
INTRODUCTION

Erectile dysfunction (ED) is a frequent complication 
in men with end-stage renal disease (ESRD), and previ-
ous studies have reported that its prevalence reaches 
80% [1,2].

ED has a negative impact on the quality of life (QOL) 
of men with ESRD as well as in healthy men [3]. More 
severe ED is also associated with a lower QOL in men 
undergoing hemodialysis (HD) [4]. However, only 1% 
of men consult with their primary physician about 
erectile problems [5], despite ED being a potentially 
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treatable complication even in men undergoing dialysis 
[6]. Therefore, physicians are encouraged to proactively 
ask about patients’ sexual problems to improve their 
QOL. Because there are currently no robust indicators 
for severe ED, identifying these is crucial to provide 
appropriate treatment and eventually improve QOL in 
such men. Moreover, ED is a well-known predictor of 
future cardiovascular events [7] and symptoms of ED 
precede clinically overt cardiovascular disease (CVD) 
by 2 to 3 years [8,9]. Thus, investigating the pathogen-
esis of ED is also important.

Aortic calcification is one of the markers for ath-
erosclerosis and can be simply and quantitatively 
measured by computed tomography (CT) images [10,11]. 
Because accelerated atherosclerosis is a major compli-
cation in patients with ESRD [12], it plays an impor-
tant role in the pathogenesis of ED [13,14]. Therefore, 
we hypothesized that aortic calcification burden might 
be a useful indicator for severe ED in men undergoing 
dialysis.

The present study aimed to investigate the associa-
tion between aortic calcification burden and the sever-
ity of ED in men undergoing peritoneal dialysis (PD) 
and/or HD.

MATERIALS AND METHODS

1. Ethics statement
This study was conducted in accordance with the 

ethical standards of the Declaration of Helsinki and 
was approved by the ethics review board of Mutsu 
General Hospital (authorization number: H28-2). All 
participants provided written informed consent.

2. Patient selection
This cross-sectional study assessed 186 men undergo-

ing PD and/or HD between July 2016 and May 2018 at 
Mutsu General Hospital. Among the 186 men identi-
fied, 115 were excluded based on the following exclu-
sion criteria: (1) aged 75 years or older; (2) cognitive 
deficiency, inability to communicate, and/or blindness; 
(3) insufficient baseline information; and (4) refusal to 
participate in this study. Finally, 71 men undergoing 
PD and/or HD were included (Fig. 1).

3. Evaluation of variables
The following variables were analyzed: age, body 

mass index (BMI), hypertension (HTN), dyslipidemia, 
diabetes mellitus (DM), CVD, depression, laboratory 
values, cardio-ankle vascular index (CAVI), ankle-bra-
chial index (ABI), education level, marital status, smok-
ing status, current habitual drinking, and medications 
(i.e., β-blockers, calcium [Ca]-blockers, thiazide diuretics, 
spironolactone, methyldopa, clonidine, and antidepres-
sants). BMI was calculated as dry weight in kilograms 
divided by the square of height in meters. HTN was 
defined as taking antihypertensive medications and/or 
having a systolic blood pressure of ≥140 mmHg and/or 
a diastolic blood pressure of ≥90 mmHg. Dyslipidemia 
was defined as taking lipid lowering medications and/
or having a low-density lipoprotein (LDL) cholesterol 
of ≥140 mg/dL, a triglyceride concentration of ≥150 mg/
dL, and/or high-density lipoprotein cholesterol of <40 
mg/dL. DM was defined as taking glycemic control 
medications and/or having a history of type 2 DM. The 
following variables were measured as part of routine 
clinical examination: CAVI, ABI, and laboratory blood 
test, including serum hemoglobin, creatinine, albumin, 

75 years or older (n=69)
Cognitive deficiency, inability to
communicate, and/or blindness (n=25)
Insufficient baseline information (n=14)
Refused (n=7)

Mild/moderate ED
group
(n=25)

Severe ED
group
(n=46)

Included patients
(n=71)

Men undergoing
PD and/or HD

(n=186)

Excluded (n=115)

Fig. 1. Patient selection. The number 
of included and excluded patients is 
shown. PD: peritoneal dialysis, HD: he-
modialysis, ED: erectile dysfunction.
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Ca, inorganic phosphorus, intact parathyroid hormone 
(iPTH), total cholesterol, LDL cholesterol, and triglyc-
erides. Serum total testosterone was measured for re-
search purpose. Blood sampling was performed in the 
morning. Blood was drawn after 12 hours of fasting 
and serum was separated by centrifugation with 3,000 
rpm for 5 minutes. Laboratory values except for total 
testosterone were measured using an enzymatic assay 
with an automatic analyzer (BioMajesty 6070 G; Nihon 
denshi, Tokyo, Japan). Serum total testosterone was 
measured using chemiluminescent immunoassay. Ad-
justed Ca levels were calculated using Payne’s formula 
[15]. Self-reported depression was assessed using the vi-
tality questionnaire of the Short Form 36 Health Sur-
vey. Patients who had responses to the questionnaire 
such as “all of the time” or “most of the time” and who 
were taking antidepressants were considered as having 
depression [16]. CAVI and ABI were measured using 
the VaSera VS-1500A device (Fukuda Denshi Co., To-
kyo, Japan). The averages of right and left CAVI and 
ABI values were used for analyses.

4. Evaluation of erectile dysfunction
ED was assessed using the Sexual Health Inventory 

for Men (SHIM): a validated abbreviated version of 
the International Index of Erectile Function [17]. The 
SHIM scores are interpreted as follows: no ED (≥22), 
mild ED (17–21), moderate ED (8–16), and severe ED 
(≤7). Accordingly, men were divided into the mild/mod-
erate (SHIM score ≥8) and severe ED groups (SHIM 
score ≤7) (Fig. 1).

5. Measurement of aortic calcification index
Aortic calcification index (ACI) was examined as a 

clinical indicator of abdominal aortic calcification. ACI 
was quantitatively measured using abdominal CT im-
ages (Revolution EVO; GE Healthcare Japan, Tokyo, 
Japan) by evaluating 10 slices of the aorta scanned at 
10-mm intervals above the bifurcation of the common 
iliac arteries as previously described [18]. Each slice 
was divided into 12 sectors, and the numbers of sectors 
with calcification were counted. For example, if 8 out 
of 12 sectors were calcified in slice 1, this was scored as 
8/12=66.7% (Fig. 2). The ACI (%) was calculated by av-
eraging the percentage of calcification-positive sectors 
in slices 1–10. ACI was measured by a single investiga-
tor in a blinded manner. All abdominal CT examina-
tions were performed as an annual routine screening 

for renal cell carcinoma within 6 months before or af-
ter evaluating the SHIM score.

6. Statistical analysis
Statistical analyses were performed using SPSS ver-

sion 24.0 (IBM Corp., Armonk, NY, USA), GraphPad 
Prism 5.03 (GraphPad Software, San Diego, CA, USA), 
and R 3.5.1 (The R Foundation for Statistical Comput-
ing, Vienna, Austria). Quantitative variables were ex-
pressed as median with interquartile range. Categori-
cal variables were compared using the Fisher exact 
test or chi-squared test. Quantitative variables were 
compared using the Mann–Whitney U-test. Correlation 
was analyzed using Spearman’s rank correlation coef-
ficient. The optimal cutoff value of ACI for severe ED 
was calculated with the receiver operating character-
istic curve. Uni- and multivariable logistic regression 
analyses were performed to identify the significant 
factors associated with severe ED. Since ABI and ACI 
are similar indices for evaluating atherosclerosis, we 
included these in multivariable regression models 
separately. Thus, two types of multivariable regression 
analyses were performed. Statistical significance was 
set at p<0.05.
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Fig. 2. Measurement of aortic calcification index (ACI). ACI was quan-
titatively measured using abdominal computed tomography images 
by evaluating 10 slices of the aorta scanned at 10-mm intervals above 
the bifurcation of the common iliac arteries. Each slice was divided 
into 12 sectors, and the numbers of sectors with calcification were 
counted. The ACI (%) was calculated by averaging the percentage of 
calcification-positive sectors in slices 1–10. The green area in the axial 
view indicates calcification. CP: calcification profile.
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RESULTS

1. Patient background
The median age and dialysis duration of the study 

participants were 64 years and 44 months, respectively. 
Among the 71 patients, 8 (11.3%), 60 (84.5%), and 3 (4.2%) 

were undergoing PD, HD, and a combination of once-
weekly HD with PD, respectively (Table 1).

Median SHIM score was 4.0. The prevalence of any 
level of ED was 100%. Of those, 25 (35.2%) and 46 (64.8%) 
patients reported mild/moderate (mild/moderate ED 
group) and severe ED (severe ED group), respectively 

Table 1. Patient background

Variable All (n=71) Mild/moderate ED group (n=25) Severe ED group (n=46) p-value

Age, y 64 (55–66) 58 (46–65) 65 (58–67) 0.009
Body mass index, kg/m2 23 (20–28) 25 (20–29) 23 (20–25) 0.284
Hypertension 65 (91.5) 24 (96.0) 41 (89.1) 0.414
Dyslipidemia 46 (64.8) 15 (60.0) 31 (67.4) 0.533
Diabetes mellitus 42 (59.2) 16 (64.0) 26 (56.5) 0.540
Cardiovascular disease 24 (33.8) 7 (28.0) 17 (37.0) 0.446
Depression 4 (5.6) 1 (4.0) 3 (6.5) >0.999
Type of dialysis 0.746
    PD 8 (11.3) 4 (16.0) 4 (8.7)
    HD 60 (84.5) 20 (80.0) 40 (87.0)
    Combination of PD and HD 3 (4.2) 1 (4.0) 2 (4.3)
Duration of dialysis, mo 44 (11–86) 26 (4–74) 53 (14–102) 0.079
Medications
    β-blockers 30 (42.3) 11 (44.0) 19 (41.3) 0.826
    Calcium-blockers 28 (39.4) 12 (48.0) 16 (34.8) 0.276
    Thiazide diuretics 1 (1.4) 0 (0.0) 1 (2.2) >0.999
Laboratory blood test
    Hemoglobin, g/dL 12 (11–13) 12 (11–13) 12 (10–12) 0.427
    Creatinine, mg/dL 11 (9.2–13.0) 11 (9.5–13.0) 11 (8.8–13.0) 0.923
    Phosphorus, mg/dL 4.6 (3.9–5.8) 5.1 (4.3–6.9) 4.2 (3.7–5.6) 0.056
    Adjusted calcium, mg/dL 8.8 (8.3–9.2) 8.7 (8.2–9.1) 8.8 (8.4–9.4) 0.235
    iPTH, pg/mL 125 (78–214) 147 (90–244) 106 (63–189) 0.043
    Total cholesterol, mg/dL 148 (123–196) 152 (133–189) 148 (111–207) 0.805
    LDL-cholesterol, mg/dL 68 (50–95) 65 (50–92) 68 (55–96) 0.466
    Triglyceride, mg/dL 137 (103–173) 171 (110–174) 118 (92–141) 0.211
    Testosterone, ng/dL 420 (221–561) 281 (229–523) 467 (220–581) 0.190
Smoking status >0.999
    Never 15 (21.1) 5 (20.0) 10 (21.7)
    Former 44 (62.0) 16 (64.0) 28 (60.9)
    Current 12 (16.9) 4 (16.0) 8 (17.4)
Current habitual drinking 18 (25.4) 5 (20.0) 13 (28.3) 0.572
Post-high school education 47 (66.2) 17 (68.0) 30 (65.2) 0.813
Having current sexual partner 40 (56.3) 14 (56.0) 26 (56.5) 0.966
Cardio-ankle vascular index 9.6 (8.3–11.0) 8.7 (8.1–11.0) 9.8 (8.9–11.0) 0.088
Ankle-brachial index 1.1 (0.9–1.1) 1.1 (1.0–1.2) 1.0 (0.9–1.1) 0.087
Aortic calcification index, % 61 (28–85) 28 (10–75) 70 (37–90) <0.001
SHIM score 4 (1–11) 14 (11–19) 2 (1–4) <0.001

Values are presented as median (interquartile range) or number (%).
ED: erectile dysfunction, PD: peritoneal dialysis, HD: hemodialysis, iPTH: intact parathyroid hormone, LDL: low-density lipoprotein, SHIM: sexual 
health inventory for men.
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(Fig. 1). No patient received any type of treatment for 
ED at the time of investigation.

No significant differences in patient background 
were observed between both groups except for age, 
iPTH, and ACI (Table 1). No patients were taking spi-
ronolactone, methyldopa, or clonidine in both groups.

2. �Correlation between aortic calcification 
index and SHIM score

Spearman’s rank correlation test demonstrated a sig-
nificant negative correlation between SHIM scores and 
ACI (ρ=−0.304, p=0.010; Fig. 3A) and between SHIM 
scores and CAVI (ρ=−0.241, p=0.043; Fig. 3B). On the 
other hand, no significant correlation was observed be-
tween SHIM scores and ABI (ρ=0.191, p=0.113; Fig. 3C).

3. �Association between aortic calcification 
index and the severity of erectile 
dysfunction

The median ACI in all patients was 61% (Table 1, Fig. 
4A). The severe ED group had significantly higher ACI 
than the mild/moderate ED group (Table 1, Fig. 4A; 
70% vs. 28%, respectively, p<0.001). When we focused on 
only patients undergoing HD (n=57), similar result was 
observed (62% vs. 52%, respectively, p=0.022; Supple-
ment Fig. 1).

The optimal cutoff value of ACI for severe ED was 
82% (Supplement Fig. 2); patients with ACI ≥82% had 
significantly higher prevalence of severe ED than those 
with ACI <82% (46% vs. 8.0%, respectively, p<0.001; Fig. 
4B).
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4. �Uni- and multivariable analyses for severe 
erectile dysfunction

In the univariable analyses, age, ABI, and ACI were 
significantly associated with severe ED (Table 2). In 
the multivariable analysis (Model 1; including ABI), a 
slight association was observed between ABI and se-
vere ED (odds ratio [OR], 0.058; 95% confidence interval 
[CI], 0.003–1.295; p=0.072; Table 3) and only age was 
significantly and independently associated with severe 
ED (OR, 1.072; 95% CI, 1.013–1.135; p=0.016; Table 3). In 
the multivariable analysis (Model 2; including ACI), 
only ACI was significantly and independently associ-
ated with severe ED (OR, 1.022; 95% CI, 1.003–1.041; 
p=0.022; Table 3). When we focused on only patients 
undergoing HD, only ACI was associated with severe 
ED (OR, 1.019; 95% CI, 1.000–1.039; p=0.050; Supplement 
Table 1).

DISCUSSION

Although accelerated atherosclerosis is a major com-
plication and plays an important role in the pathogen-
esis of ED in men undergoing dialysis [12-14,19], to the 
best of our knowledge, no study has investigated the 
impact of aortic calcification burden on the severity of 
ED, and this is the first study to investigate this asso-
ciation. We found that ACI was significantly associated 
with severe ED. Patients undergoing dialysis might be 

reticent to discuss their sexual problems with a phy-
sician and some patients perceive ED as part of the 
normal aging process rather than complication [14,20]. 
Thus, these results might be helpful for identifying 
and eventually treating men suffering from severe ED.

In the present study, we evaluated aortic calcification 
burden as a surrogate marker of atherosclerosis. Ideal-
ly, the condition of the internal pudendal artery should 
be evaluated because this artery is responsible for the 
arteriogenic ED [21]. However, it is difficult to evaluate 
atherosclerosis of the internal pudendal artery in clini-
cal practice because of its size [22]. Another alternative 
site is the coronary artery. Several studies reported a 
negative correlation between coronary artery calcifica-
tion burden and the International Index of Erectile 
Function 5 (IIEF-5) score without adjustment for other 
confounding variables in men undergoing HD [23,24]. 

Table 3. Multivariable analyses for severe erectile dysfunction

Model and variable Factor p-value
Odds 
ratio

95% 
confidence 

interval

Model 1
   Age Continuous 0.016 1.072 1.013–1.135
   Ankle-brachial index Continuous 0.072 0.058 0.003–1.295
Model 2
   Age Continuous 0.141 1.046 0.985–1.111
   Aortic calcification index Continuous 0.022 1.022 1.003–1.041

Table 2. Univariable analyses for severe erectile dysfunction

Variable Factor p-value Odds ratio 95% confidence interval

Age Continuous 0.013 1.072 1.015–1.132
Body mass index Continuous 0.491 0.971 0.893–1.056
Hypertension Positive 0.340 0.342 0.038–3.100
Dyslipidemia Positive 0.534 1.378 0.502–3.783
Diabetes mellitus Positive 0.541 0.731 0.268–1.994
Type of dialysis PD 0.359 0.500 0.114–2.200
Duration of dialysis Continuous 0.051 1.010 1.000–1.020

β-blockers Taking 0.826 0.896 0.335–2.396
Calcium-blockers Taking 0.278 0.578 0.214–1.558
Serum iPTH level Continuous 0.161 0.997 0.992–1.001
Serum testosterone level Continuous 0.176 1.002 0.999–1.005
Smoking status Current 0.786 1.000 0.999–1.001
Depression Positive 0.663 1.674 0.165–17.00
Cardio-ankle vascular index Continuous 0.257 1.183 0.885–1.581
Ankle-brachial index Continuous 0.049 0.045 0.002–0.987
Aortic calcification index Continuous 0.003 1.027 1.009–1.045

PD: peritoneal dialysis, iPTH: intact parathyroid hormone.
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However, it is also difficult to measure its calcification 
burden due to the facility restriction [22]. On the other 
hand, aortic calcification burden can be easily and 
quantitatively measured by general CT images [18]. It 
takes only 1 to 2 minutes to analyze a single subject. 
Because atherosclerosis theoretically affects all arteries 
at the same time to the same extent [25], it is reason-
able to measure aortic calcification burden as a surro-
gate marker of atherosclerosis of penile arteries. Other 
non-invasive surrogate markers of arteriosclerosis in-
clude the CAVI, ABI, and intima-media thickness (IMT) 
of carotid arteries. Stolic and Bukumiric [26] reported a 
negative correlation between the IMT of carotid arter-
ies and IIEF-5 score in men undergoing HD. However, 
because they could not adjust for other confounding 
variables, the conclusion was not definitive. Regarding 
CAVI and ABI, these indices were not selected as inde-
pendent factors associated with severe ED in the pres-
ent study (Table 2, 3). Moreover, it was reported that 
accurate ABI values might not be obtained in cases 
with high arterial calcification burden [27]. Therefore, 
aortic calcification burden might be a better surrogate 
marker of atherosclerosis of the penile arteries, con-
sidering its correlation with the severity of ED, ease of 
measurement, and non-invasiveness. However, to our 
knowledge, no study has demonstrated the correlation 
between aortic calcification burden and penile artery 
calcification burden. Further studies are needed to ad-
dress this issue.

Although it is well-known that the pathogenesis of 
ED in men undergoing dialysis is multifactorial [2,5,28-
30], it remains unclear which factor has the great-
est contribution to the severity of ED. Collaborative 
Depression and Sexual Dysfunction in Hemodialysis 
Working Group [1] conducted a multinational cross-
sectional study with relatively larger sample size to 
identify correlates for severe ED in men undergoing 
HD. Age, HTN, DM, depression, endocrine abnormali-
ties, and unmarried status were found to be signifi-
cantly associated with severe ED in a multivariable 
model. However, they did not evaluate atherosclerosis, 
which may play a crucial role in the pathogenesis of 
ED in men undergoing dialysis [13,14]. Although many 
possible factors (i.e., age, HTN, dyslipidemia, DM, ane-
mia, mineral metabolism disorders, depression, serum 
testosterone level, smoking status, habitual drinking, 
marital status, and medications) were analyzed in the 
present study, only age and aortic calcification burden 

were significantly associated with severe ED. Those re-
sults suggest that arteriogenic factors might contribute 
more to severe ED than other factors in men undergo-
ing dialysis.

Vascular calcification has been historically classified 
as (1) tunica intima calcification associated with ath-
erosclerosis and (2) tunica media calcification mediated 
by a phenotypic change of vascular smooth muscle cells 
into bone forming cells and associated with disturbanc-
es in the metabolism of Ca, phosphorus, and vitamin D 
[31]. Tunica media calcification is particularly common 
in patients with ESRD [32,33]. Although we evaluated 
aortic calcification burden using CT images in the 
present study, CT is not sensitive enough to identify 
the exact location of calcification. Thus, we could not 
evaluate the association between the location of calcifi-
cation and the severity of ED. Further study is needed 
to address this issue.

The present study has several limitations. First, the 
cross-sectional study design does not allow the deter-
mination of cause-and-effect associations. Second, a 
relatively small number of men were enrolled, and the 
number of men undergoing PD was also small. Third, 
we did not evaluate the imbalance in the hypotha-
lamic–pituitary–gonadal axis, hyperprolactinemia, and 
zinc deficiency, which might increase the prevalence 
of ED in men undergoing dialysis [13,34]. Fourth, only 
a single examiner was tasked to measure all ACIs 
and the inter-observer agreement was not evaluated. 
Fifth, there were time lags between CT scan and ED 
evaluation using the SHIM. Therefore, the actual aor-
tic calcification burden might be changed at the time 
of investigation. Finally, we could not compare the 
aortic calcification burden between patients with and 
without ED because all patients had ED. Despite these 
limitations, the present study demonstrated a negative 
impact of aortic calcification burden on the severity of 
ED in men undergoing dialysis.

CONCLUSIONS

Aortic calcification burden was independently associ-
ated with severe ED. This result might be helpful for 
clinicians to identify and eventually treat men suffer-
ing from severe ED.
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