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Abstract

Background: It is difficult to diagnose hypogonadism because of the lack of objective assessments of erectile dysfunction (ED), which is caused
by hypogonadism.
Aim: To provide a new approach for diagnosing hypogonadism, this study evaluated the efficacy of nocturnal penile tumescence and rigidity
(NPTR) testing with RigiScan for patients with ED with and without hypogonadism.
Methods: From June 2021 to February 2023, 133 patients with ED (62 with hypogonadism and 71 without) underwent NPTR testing at the
Department of Andrology. A detailed history of all participants was obtained. All participants also underwent a physical examination, sex hormone
testing, and ultrasound examination of the cavernous vessels of the penis.
Outcomes: Patient characteristics, sex hormone serum levels, and RigiScan Plus data of NPTR testing of patients with ED were obtained and
evaluated.
Results: Between the groups, there were no significant differences in age, body mass index, or erectile function score or in the prevalence of
smoking, drinking, diabetes, hypertension, and hyperlipidemia. RigiScan data revealed differences in erection episodes per night, average event
rigidity, erection durations, and percentage of tumescence greater than baseline, which were significantly lower in the testosterone-deficient
group than in the normal testosterone group. The average event rigidity of the tip displayed the largest area under the curve value, with a
sensitivity of 67.6%, a specificity of 85.5%, and a cutoff value of 52.50.
Clinical Implications: Our findings may allow appropriate patients to receive testosterone replacement therapy, which has been shown to be
an effective treatment for hypogonadism.
Strengths and Limitations: This is the first study of its kind to perform a comprehensive review of the association between hypogonadism
and RigiScan parameters. This study was limited by its small sample size.
Conclusion: RigiScan parameters of patients with ED and testosterone deficiency were significantly lower than those of patients with normal
testosterone; therefore, RigiScan is useful for the differential diagnosis of patients with ED caused by hypogonadism.
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Introduction

Male hypogonadism is a common endocrine disorder
whereby the male gonads become less functional, resulting
in the reduced production of testosterone. Therefore, male
hypogonadism is also known as testosterone deficiency.
The main manifestations of male hypogonadism include
decreased sexual desire, erectile dysfunction (ED), and
reduced frequency of nocturnal erections. As a result of
low testosterone levels, patients with hypogonadism often
experience depression, fatigue, obesity, and other systemic
symptoms.1 Testosterone deficiency can be caused by many
factors. Primary hypogonadism is more common in patients
with Klinefelter’s syndrome and testicular dysplasia, whereas
secondary hypogonadism is more common in patients with
type 2 diabetes, metabolic syndrome, and any dysfunction
of the hypothalamic-pituitary-testis gonadal axis.2 The
diagnosis of hypogonadism mainly depends on the signs and
symptoms caused by low testosterone3 and is made when
the patient experiences >2 instances of significantly lower-
than-normal serum testosterone levels (8 nmol/L) during the
morning.4

At present, the diagnosis of ED must be made in combi-
nation with a comprehensive assessment of the medical his-
tory, physical examination, score on the 5-item International
Index of Erectile Function (IIEF-5), and sex hormone levels,5

which are difficult to quantify objectively. The development of
RigiScan has allowed this objective evidence to be obtained.
Various studies have shown that monitoring nocturnal penile
tumescence and rigidity (NPTR) plays an important role in
the diagnosis of male erectile function and is the gold standard
method for differentiating psychogenic and organic ED, with
sensitivity and specificity of 87% and 88%, respectively.6

Fisher et al7 first reported the association between nocturnal
erections and rapid eye movement sleep; they found that
men experienced 3 to 5 erections of varying degrees during
nighttime sleep. Based on these findings, NPTR was combined
with RigiScan to record the number and duration of erections
and the degree of penis tumescence and rigidity during the
nighttime sleep of patients to assess erectile function.

In 1997, Granata et al8 performed a study of the relation-
ship between the nocturnal erections and testosterone levels of
men and found that the number of nocturnal erections and the
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tumescence and rigidity of the penis were significantly lower in
men with lower testosterone levels than in controls. However,
Buena et al9 found that when testosterone levels were within
the normal range, there was no significant difference in the
number of nocturnal erections and their tumescence, rigidity,
and duration among male patients with different testosterone
levels. As such, NPTR is an important test for the diagnosis
of ED, and it can reflect, to a certain extent, the difference in
erectile function between patients with testosterone deficiency
and those with normal testosterone, thereby improving the
diagnosis rate of male hypogonadism.

The primary aim of this study was to evaluate the effect
of testosterone levels on RigiScan parameters in patients with
ED. The secondary aim was to identify the specific differences
in RigiScan parameters between patients with ED who have
normal and abnormal testosterone.

Methods

A total of 133 patients with ED (IIEF-5 score <21) were
enrolled in the study from June 2021 to February 2023 at the
Department of Andrology. All the patients signed the informed
consent form. The study was approved by our center’s insti-
tutional review board. A detailed history was taken from all
patients, who also underwent physical examination, sex hor-
mone level testing, ultrasound of the cavernous vessels of the
penis, and NPTR testing. Patients with penile abnormalities,
penile vascular injury, nerve injury, and serious psychological
problems were excluded from the study.

Serum levels of sex hormones (chemiluminescence immunoas-
say), including testosterone, estradiol, prolactin, and luteiniz-
ing hormone, were measured in all patients on an empty stom-
ach and in the morning after fasting (between 7 and 11 am).
Among them, 62 patients with testosterone levels <8 nmol/L
underwent repeated serum testosterone measurements to
confirm testosterone deficiency. These patients composed
the testosterone-deficient group. Inclusion criteria were as
follows: testosterone deficiency (testosterone <8 nmol/L),
IIEF-5 score ≤21, age >22 years but <70 years, participation
in a stable heterosexual relationship for ≥3 months, consent to
at least 4 attempts of sexual intercourse every 4 weeks during
the trial, and no organic lesions that led to ED (eg, penile
abnormalities, penile vascular injury, nerve injury, and serious
psychological problem). The remaining 71 patients with
normal testosterone levels composed the normal testosterone
group. Inclusion criteria were as follows: no testosterone
deficiency (>8 nmol/L), IIEF-5 score ≤21, age >22 years but
<70 years, participation in a stable heterosexual relationship
≥3 months, consent to at least 4 attempts of sexual intercourse
every 4 weeks during the trial, and no organic lesions that led
to ED (eg, penile abnormalities, penile vascular injury, nerve
injury, and serious psychological problem).

The RigiScan Plus instrument (GOTOP Medicine) was used
for NPTR testing of both groups in the hospital under the
same conditions. All patients underwent NPTR testing for
at least 2 nights (starting at 10 pm and ending at 7 am
the next day) based on the premise that their sleep quality
was guaranteed. The following RigiScan data were collected
for analysis: the number of nocturnal erections and average
event rigidity, duration of erections ≥60% (minutes), baseline
circumference (centimeters), average event tumescence (cen-
timeters), and event tumescence of the tip and base greater
than baseline (percentage).

Data analysis was performed with SPSS software version
26.0 (IBM Corp). Independent variables (smoking, drinking,
diabetes, hypertension, and hyperlipidemia) were analyzed by
the chi-square test or Fisher’s exact chi-square test. Measure-
ment data are expressed as mean and SD. The measurement
data of all participants were tested for normality and homo-
geneity of variance (age, body mass index [BMI], IIEF-5 score,
libido score, medical history, sex hormone levels, and RigiScan
data). Independent sample Student’s t-tests were performed on
data conforming to normality. Nonnormal data are expressed
as median (IQR), and comparisons were performed with
nonparametric tests. P < .05 indicated a statistically signifi-
cant difference. Receiver operating characteristic analysis was
performed on RigiScan data to determine the cutoff values,
sensitivity, and specificity of relevant variables.

Results

Table 1 shows the baseline characteristics of the patients
included in this study. No significant differences were
observed in age (mean ± SD; 32.90 ± 7.38 vs 34.65 ± 8.57
years), medical history (7.72 ± 4.88 vs 7.27 ± 5.71 months),
BMI (23.50 ± 2.53 vs 24.20 ± 3.04 kg/m2), and IIEF-5
score (11.89 ± 4.10 vs 11.16 ± 3.83) between the normal
testosterone and testosterone-deficient groups, respectively.
Additionally, there were no statistically significant differences
in other factors that can affect erectile function, such
as smoking, drinking, diabetes, hypertension, and hyper-
lipidemia (P > .05). However, the sexual desire scores of
the normal testosterone and testosterone-deficient groups
were significantly different (6.30 ± 1.31 and 3.77 ± 1.17,
respectively; P < .001).

Table 2 shows the serum levels of sex hormones in the 2
groups. The mean testosterone level in the normal testos-
terone group was 15.29 ± 4.55 nmol/L, whereas that of the
testosterone-deficient group was 6.99 ± 1.76 nmol/L, showing
a significant statistical difference (P < .001). Estradiol lev-
els were also significantly higher in the normal testosterone
group (145.64 ± 41.88 pmol/L) vs the testosterone-deficient
group (131.15 ± 40.16 pmol/L, P = .044). In addition, we
compared the proportion of testosterone to estradiol of the
normal testosterone group (0.111 ± 0.039) with that of the
testosterone-deficient group (0.058 ± 0.026, P < .001). There
were no differences in the luteinizing hormone or prolactin
levels between the groups.

Table 3 shows the RigiScan data of patients in the 2 groups
after NPTR testing. There were no significant differences in
the baseline circumferences of the penile tip and base between
the groups. The number of nocturnal erections of the nor-
mal testosterone group was 5.13 ± 1.80, which was greater
than that of the testosterone-deficient group (3.79 ± 2.03,
P < .001). The average event rigidity, duration of erections,
and tumescence greater than the baseline of the tip and base
were all significantly higher in the normal testosterone group
than the testosterone-deficient group.

The results of the receiver operating characteristic analysis
of the RigiScan data are shown in Table 4. The clinical
application value of RigiScan parameters for predicting
hypogonadism in patients was determined according to the
cutoff value, sensitivity, specificity, and area under the curve
of each variable. According to the results of these analyses,
the average event rigidity of the tip had the highest diagnostic
value for hypogonadism, with an area under the curve of 0.83
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Table 1. Characteristics of patients with erectile dysfunction.

Patients, mean ± SD or No.

Normal testosterone
(n = 71)

Testosterone deficient
(n = 62)

P value

Age, y 32.90 ± 7.38 34.65 ± 8.57 .210
BMI, kg/m2 23.50 ± 2.53 24.20 ± 3.04 .149
IIEF-5 score 11.89 ± 4.10 11.16 ± 3.83 .295
Libido score 6.30 ± 1.31 3.77 ± 1.17 <.001
History, mo 7.72 ± 4.88 7.27 ± 5.71 .629
Smoking .875

Yes 11 9
No 60 53

Drinking .787
Yes 18 17
No 53 45

Diabetes .892
Yes 5 4
No 66 58

Hypertension .700
Yes 9 9
No 62 51

Hyperlipidemia .406
Yes 13 15
No 58 47

Abbreviations: BMI, body mass index; IIEF-5, 5-item International Index of Erectile Function.

Table 2. Serum levels of sex hormones in patients with erectile dysfunction.

Serum levels, mean ± SD

Normal testosterone
(n = 71)

Testosterone deficient
(n = 62)

P value

TT, nmol/L 15.29 ± 4.55 6.99 ± 1.76 <.001
E2, pmol/L 145.64 ± 41.88 131.15 ± 40.16 .044
TT/E2 0.111 ± 0.039 0.058 ± 0.026 <.001
PRL, mIU/L 157.82 ± 64.54 175.13 ± 60.93 .118
LH, IU/L 3.74 ± 1.61 3.37 ± 1.84 .218
IGF-1 166.67 ± 35.53 180.68 ± 40.92 .151

Abbreviations: E2, estradiol; IGF-1, insulin-like growth factor 1; LH, luteinizing hormone; PRL, prolactin; TT, testosterone.

Table 3. RigiScan Plus data from nocturnal penile tumescence and rigidity testing.

RigiScan Plus data, mean ± SD

Normal testosterone
(n = 71)

Testosterone deficient
(n = 62)

P value

Erection episodes/night 5.13 ± 1.80 3.79 ± 2.03 <.001
Tip

Average event rigidity,% 57.55 ± 11.28 39.42 ± 16.38 <.001
Duration of erections ≥60%, min 12.00(14.0) 3.00(4.3) <.001
Baseline circumference, cm 5.71 ± 0.57 5.80 ± 0.71 .388
Event tumescence, cm 7.80 ± 1.15 7.11 ± 2.32 .035
Event tumescence >baseline, % 37.41 ± 14.12 29.77 ± 14.99 .003

Base
Average event rigidity,% 54.10 ± 9.94 39.44 ± 17.34 <.001
Duration of erections ≥60%, min 7.50 ± 14.5 2.25 ± 5.5 <.001
Baseline circumference, cm 6.04 ± 0.55 6.19 ± 0.67 .157
Event tumescence, cm 8.44 ± 1.02 7.75 ± 2.33 .035
Event tumescence >baseline, % 40.37 ± 11.25 33.05 ± 14.66 .001
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Table 4. Receiver operating characteristic analysis of RigiScan data.

Cutoff value Area under the curve Sensitivity, % Specificity, %

Erectile episodes/night 4.0 0.67 81.7 43.5
Average event rigidity, %

Tip 52.50 0.83 67.6 85.5
Base 49.50 0.77 70.4 75.8

Duration of erections ≥60%,
min

Tip 6.25 0.75 66.2 77.4
Base 3.25 0.76 77.5 69.4

Event tumescence >baseline, %
Tip 19.5 0.63 95.8 29.0
Base 39.5 0.67 51.7 75.3

Figure 1. The ROC curve of RigiScan parameter.

(Figure 1). When the cutoff value was 52.50, the sensitivity
was 67.6% and the specificity was 85.5%.

Discussion

Male ED is a common disease that affects the quality
of life of patients. This condition, which mainly affects
middle-aged and older men, is also becoming increasingly
common in young individuals.10 The incidence of ED among
men aged >40 years can reach 9%11; however, this incidence
ranges from 20% to 40% among men aged >60 years. Since
the efficacy of phosphodiesterase 5 (PDE-5) inhibitors for
the treatment of ED has been discovered, these drugs have
been widely used. A previous study showed that the clinical
effectiveness rate of PDE-5 inhibitors is approximately 70%.
Yet, for many patients, the use of PDE-5 inhibitors alone does
not achieve satisfactory results; therefore, further research of
the diagnosis and treatment of this condition is required.

The causes of ED in men are complex. Common causes
are nerve injury, endocrine abnormalities (eg, hypogonadism,
diabetes, and hyperprolactin), vasogenic (eg, hypertension,
hyperlipidemia, diabetes and other causes of microvascu-
lar lesions, and arteriovenous fistula), drug use (eg, antihy-
pertensive drugs, antiandrogenic drugs, and sedatives), and
lifestyle factors (eg, smoking and drinking).12 No patients
with arteriovenous fistula or nerve injury were included in
this study. The 2 groups of patients differed only in levels
of sex hormones and showed no differences in angiogenic,
lifestyle, or other factors. As such, the purpose of this study

was to investigate the association between testosterone levels
and RigiScan parameters.

ED caused by hypogonadism is the result of the abnor-
mal structure of erect penis tissue caused by testosterone
deficiency and the decreased expression of the nitric oxide
receptor, which leads to a reduction in the diastolic function of
penile vascular smooth muscle.13 In clinical practice, exoge-
nous testosterone supplements are therefore often adminis-
tered to restore normal testosterone levels and eliminate the
physiologic changes and clinical symptoms associated with
testosterone deficiency. In a number of experimental stud-
ies, testosterone replacement therapy has been proven to be
effective in improving the sexual desire and erectile function
in patients with hypogonadism. Snyder et al14 performed
testosterone supplementation for 790 patients aged >65 years
with hypogonadism, which increased the testosterone level
to that of healthy men aged 19 to 40 years. According to
sexual and physical function assessments and vitality tests,
sexual frequency, libido score, and erectile function were
significantly improved, and the increased testosterone levels
were associated with improvements in mood and depression.
Shamloul et al15 administered testosterone supplementation
to older male patients with partial androgen deficiency insen-
sitive to sildenafil, which resulted in significantly improved
IIEF-5 scores. Thus, the correct diagnosis of hypogonadism in
patients with ED allows testosterone supplementation to be
administered, which effectively improves their erectile func-
tion.

The diagnosis of hypogonadism requires >2 morning mea-
surements of serum testosterone <8 nmol/L and the presence
of ED, loss of libido, and other generalized symptoms asso-
ciated with low testosterone. The guidelines of the European
Society of Urology recommend that patients with ED undergo
morning laboratory tests to assess total testosterone, blood
glucose, and blood lipid levels after a detailed medical his-
tory has been obtained and after psychological and physical
assessments have been performed.16 Therefore, for patients
with ED and testosterone levels <8 nmol/L, further objective
assessments of erectile function would aid the diagnosis of
hypogonadism.

NPTR, as the preferred objective test for the assessment of
ED in patients, is the gold standard for distinguishing psy-
chogenic ED from organic ED. In combination with RigiScan
software, NPTR testing has a certain value in the identifica-
tion of arteriovenous17 and diabetic ED,18 exploring the influ-
ence of age on erectile function19 and evaluating the efficacy
of PDE-5 inhibitors for patients with ED.20 Evaluating the
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particular value of RigiScan for the diagnosis of andrologic
diseases may provide a basis for further treatment programs.

By comparing the differences in RigiScan parameters
between patients with ED caused by hypogonadism and
patients with ED and normal testosterone levels, this study
explored the association between testosterone levels and
RigiScan parameters and analyzed the application value of
RigiScan for diagnosing hypogonadism in patients with ED.

In the present study, all patients in the testosterone-deficient
group had testosterone levels <8 nmol/L and IIEF-5 scores
<21, with an average of 11.16 ± 3.83, meeting the require-
ments of preliminary diagnosis. According to the results of
NPTR, the patients in the testosterone-deficient group did
not reach the normal level of 4 to 6 erections per night for
>10 minutes.16 These findings were in line with the results of
IIEF-5 scores and confirmed the diagnosis. The IIEF-5 scores
of patients with ED and normal testosterone levels were all
<21 points, with an average of 11.89 ± 4.10, which was not
statistically different from that of the testosterone-deficient
group. The NPTR results of the normal testosterone group
were also consistent with the diagnosis of ED. To exclude the
influence of other factors on the NPTR results, we confirmed
that there were differences only in baseline sex hormone levels
and libido scores and no significant differences in baseline
data such as age, BMI, medical history, smoking, drinking, dia-
betes, hypertension, and hyperlipidemia between the groups.
The libido score is affected by testosterone levels but does
not affect nocturnal erections. After other influencing factors
were excluded, results of the RigiScan parameter comparison
revealed that the NPTR performance of patients with ED and
testosterone deficiency was inferior to that of patients with
ED and normal testosterone levels. Finally, patients with ED
and lower-than-normal testosterone levels had lower RigiScan
parameters than patients with normal testosterone levels.
Thus, testosterone levels can affect the NPTR test results of
patients with ED.

A receiver operating characteristic curve analysis of the
RigiScan data was conducted, and it revealed that RigiScan,
a noninvasive means of examination, had good value for
predicting hypogonadism. The average event rigidity of the
tip was the parameter with the highest diagnostic value, with
an area under the curve of 0.83. When the cutoff value
was 52.50, the sensitivity and specificity were 67.6% and
85.5%, respectively. This suggests that hypogonadism could
be excluded as the etiology of ED in patients whose average
event rigidity of the tip was >52.50. This result specifies and
standardizes the “ED symptoms” of hypogonadism, thereby
aiding the clinical diagnosis of this condition.

Interestingly, the average age of patients with hypogo-
nadism enrolled in our study was only 34 years. This average
age was different from that at the onset of hypogonadism.
As such, we further considered the reasons for this phe-
nomenon. Because of social factors, an increasing number
of young individuals have presented to our andrology out-
patient department; however, many elderly men with sec-
ondary hypogonadism caused by age often ignore their own
symptoms. These factors resulted in the low average age
of patients who presented to our andrology clinic. Regard-
ing the patients with hypogonadism who were included in
our study, we considered only the effects of testosterone
on their erections; we did not distinguish between primary
and secondary hypogonadism. Thus, a certain proportion
of young patients with primary hypogonadism were in the

testosterone-deficient group. These 2 factors led to some
population bias in our study. Even though strict inclusion
criteria were established and the influence of other factors on
erectile function was excluded as far as possible, the sample
size was small, resulting in limited statistical power. Therefore,
this study provides information that could be beneficial to the
further exploration of the application of RigiScan in the field
of andrology.

Conclusion

Monitoring NPTR via RigiScan can reflect the effect of testos-
terone levels on RigiScan parameters in patients with ED.
In addition, RigiScan parameters can distinguish the erectile
status of patients with ED as a result of hypogonadism and
those with normal testosterone to some extent, which has
a certain reference value for the differential diagnosis of
hypogonadism.
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