoxemiaeassociated indexes, such as lowest
nocturnal pulse oxygen saturation (lowest SaO2), mean
nocturnal pulse oxygen saturation (mean SaO2), oxygen desa-
turation index (ODI), and the time spent with oxygen saturation
less than 90% (SIT90%), are frequently studied and of impor-
tance to the pathophysiological processes underlying
comorbidity.19e21 In a prospective cross-sectional study based on
patients with suspected OSA, Roland Popp et al22 reported that
both lowest SaO2 and mean SaO2 in normal erectile function
group were significantly higher than those in the group with
impaired erectile function. The mean SaO2 of patients under-
going polysomnography (PSG) for suspected OSA was
confirmed to be independently associated with ED.11 Additional
studies have reported that lowest SaO2 and ODI were signifi-
cantly correlated with ED.23,24 In a separate study, findings
demonstrated that patients with OSA and with an altered bul-
bocavernosus reflex presented a higher apnea-hypopnea index
(AHI) and SIT90% and a lower daytime SpO2.

10 Although there
is strong evidence that apnea and hypoxemia are significant risk
factors for ED in patients with OSA, the studies were limited in
part by the presentation of the relationship between traditional
20;8:36e44
indexes and erection function and the lack of integrated and
comprehensive analysis, specifically, because apnea events are not
always accompanied by a decline in nocturnal SpO2. Therefore, a
comprehensive measure of PSG data that combines apnea and
SpO2 should be developed to evaluate the coexistence of OSA
and ED. Addressing these gaps would be of clinical usefulness
because it is currently unclear which evaluation index acts as the
most useful guideline for standardizing medical care and
providing clinical treatment recommendations for ED in patients
with OSA. In addition, conflicting results have been reported.
The results of the study by Yung Jin Jeon et al showed that the
frequency of ED did not differ significantly according to OSA
severity, and there was no significant association of ED with
either the respiratory disorder index (RDI) or lowest SaO2.

25

Based on these considerations, we used comprehensive PSG
data in a large sample of patients suspected to have OSA to assess
whether those parameters including RDI (or AHI), lowest SaO2,
mean SaO2, SIT90%, ODI, obstructive apnea index (OAI),
maximum apnea time, microarousal index, oxygen reduction
frequency (ORF), maximum oxygen reduction (MOR), longest
oxygen reduction time (LORT), central apnea frequency, and
obstructive apnea frequency were related to ED. In addition, we
propose a new calculation method, the blood oxygen accumu-
lation distribution area index (BOADAI), which integrates the
information of apnea events and nocturnal hypoxemia to eval-
uate the association between OSA and ED.
MATERIALS AND METHODS

Study Population
In this study, we enrolled 551 male patients with suspected

OSA who were referred to the sleep medical center between July
2017 and March 2019. The suspicion of apnea was based on
clinical symptoms such as snoring, sleepiness, morning dry mouth,
and tiredness. A clinical questionnaire, physical measurements,
and PSG outcomes were obtained by 2 respiratory physicians; ED
was assessed by a urologist using the International Index of
Erectile Function-5 (IIEF-5). The exclusion criteria in our study
were as follows: (i) historical treatment for OSA, including CPAP
and uvulopalatopharyngoplasty (UPPP); (ii) patients had psychi-
atric disorders or were taking antipsychotics; (iii) not having sex
(in the past half year), or a patient was diagnosed with ED and had
previously taken medications (influencing erectile function) before
the present study; (iv) presence of endocrinological disorders other
than diabetes, such as hypogonadism, abnormal pituitary func-
tion, Cushing’s syndrome, and so forth; (v) neurological disorders
that induce ED or peripheral neuropathy; (vi) presence of non-
OSA sleep-disordered breathing conditions; (vii) malignancy



38 Zheng et al
(such as prostatic cancer) that could influence sexual function (eg,
cancer); and (viii) severe cardiac or pulmonary disease that pre-
vented the completion of PSG monitoring. All participants in this
study provided written informed consent. The institutional review
board of Ruijin Hospital, Shanghai Jiao Tong University School
of Medicine, approved this study (institutional review board
number 2018-[107]).
Clinical Questionnaire and Physical Measurements
The questionnaire in this study was divided into 2 parts: one

included full general conditions (age, disease duration, sleepiness,
frequency of urination and sweating at night, and so forth), life-
style (taking sleeping tablets regularly, cigarette smoking, alcohol
consumption, and so forth), and OSA-related medical history
(CPAP treatment, UPPP treatment, and so forth), and the other
one part included male sexual function, which contained sex-
related medical history (use of H2 and b-blocker drugs, history
of radical prostatectomy, and so forth) and IIEF-5 score (ED was
defined as an IIEF-5 score � 21). Daytime sleepiness was evalu-
ated by the Epworth Sleepiness Score (ESS).26,27 Complete
physical examination including height, weight, body mass index
(BMI), blood pressure, heart rate (HR), clubbing finger, cyano-
chroia (lips), and mouth opening were recorded by 2 respiratory
physicians. Clinically relevant comorbidities including hyperten-
sion, diabetes, cardiac and pulmonary disease, malignancy, psy-
chiatric and neurological disorders, endocrinological disorders, and
peripheral occlusive disease were assessed by interviewing partici-
pants or reviewing medical records.
PSG Measurements
All participants underwent standard PSG monitoring (ALICE

5; Philips Respironics, Pittsburgh, PA), including nose airflow
transducers, mouth thermocouple, dynamic pulse oxygen satura-
tion, dynamic electrocardiogram, thoraco-abdominal movement
by inductance plethysmography, genioglossus electromyogram,
electroencephalography, left and right electrooculogram, acoustic
sensor (snore), and body position. In accordance with the
American Academic Sleep Medicine criteria,28 respiratory and
apnea events (RDI, OAI, maximum apnea time, central apnea
frequency, and obstructive apnea frequency), nocturnal hypox-
emia (lowest SaO2, mean SaO2, SIT90%, ODI, ORF, MOR, and
LORT), sleep quality (total sleep time, rapid eye movement stage
sleep %, nonrapid eye movement stage sleep %, slow wave sleep
%, and micro-arousal index), and HR were automatically recorded
and proofread by an experienced respiratory physician.
Blood Oxygen Accumulation Distribution Area
Index

The photochemistry signals of oxygen saturation were recor-
ded automatically and translated into digital image signals (SpO2
curve) by dynamic oxygen monitoring embedded in the ALICE
5 PSG monitoring system (Figure 1A). To calculate the BOA-
DAI, as shown in Figure 1, B and C, we performed the following
steps: (i) the whole pulse oxygen saturation curves during sleep
time were automatically compressed into a fixed scale image by
using the Alice Sleep Wave software (an attached software of
ALICE PSG monitor; Figure 1B), and (ii) the distribution of the
oxygen saturation curves was outlined (turquoise curve in
Figure 1C) and calculated by using the Image Pro Plus software
(version 6.0; Media Cybernetics, Rockville, MD). To make each
case comparable, we normalized it by dividing the area by the
corresponding total sleep time.
Statistical Analysis
Continuously coded variables were reported as mean values and

standard deviation, or median values and quartiles, depending on
the data distribution which was tested by the Shapiro-Wilk test.
Categorical variables were presented as frequencies and pro-
portions. The statistical tests used to compare the ED and no-ED
groups included the Student’s t-test for difference in mean values;
Mann-Whitney U-test for skewed variables; Pearson chi-square
test, Mann-Whitney U-test, and Fisher’s exact test for difference
in frequencies and proportions. Pearson (R) and Spearman (Rho)
correlation coefficients were used to test the association between
different variables. In addition, the comparison of correlation
coefficients was performed using the Z statistic.

Because of the existence of a high correlation and multi-
collinearity between nocturnal oxygen saturation features, the
least absolute shrinkage and selection operator (LASSO) binary
logistic regression model was used to filter the optimal subset of
parameters of oxygen with nonzero coefficients using 10-fold
cross-validation. The mechanism of the LASSO method was to
introduce a tuning parameter to penalize the coefficient of var-
iables entered into the regression model to avoid the multi-
collinearity and overfitting problems.29 The “glmnet” package of
R 3.4.0 was used for LASSO binary logistic regression analysis.
Decision curve analysis (DCA) was conducted to evaluate the
clinical utility of the BOADAI and its associated models by
quantifying the net benefits at different threshold probabilities of
models. DCA is a method used for evaluating the clinical benefits
of an intervention across a range of patient preferences for
accepting risk of overtreatment and undertreatment to facilitate
decisions about intervention selection and use. In addition,
multiple DCA comparisons help to assess the superiority of the
model and the contribution of individual variables to the model.
In the DCA curve, the probability thresholds are shown on the
horizontal axis and the benefit score on the vertical axis. A curve
is drawn for each model or variables that might be taken to
establish a diagnosis. Another line is drawn to show what hap-
pens when no treatment is given, and another curve is drawn as if
all patients receive treatment irrespective of test results. For any
given patient’s probability threshold, the DCA distribution curve
with the highest benefit score at that threshold is the best choice.

Statistical analyses were carried out on SPSS software (version
25.0; International Business Machines Corporation, Armonk,
NY; used for Shapiro-Wilk test, Student’s t-test, Mann-Whitney
Sex Med 2020;8:36e44



Figure 1. Workflow of Blood oxygen accumulation distribution area index (BOADAI). (A) The photochemistry signals of oxygen saturation
were recorded automatically and translated into digital image signals (SpO2 curve); (B) Step 1, the whole pulse oxygen saturation curves
during the sleep time were automatically compressed into a fixed scale image; (C) Step 2, The oxygen saturation curves distribution were
outlined (turquoise curve) and calculated by Image Pro Plus software; Time bar ¼ 30 min.
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U-test, Pearson chi-square test, and Fisher’s exact test in this
study), MedCalc (version 18.11.6; MedCalc Software, Ostend,
West Flanders, Belgium, used for Z statistic), R (version 3.4.0;
Microsoft, Redmond, WA, Pearson and Spearman correlation
coefficients analysis, correlation matrix analysis, and LASSO bi-
nary logistic regression model analysis in this study), and STATA
(version 15; StataCorp LLC, TX, DCA analysis). All tests in this
study were 2-sided, with the significance level set at 0.05 or less.
RESULTS

Subject Characteristics
Among the 551 patients admitted, 14 patients were excluded

from erectile function evaluation (3 patients who were not having
sex, 4 patients without historical treatment for OSA, 5 patients
diagnosed with ED who had previously taken medications, and 2
patients who underwent radical prostatectomy), 32 patients were
excluded because of the inability to complete the PSG test, 1 pa-
tient did not complete the clinical questionnaire, and 6 patients
refused to participate. Of the remaining 502 participants, 408
(81.27%) were diagnosed with OSA (RDI>5), and 325 (64.74%)
patients were diagnosed with ED (IIEF-5 < 22). Among the 408
patients with OSA, 81 (19.85%) had mild (RDI 5-15), 88
(21.57%) had moderate (RDI 15-30), and 239 (58.58%) had
severe (RDI < 30) apnea. Of the 325 patients with ED, 246
(75.69%) had mild (IIEF-5, 12-21), 46 (14.15%) had moderate
(IIEF-5, 8-11), and 33 (10.15%) had severe (IIEF-5, 5-7) ED.
Sexual Dysfunction and OSA-Related Parameters
Patients with or without ED differed with respect to age, ESS,

nocturia frequency, snore history, and apnea history (P < .05 or
less each, Table 1). The patients with ED also showed higher
frequencies of diabetes mellitus (6.21% vs 15.69%), systemic
hypertension (26.55% vs 52.92%), cigarette smoking (38.42%
Sex Med 2020;8:36e44
vs 52.62%), alcohol consumption (19.77% vs 40.31%), cya-
nochroia (16.38% vs 50.15%), and clubbing finger (4.52% vs
21.54%; P < .05 or less each, Table 1). As implicated by PSG
results, the RDI, longest apnea, lowest SaO2, mean SaO2, ODI,
ORF, MOR, SIT90, LORT, and BOADAI in the non-ED
group differed significantly from those in the ED groups
(P < .05 or less each, Table 2).
ED Frequencies According to the Presence of OSA
Patients in the OSA group showed higher frequencies of ED

(66.91%) than those in the non-OSA group (55.32%; Fisher’s
exact test, P ¼ .042, Table 3). However, the severity of ED in
this section was not associated with the presence of OSA as
defined by RDI (5 was served as the cutoff value; Mann-Whitney
U test, P ¼ .07, Table 3). We then analyzed the distribution
characteristics of ED, as shown in Table 3: among the 408 pa-
tients with OSA, 50.74% patients had mild, 9.8% had moderate,
and 10.15% had severe ED. In addition, both the non-OSA
group and all participants showed the highest frequency of
mild ED (41.49% and 49%, respectively). On the other hand,
patients in the OSA group showed higher frequencies of systemic
hypertension and higher BMI than those in the non-OSA group
(Supplementary Table S1).
Correlation Analysis Between OSA-Related
Parameters and IIEF-5

The correlations in the whole cohort were significantly iden-
tified, although weak, between IIEF-5 and age (r ¼ e0.39,
P ¼ .0000), nocturia frequency (r ¼ e0.20, P ¼ .0000), ESS
(r ¼ e0.17, P ¼ .0001), snoring (r ¼ e0.24, P ¼ .0000), and
apnea history (r ¼ e0.27, P ¼ .0000; Supplementary Table S2).
However, the sweat frequency, BMI, and HR were not signifi-
cantly correlated with the IIEF-5 score (Supplementary



Table 1. Sexual dysfunction and OSA-related parameters (clinical questionnaire and physical measurements)

Variable Overall (N ¼ 502) No ED (N ¼ 177) ED (N ¼ 325) P value

Age (year)‡ 43.74 ± 10.87 39.21 ± 9.15 46.21 ± 10.96 .0000*
BMI (kg/m2)‡ 26.58 ± 3.87 26.42 ± 3.55 26.66 ± 4.04 .4766NS

Heart rate (times/min)‡ 69.84 ± 10.86 70.41 ± 11.06 69.28 ± 10.66 .2737NS

ESS§ 11 (6, 14) 10 (5, 13) 11 (8, 15) .0019*
Nocturia frequency (times/night)§ 0 (0, 1) 0 (0, 1) 0 (0, 2) .0029*
Sweat frequency (times/week)§ 0 (0, 0) 0 (0, 0) 0 (0, 0) .2001NS

Snore history (years)§ 8 (3, 10) 5 (2, 10) 10 (5, 10) .0000*
Apnea history (years)§ 4 (1, 8) 2 (0, 6) 5 (2, 10) .0000*
Systemic hypertension† 219 (43.63%) 47 (26.55%) 172 (52.92%) .0000*
Diabetes mellitus† 62 (12.35%) 11 (6.21%) 51 (15.69%) .0033*
Cigarette smoking† 239 (47.61%) 68 (38.42%) 171 (52.62%) .0032*
Alcohol consumption† 131 (26.10%) 35 (19.77%) 131 (40.31%) .0230*
Cyanochroia (lips)† 192 (38.25%) 29 (16.38%) 163 (50.15%) .0000*
Clubbing finger† 78 (15.54%) 8 (4.52%) 70 (21.54%) .0000*

BMI ¼ body mass index; ED ¼ erectile dysfunction; ESS ¼ Epworth sleepiness score; NS ¼ not significant; OSA ¼ obstructive sleep apnea; SD ¼ standard
deviation.
Data are presented as mean ± SD, median (quartile) or %, unless otherwise stated. No ED international index of erectile function-5 � 22, ED international
index of erectile function-5 < 22.
*P value < 0.05 or less.
†Comparison between patients without and with ED by the Pearson Chi-square test.
‡Comparison between patients without and with ED by the unpaired t-test.
§Comparison between patients without and with ED by the Mann-Whitney U-test.
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Table S2). In terms of PSG variables, significant correlations
were found between IIEF-5 and RDI (r ¼ e0.13, P ¼ .0021),
central apnea (r ¼ e0.12, P ¼ .0063), longest apnea
(r ¼ e0.13, P ¼ .0084), mean SaO2 (r ¼ e0.17, P ¼ .0002),
lowest SaO2 (r ¼ 0.22, P ¼ .0000), ODI (r ¼ e0.15,
P ¼ .0008), ORF (r ¼ e0.17, P ¼ .0002), MOR (r ¼ e0.17,
P ¼ .0000), LORT (r ¼ e0.17, P ¼ .0001), SIT90 (r ¼ e0.15,
P ¼ .0005), and BOADAI (r ¼ e0.25, P ¼ .0000;
Supplementary Table S3). No correlation was found between
stage-related parameters, such as rapid eye movement stage sleep
%, nonrapid eye movement stage sleep %, and slow wave sleep
%, and IIEF-5 score (Supplementary Table S4).

To acquire more thorough cognition, a correlation matrix
analysis including apnea-hypoxiaerelated parameters and IIEF-5
was performed (Supplementary Figure 1). The main results of
the correlation matrix analysis are as follows: (i) From the ab-
solute value of the correlation coefficient, the correlation coeffi-
cient between the BOADAI and sexual function (IIEF-5) was the
highest. (ii) The correlation coefficient between the BOADAI
and IIEF-5 was significantly higher than the coefficients of most
apnea-related parameters such as LA, CA, OAI, and IIEF-5 (P <

.05 or less). However, there was no significant difference between
the correlation coefficient of BOADAI and IIEF-5 and the cor-
relation coefficients of hypoxia-related parameters (lowest SaO2,
MOR, mean SaO2, ORF, LORT, SIT90, and ODI) and IIEF-5
(P > .05). Interestingly, the coefficient between lowest SaO2 and
IIEF-5 showed no significant difference from the coefficient
between DRI and IIEF-5 (P > .05). These results supposed that
the 2 most commonly used indicators of PSG results (RDI and
lowest SaO2) have no significant difference in reflecting ED
conditions, but the new BOADAI can better reflect sexual
function than RDI. (iii) Stronger correlations were detected be-
tween the BOADAI and lowest SaO2 (r ¼ e0.69, P ¼ .0000)
and RDI (r ¼ 0.71, P ¼ .0000), which indicated that BOADAI
effectively integrated the information from apnea (RDI) and
hypoxia (lowest SaO2) events. (iv) The internal parameters of
PSG results showed a strong correlation, which indicated that
there is strong collinearity between these parameters. Therefore,
LASSO regression can be used as an effective method for variable
screening in this study.
Relationship Between BOADAI and ED
Supplementary Figure 2 A and B show, respectively, that as

the parameter log (l) changes from e10 to 0, the absolute values
of the coefficients of the variables shrink toward zero, and the
number of variables that enter into the model is also reduced.
When log (l.1SE) (�2.96) was selected as the optimal fit criteria,
nonzero coefficients were detected only in systemic hypertension
(coefficient ¼ 0.2252), cyanochroia (coefficient ¼ 0.7712), age
(coefficient ¼ 0.0254), and BOADAI (coefficient ¼ 0.0876),
whereas coefficients of lowest SaO2 and apnea-hypoxiaerelated
parameters were reduced to zero in the LASSO logistic regression
model (Supplementary Table S5). Table 4 shows that systemic
hypertension (odds ratio [OR] ¼ 1.70, P ¼ .0190), cyanochroia
of the lips (OR ¼ 3.27, P ¼ .0000), older age (OR ¼ 1.04,
P ¼ .0000), and BOADAI value (OR ¼ 1.67, P ¼ .0290) were
independently associated with ED. In the DCA (Supplementary
Figure 3), both full (including hypertension, cyanochroia, age,
and BOADAI) and one-parameter models (BOADAI) showed a
Sex Med 2020;8:36e44



Table 2. Sexual dysfunction and OSA-related parameters (PSG measurements)

Variable Overall (N ¼ 502) No ED (N ¼ 177) ED (N ¼ 325) P value

Hypopnea (n)‡ 45 (15, 86) 36 (15, 75) 48 (15, 88) .1309NS

RDI‡ 27.9 (8.4, 57.4) 19.1 (6.8, 52.9) 31.6 (10, 58.5) .0324*
OAI‡ 2.5 (0.7, 8.4) 2.1 (0.5, 8.5) 2.9 (0.8, 8.3) .2166NS

Longest apnea (s)‡ 49.5 (29.5, 65) 41.5 (23, 63.5) 52 (32.5, 66.5) .0359*
Micro-arousal index (MI)‡ 22.4 (12.5, 43.5) 20.9 (11.4, 40.8) 23.6 (13.3, 45.8) .0977NS

SaO2, lowest (%)‡ 81 (68, 88) 84 (74, 89) 79 (66, 86) .0000*
SaO2, mean (%)‡ 95 (93, 96) 95 (93, 96) 95 (93, 96) .0184*
ODI (/h)‡ 26.1 (7.2, 56.9) 16.4 (5.2, 53.6) 28.9 (8.8, 58.2) .0103*
ORF (/h)‡ 10.2 (2.7, 30.4) 6.6 (1.7, 24.4) 12.2 (3.6, 31) .0053*
BOADAI (/min)‡ 6.7 (5.9, 7.4) 6.3 (5.5, 7.2) 6.9 (6.1, 7.6) .0000*
MOR %‡ 16 (9, 28.8) 14.0 (7, 25) 17 (10, 31) .0030*
SIT90‡ 3.1 (0.2, 21.4) 1.4 (0, 18.1) 4 (0.3, 23.2) .0053*
Total sleep time (min)† 270.4 ± 76.24 276.54 ± 69.40 276.02 ± 79.62 .1648NS

REM/sleep period time (%)‡ 8.8 (2.6, 16.3) 8.6 (3.1, 16.2) 8.8 (2.2, 16.5) .9735NS

NREM/sleep period time (%)‡ 90.8 (83, 97.3) 91.2 (83.3, 96.8) 90.5 (81.9, 97.6) .9817NS

SWS/sleep period time (%)‡ 13.9 (5.6, 23.5) 13.7 (6.1, 22.3) 13.9 (5.4, 24.1) .9956NS

Heart rate (times/min)† 69.36 ± 12.98 69.80 ± 14.40 69.12 ± 12.16 .5950NS

LORT (s)‡ 52 (40, 71) 49 (38, 62) 54 (42, 73) .0036*

BOADAI ¼ blood oxygen accumulation distribution area index; ED ¼ erectile dysfunction; LORT ¼ longest oxygen reduction time; MOR ¼maximum oxygen
reduction; NREM ¼ no-rapid eye movement stage sleep; NS ¼ not significant; OAI ¼ obstructive apnea index; ODI ¼ oxygen decrease index; ORF ¼ oxygen
reduction frequency; OSA ¼ obstructive sleep apnea; PSG ¼ polysomnography; RDI ¼ respiratory disorder index; REM ¼ rapid eye movement stage sleep;
SIT90% ¼ oxygen saturation less than 90%; SWS ¼ slow wave sleep.
Data are presented as mean ± SD or median (quartile), unless otherwise stated. No ED international index of erectile function-5 � 22, ED international index
of erectile function-5 < 22.
*P value < 0.05 or less.
†Comparison between patients without and with ED by the unpaired t-test.
‡Comparison between patients without and with ED by the Mann-Whitney U-test.
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better cost-effectiveness than treating all and treating none, and
the full model exhibited an ideal net benefit.
DISCUSSION

This study demonstrated that the prevalence rate of ED in
patients with OSA was significantly higher than that of the
control group. Moreover, the severity of ED according to the
IIEF-5 was linked to nocturnal hypoxemia but not to apnea
frequency. Correlation matrix analysis and LASSO screening
results showed that the new BOADAI is most closely related to
ED in PSG indicators. In addition, binary logistic regression
analyses confirmed established factors (including hypertension,
cyanochroia, and age) for sexual dysfunction but, most impor-
tantly, demonstrated that even in the presence of these risk
factors, the new BOADAI was independently associated with
ED. The likely reason that the BOADAI was superior to other
apnea/hypoxemia indicators, such as RDI and lowest SaO2, is
that the BOADAI not only effectively integrated the information
from apnea and hypoxia events but also showed a time accu-
mulation effect at the same time. Although RDI can reflect apnea
frequency and time accumulation effects, it does not effectively
indicate the degree of hypoxia. Similarly, the lowest SaO2 can
explain the degree of hypoxia well, but it does not reflect apnea
frequency or time effects.
Sex Med 2020;8:36e44
These results seem to have clinical usefulness because both the
BOADAI and its related model could act as guidelines for
standardizing medical care and providing clinical recommenda-
tions for the treatment of ED in patients with OSA. As depicted
in the DCA, the full BOADAI model performed better in terms
of cost-effectiveness than strategies according to which “treat no
patients” or “treat all patients” are screened for ED, when
examined within the threshold probability of 20% to 95%. Both
CPAP and UPPP treatment are effective ways to improve OSA
and its complications.30e33 Moreover, previous meta-analyses
have reported that CPAP as a treatment for patients with OSA
and coexisting ED is associated with a significant improvement
in sexual function in most of the studies.34 Therefore, the
BOADAI and its model may be important for guiding CPAP
treatment in patients with ED. In this study, systemic hyper-
tension was also independently associated with ED after adjust-
ing for multiple factors. Actually, systemic hypertension and ED
are closely intertwined diseases, as the arteriolar smooth muscle
cells of the corpora cavernosa are greatly associated with blood
pressure, and they share common risk factors such as athero-
sclerosis and vascular endothelial dysfunction.35e38 Reportedly,
the prevalence of ED was significantly higher for hypertensive
men than for normotensive men.39,40 Furthermore, antihyper-
tensive therapy for patients with hypertension and ED is an
important step in the effective management of patients with



Table 3. ED severity according to the presence of OSA

Variable No OSA (RDI < 5) OSA (RDI � 5) All patients P value

No ED 42 (44.68%) 135 (33.09%) 177 (35.26%)
ED† 52 (55.32%) 273 (66.91%) 325 (64.74%) .042*
Mild ED‡ 39 (41.49%) 207 (50.74%) 246 (49.00%) .106NS

Moderate ED‡ 6 (6.38%) 40 (9.8%) 46 (9.16%) .3NS

Severe ED‡ 7 (7.45%) 26 (6.37%) 33 (6.57%) .705NS

All patients§ 94 (100%) 408 (100%) 502 (100%) .07NS

ED ¼ erectile dysfunction; NS ¼ not significant; OSA ¼ obstructive sleep apnea; RDI ¼ respiratory disorder index.
Data are presented as frequency and %. No ED, international index of erectile function-5 � 22; ED, international index of erectile function-5 < 22.
*P value < 0.05 or less.
†Comparison between patients without and with OSA by the Fisher’s exact test.
‡Comparison between patients without and with ED by the Pearson chi-square test.
§Comparison between patients without and with OSA by the Mann-Whitney U-test.
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ED.41 However, from the perspective of this research, what we
need to pay attention to is that OSA and its nocturnal hypoxemia
are independent risk factors for hypertension.42,43 Therefore,
treatment of OSA not only can relieve hypertension and ED but
it may also prevent and treat ED during the treatment of hy-
pertension. Interestingly, to our knowledge, this is the first study
to report cyanochroia of the lips, a physical sign of hypoxaemia,44

as an independent risk factor for ED which further suggests that
hypoxia is closely related to ED. In addition, many studies have
investigated the underlying mechanisms of OSA triggering or
enhancing ED, most of them suggesting a dominant role of
CIH.16 In line with this, a previous study in as mice model to
determine the role of intermittent hypoxia for erectile function
showed that erection frequencies were significantly reduced by
CIH. Meanwhile, the expression intensity of endothelial nitric
oxide synthase in cavernous endothelial cells was decreased.15

The present findings are in agreement with some previous
studies, which reported that nocturnal hypoxemia was associated
with ED. The results from the study by Goncalves et al45 showed
that older age and nocturnal lowest SaO2, but not the RDI or
AHI, are the predictors of ED. Moreover, Budweiser et al11

found that mean SaO2 was independently correlated with ED
even in the presence of these confounding factors. On the other
hand, some studies reported that OSA or nocturnal hypoxemia
was not associated with ED.25,46 Yung et al25 analyzed data from
713 male patients who underwent full-night PSG monitoring
and found that the frequency of ED did not differ significantly
Table 4. Results of multivariate logistic regression analysis

Variable Odds ratio

Cyanochroia (lips) 3.27
Systemic hypertension 1.70
Age 1.04
BOADAI 1.67
Intercept 0.04

BOADAI ¼ blood oxygen accumulation distribution area index; CI ¼ confidenc
Akaike information criterion (AIC) ¼ 565.4, Bayesian information criterion (BIC
Log likelihood ¼ �277.71.
*P value < 0.05 or less.
according to OSA severity and there was no significant associa-
tion of ED with either the AHI or lowest SaO2. The possible
reasons for the discrepancies between our findings and some
previous studies are as follows: (i) The exclusion criteria were
different. For example, because not all asexual life is caused by
abnormal erectile function, we therefore excluded participants
who were sexually free for 6 months from the study, but Yang
et al.’s study research did not pay attention to or explain this
point; (ii) the clinical questionnaire, physical measurements, and
PSG outcomes in this study were obtained by respiratory phy-
sicians, and ED was assessed by urologists, which means that
more accurate and more reliable information can be extracted
from the data; (iii) the cultures of different ethnic groups have
different content and features. The Han people are relatively
conservative about sexual issues. Because the results of a meta-
analysis based on previous studies and animal experiments are
consistent with our report, we therefore believe that OSA and
nocturnal hypoxia are closely related to ED.

To our knowledge, this is the first study to integrate the in-
formation of apnea events and nocturnal hypoxemia based on
oxygen accumulation distribution area for evaluating the associ-
ation between OSA and ED. Our study has some strengths,
including objective PSG data rather than self-reported evalua-
tions and robust LASSO-Logistic regression model, increasing
the quality of the evidence. Meanwhile, our present study is not
devoid of limitations. First, this hospital-based observational
study lacked a community-based prospective design. Second,
95% CI P value

(2.02, 5.29) .0000*
(1.09, 2.66) .0190*
(1.02, 1.07) .0000*
(1.05, 2.65) .0290*
(0.01, 0.18) .0000*

e interval.
) ¼ 586.50, Pseudo R2 ¼ 0.1477.
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because this study was cross-sectional, temporality was unclear;
therefore, causality cannot be further inferred. However, it
should be noted that ED, as a special clinical symptom, seems
unlikely to cause OSA. In addition, this shortcoming does not
affect the importance of the BOADAI as a marker of undiag-
nosed ED risk factors for early intervention. Third, as ED
assessed by the IIEF-5 questionnaire is subjective and free,
further accurate and objective measures, such as nocturnal penile
tumescence and rigidity monitoring with RigiScan and penile
doppler ultrasonography,47 are needed to obtain more clinical
evidence. Finally, nearly 10% of participants were excluded
because of incomplete questionnaires or because they were un-
able to complete PSG monitoring, which would impair real-
world evidence and potentially increase the possibility of selec-
tion bias.
CONCLUSION

In conclusion, this study revealed novel evidence that OSA is
associated with ED. Meanwhile, higher BOADAI values, older
age, cyanochroia of the lips, and systemic hypertension status
emerged to be independently associated with ED, and they could
be considered as useful indicators to implement early clinical
preventive interventions in those male populations at risk of the
consequences from missing apnea-hypoxemia treatment and
effective blood pressure control. Further community-based pro-
spective cohort studies are needed to validate the relationship
between the BOADAI and ED. In addition, developing a
BOADAI computing module embedded in a PSG monitor
system will help to complement and refine the PSG report.
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