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A B S T R A C T

Background: Erectile dysfunction is one of the common complications of testicular cancer with a prevalence of
11.3%–84%. It has devastating effects on men and their partner's quality of life, sexual satisfaction, and sexual
experience. The findings of the previous studies on this matter were uneven and inconsistent. Therefore, this
systematic review and meta-analysis is conducted to acquire a more recent and comprehensive result.
Methods and materials: PubMed, Scopus, Goggle scholar, Science Direct, African Index Medicus, African Journal
online, EMBASE, and Cochrane Library databases were searched. All necessary data were extracted using a
standardized data extraction format. Data were analyzed using STATA 14 statistical software. A heterogeneity of
studies was assessed using the I2 statistics. Publication bias was checked by using a funnel plot and Egger's
regression test. A random-effects model was computed to estimate the pooled prevalence of erectile dysfunction.
Result: Fourteen full-text studies were included in this systematic review and meta-analysis. The pooled preva-
lence of erectile dysfunction among testicular cancer survivors was found to be 34.60% (95% CI: 25.89, 43.30 [I2

¼ 95.9% p ¼ 0.000]). Study design subgroup analysis indicated that the pooled prevalence of erectile dysfunction
was 50.02% (95% CI: 22.78, 77.28% [I2 ¼ 96.1 p ¼ 0.000]), and 27.36% (95% CI: 19.23, 34.48% [I2 ¼ 91.6, P ¼
0.000]) in the case-control and cohort studies, respectively. Likewise, the level of erectile dysfunction was varied
based on ED erectile dysfunction measuring tools and testicular cancer treatment modalities.
Conclusion: In this study erectile dysfunction was found to be a highly prevalent complication in testicular cancer
survivors. It had also causes of heterogeneity in terms of treatment modalities, study designs, and measuring tools.
Therefore prevention of this complication should be the concern of the responsible bodies.
1. Introduction

Testicular cancer (TC) is a malignant tumor of the male sex organ that
mainly affects reproductive age groups [1]. The global incidence of TC
showed a 1.80 doubling increase from 37,231 in 1990 to 66,833 new
cases in 2016 [2].

TC survivors are at a greater risk of reduced sexual interest, sexual
activity, sexual enjoyment, erectile dysfunction (ED), ejaculatory prob-
lems, increased sexual discomfort, and changes in body image than the
healthy male population [3]. It has a paramount and persistent impact on
a patient's sexuality due to its location and treatments [4].

ED is defined as the inability to obtain or maintain an erection firm
enough for sexual intercourse [5]. It may be provoked by the adverse
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effects of cancer treatment, such as fatigue, pain, or anxiety about cancer
therapy, and depressed moods about having cancer [5].

ED can be in the organic and/or psychogenic form [3]. Organic ED
results from the effects of radiotherapy and chemotherapy, whereas
psychogenic ED is associated with changes in body image, loss of sense of
manliness after orchiectomy, reduced spirits of well-being, and other
psychosocial fluctuations associated with cancer [3].

ED is one of the common complications of TC with a prevalence of
11.3%–84%, according to different studies [3, 6]. It has devastating ef-
fects on men and their partner's quality of life, sexual satisfaction, and
sexual experience [7, 8]. Its impact is not only related to the sexual life of
the survivors, it rather comprises psychological, biological, relational,
and cultural elements of life [9].
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Figure 1. Flowchart of the selection of studies for a systematic review and meta-analysis of the prevalence of erectile dysfunction, 2020.
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Treatment modalities, psychological emotion, relationship, body
image, types of testicular cancer, patient age, and degree of ED before
starting cancer treatment are some of the determinants that affect the
erectile function of TC survivors [1, 5, 10, 11, 12, 13, 14, 15].

Nowadays, the prevalence of ED is increased due to the increment of
TC survivors and decrement of the mortality rate of patients with TC [2].
The progressively increasing number of survivors and succeeding
accomplishment of primary cancer treatments, cause specific complica-
tions that continue to affect cancer survivors negatively [4, 16].

However, the number of TC survivors is steadily increasing with
decreasing mortality rate and with the increment of complications,
including ED in the last two decades [2, 16]. The findings of the previous
studies on this matter were uneven and inconsistent. Hence, designed
and applied rationalized intervention for ED that currently exists in TC
survivors by using those fragmented study findings as evidence is not
acceptable.

Therefore, we decided to conduct a systematic review and meta-
analysis of the existing data to acquire a more recent and comprehen-
sive result. This evidence will give a new information for policy makers,
which enables them to design scientific directives to decrease the
magnitude of ED among TC survivors.

2. Methods

2.1. Protocol and registration

The findings of this review were reported according to the preferred
reporting item on the systematic review and meta-analysis statement
[17]. It is not registered in the Prospero database.

2.2. Eligibility criteria

The inclusion criteria were: 1. Any primary studies that clearly re-
ported the prevalence of ED among TC survivors, 2. Studies conducted
2

between 2001 and 2020, 3. Studies published in English, and 4. Studies
available at the electronic source before July 2020. On the other hand,
qualitative studies, citations without complete abstract and/or full text,
anonymous reports, editorials, conference presentations, letters, expert
opinions, case reports, and duplications were excluded.

2.3. Information source

PubMed, Scopus, Goggle scholar, Science Direct, African Index
Medicus, African Journal online, EMBASE, and Cochrane Library up to
July 2020. Furthermore, the reference lists of related papers were also
plaid to identify additional studies. In addition, articles with incomplete
data were accessed by communicating with the corresponding author.

2.4. Searching strategy

The main search terms and phrases were “prevalence,” “magnitude,”
“epidemiology,” “proportion,” “erectile dysfunction,” “sexual dysfunc-
tion,” “impotence,” “sexual disorder,” “testicular cancer,” and “testicular
tumor,” testicular neoplasm,” survivors,” patients.” “OR” and “AND”
were used discretely and together as Boolean operators.

2.5. Study selection

Saved studies were exported to reference manager software, Endnote
version 7, and to remove duplicate studies. Five independent reviewers
screened the title and abstract. The disagreement was handled based on
established article selection criteria. Five independent authors reviewed
the abstract and full text of the articles.

2.6. Data extraction

Data was extracted by adopting the Joanna Briggs Institute (JBI) data
extraction format [18]. Five authors (SK, YW, AS, EA, and MM)
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independently extracted all necessary data using this format. The data
extraction format included primary author, publication year, country,
region, measuring tool, study design, response rate, sample size, and
prevalence.

2.7. Outcome measurement

The outcome variable of study was ED in testicular cancer, which is
the inability to obtain or maintain an erection firm enough for sexual
intercourse, which was measured by different tools [5]. The pooled
prevalence was calculated by dividing the total number of ED in all re-
view studies to the total number of involved TC survivors in the study and
multiplying by 100 [19]. Erectile dysfunction ¼ (Number of erectile
dysfunction/number of participants) *100.

2.8. Quality assessment

The Newcastle-Ottawa Quality Assessment tool was used to check the
quality of studies in this review [20]. The assessment tool contains 1)
representativeness of the sample, 2) sample size, 3) non-respondents and
4) ascertainment of the exposure, 5) independent blind assessment, and
6) statistical test. Finally, based on this tool, an article with a scale of 6
out of 10 was considered as good quality.

Each original study was evaluated by five authors independently
using this tool. If there were disagreements between those five authors,
the consensus was reached by taking the mean score of the five authors.

2.9. Statistical analysis

Publication bias was checked by a funnel plot and more objectively
through Begg's and Egger's regression test [21]. Heterogeneity of studies
was quantified using the I-Squared Statistic, in which 25%, 50%, and
75% represented low, moderate, and high heterogeneity, respectively
[22, 23]. Pooled analysis was conducted using a weighted inverse vari-
ance random-effects model [24]. Subgroup analysis was done by treat-
ment modalities and ED measuring tools. Sensitivity analysis was
employed to see the effect of a single study on the overall estimation.
STATA version 14 statistical software was used for meta-analysis.

3. Results

3.1. Characteristics of reviewed studies

Originally, 82 records were collected in relation to ED in TC survivors
PubMed, Google scholar, Africa Index Medicus, Africa Journal Online,
EMBASE, and Science Direct databases. Twenty studies were investigated
from other sources. From these, 70 were not considered for further
evaluation as a result of duplication and title and abstract did not
appropriate search criteria. Of the 32 articles that remained, 11 were
excluded because they were out of scope. Therefore, 21 full-text articles
were retrieved and evaluated for eligibility based on the inclusion
criteria. Seven articles were excluded as a result of not fulfilling our in-
clusion criteria [1, 3, 4, 6, 10, 12, 14, 15, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37]. Finally, 14 studies that fulfilled the eligibility criteria
were included in the systematic review and meta-analysis (Figure 1).

Data for the 14 eligible studies were extracted and analyzed in this
study. The pooled prevalence of ED was estimated by using 7043 TC
survivors. Moreover, from 14 eligible studies, 2 were case control studies,
7 were cohort studies and 5 were conducted by cross-sectional study
designs (Table 1).

3.1.1. Quality appraisal
The Newcastle-Ottawa Scale quality appraisal criteria were used. The

studies included in this systematic review and meta-analysis had no low
quality. Therefore, all 14 studies were included (Table 2).



Table 2. Scoring of the quality of articles by authors using The Newcastle-Ottawa Quality Assessment tool.

Study Selection Comparability Outcome Total Score

Quality assessor Representativeness
of sample (*, *)

Sample size (*) Non
respondents (*)

Ascertainment
(**)

Study controls for
most important factor (*)

The study control
for any additional factor (*)

Assessment of
the outcome (*)

Statistical test (*)

Chirstopher kim et al. SK 0 1 1 1 1 1 1 1 7

YW 1 1 1 1 1 1 1 1

AS 0 1 1 1 1 1 2 1

EA 1 2 1 1 0 1 1 1

MM 1 1 1 1 1 1 1 1

Pawel Wiechno et al. SK 1 1 1 1 1 1 1 1 8

YW 1 1 1 1 1 1 1 1

AS 1 1 1 1 1 1 1 1

EA 1 1 1 1 1 1 1 1

MM 1 1 1 1 1 1 1 1

Rannan Tal et al SK 1 0 1 1 1 1 1 1 7

YW 0 1 1 1 1 1 1 1

AS 0 0 1 1 1 1 1 1

EA 1 1 1 1 1 1 1 1

MM 1 1 2 1 1 1 1 1

Ferancesco Pallotti et al. SK 1 1 1 1 1 1 1 1 8

YW 1 1 1 1 1 1 1 1

AS 1 1 1 1 1 1 1 1

EA 1 1 1 1 1 1 1 1

MM 1 1 1 1 1 1 1 1

Masahiro Kurobe et al. SK 1 1 1 1 1 1 1 0 7

YW 0 1 1 0 1 1 1 1

AS 1 1 1 1 1 1 1 0

EA 1 1 1 1 1 1 1 1

MM 1 0 1 1 1 1 1 1

Jakob E. Lackner et al SK 1 1 1 1 1 1 1 1 8

YW 1 1 1 1 1 1 1 1

AS 1 1 1 1 1 1 1 1

EA 1 1 1 1 1 1 1 1

MM 1 1 1 1 1 1 1 1

Alv A. Dahl et al SK 1 1 0 1 0 1 1 1 6

YW 1 1 0 1 1 1 1 1

AS 0 1 0 1 1 1 1 1

EA 1 1 1 0 1 1 1 1

MM 1 1 1 0 1 1 1 0

Gerald Puhse et al SK 1 1 0 1 1 1 1 1 6

YW 0 1 0 1 1 1 1 1

AS 1 1 0 1 1 0 1 1

EA 1 0 0 1 1 1 1 1

MM 1 1 0 1 1 1 1 0

(continued on next page)
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Table 2 (continued )

Study Selection Comparability Outcome Total Score

Quality assessor Representativeness
of sample (*, *)

Sample size (*) Non
respondents (*)

Ascertainment
(**)

Study controls for
most important factor (*)

The study control
for any additional factor (*)

Assessment of
the outcome (*)

Statistical test (*)

P. Rossen et al SK 1 1 0 1 1 1 1 1 7

YW 1 1 1 1 0 1 1 0

AS 1 1 1 0 1 1 1 1

EA 1 1 1 1 1 1 1 1

MM 1 1 1 1 1 1 1 1

Uros Bumbasirevic et al SK 1 1 0 1 1 1 1 1 7

YW 1 1 1 1 1 1 1 1

AS 1 1 0 1 1 1 1 1

EA 1 1 0 1 1 1 1 1

MM 1 1 1 1 1 1 1 1

K. Dimitropoulos et al SK 1 0 1 1 1 1 1 1 7

YW 1 1 1 1 1 1 1 1

AS 1 1 1 0 1 1 1 1

EA 1 1 1 1 1 1 1 0

MM 1 1 1 1 1 1 1 0

Paolo Capogrosso et al SK 1 0 0 1 1 1 1 1 6

YW 1 1 1 1 1 1 1 0

AS 1 0 1 1 1 1 0 1

EA 1 0 1 1 1 1 1 1

MM 1 1 0 1 1 1 1 0

Mikkel bandak et al SK 1 1 1 1 1 1 1 1 8

YW 1 1 1 1 1 1 1 1

AS 1 1 1 1 1 1 1 1

EA 1 1 1 1 1 1 1 1

MM 1 1 1 1 1 1 1 1

Sarah L. Kerns, et al SK 1 1 1 1 1 1 1 1 8

YW 1 1 1 1 1 1 1 1

AS 1 1 1 1 1 1 1 1

EA 1 1 1 1 1 1 1 1

MM 1 1 1 1 1 1 1
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Figure 2. Pooled prevalence of erectile dysfunction among testicular cancer survivors, 2020 (n ¼ 14).

Table 3. Subgroup analysis of prevalence of erectile dysfunction among testicular cancer survivors, 2020.

Variables Characteristics Estimates (95% CI) I2 tests with p-value

Study designs Case-control 50.02% (22.78%, 77.26%) 96.1%, P ¼ 0.000

Cohort 27.36% (19.23%, 35.48%) 91.6%, P ¼ 0.000

Cross-sectional 38.66% (19.82%, 57.51%) 97.4%, P ¼ 0.000

Treatment modalities Three treatments 45.46% (27.23%, 63.70%) 97.5%, P ¼ 0.000

Less three treatments 26.5% (20.29%, 32. 71%) 87.3%, P ¼ 0.000

Measuring tools IIEF 40.50% (25.42, 55.58) 97.5%, P ¼ 0.000

BMSFI 31.49% (22.48,40.50) 71.9%, P ¼ 0.06

Others 24.48% (18.30, 30.66) 74.7%, P ¼ 0.008

Others ¼ International Index of Erectile Function and Brief Sexual Function Inventory, European Organization for Research and Treatment of Cancer (EORTC QLQ-
PR25), nine-item generic questionnaire, and adverse health outcomes.

S. Kerie et al. Heliyon 7 (2021) e07479
3.2. Meta-analysis

3.2.1. Prevalence of erectile dysfunction
In this study, the pooled prevalence of ED among TC survivors was

found to be 34.60% (95% CI: 25. 89, 43.30%). Severe heterogeneity was
detected across the studies (I2 ¼ 95.9% and p ¼ 0.000) (Figure 2).
Table 4. Related factors with heterogeneity of erectile dysfunction prevalence
among testicular cancer survivors in the current meta-analysis, 2020.

Variables Coefficient P-value

Study design -18.72 (-57.72, 20.27) 0.300

Publication year .533 (-2.94, 4.01) 0.733

Sample size -.011 (-.035, .013) 0.340

Response rate .092 (-.879, 1.063) 0.833

6

3.2.2. Subgroup analysis
As a result of substantial heterogeneity, subgroup analysis was per-

formed based on the study design, treatment, and measuring tools. In this
respect, the prevalence was higher in the case control study, 50.02%
(95% CI: 22.78, 77.28 [I2 ¼ 96.1 and p ¼ 0.000]) than that of the cohort
study, 27.36% (95% CI: 19.23, 34.48 [I2 ¼ 91.6 and P ¼ 0.000]). The
prevalence of erectile dysfunction, which was measured by IIEF was
higher than the prevalence, which was measured by others. The preva-
lence of ED among those who were treated with three treatment mo-
dalities (radiation, surgery, and chemotherapy) was also higher than
those who were treated with less than three treatment modalities (sur-
gery and chemotherapy, chemotherapy and radiation, surgery and radi-
ation, surgery only, and chemotherapy only) (Table3).

A random-effects model was employed to estimate the pooled
prevalence of erectile dysfunction. Different factors associated with the
heterogeneity such as a study design, publication year, sample size, and



Figure 3. Funnel plot for publication bias, logprop, or lnp (log of proportion) represented in the X-Axis and standard error of log proportion in the Y-Axis.

S. Kerie et al. Heliyon 7 (2021) e07479
response rate were inspected using multivariate meta-regression
models. From these variables, none of them were statistically signifi-
cant (Table4).

3.2.2.1. Publication bias. A funnel plot showed asymmetrical distribu-
tion (Figure 3). The result of the Egger test was also statistically signifi-
cant with Bo ¼ 3.33 and p ¼ 0.000. To see publication bias further, trim
fill analysis was done and unpublished studies were not found.

3.2.2.2. Sensitivity analysis. Among all 14 reviewed studies in the cur-
rent analysis, no study had shown an impact on the overall estimation
(Figure 4).

4. Discussion

This meta-analysis showed that the pooled prevalence of ED among
TC survivors was 34.6%. This pooled prevalence of ED among TC sur-
vivors is higher than the studies conducted in London (8%) [35], China
(16.9%) [38], and Netherlands (11.5%) [39].

This discrepancy may be due to the age difference of study partici-
pants, the time of study, study design, types of TC (unilateral or bilateral),
and treatment modalities. A study conducted in London included only
Figure 4. The sensitivity analysis showed the pooled prevalence when the
studies were omitted step by step.

7

young men (16–39 years old). But the current study includes all age
groups and older age increases the prevalence of ED [5, 40]. In the case of
a study conducted in China, the study included only case-control studies
and patients experienced unilateral orchiectomy. Nevertheless, this sys-
tematic review and meta-analysis study includes any primary studies that
clearly reported the prevalence of ED among TC survivors and patients
underwent both unilateral orchiectomy and/or bilateral orchiectomy.
Evidence supported that bilateral orchiectomy associated with the
prevalence of ED in TC survivors due to complete cessation or very low
production of testosterone [31]. Moreover, the discrepancy between a
study conducted in Netherlands and this study may be due to the time
variation and the study design that was included in the systematic review
and meta-analysis. A study done in Netherlands was conducted before
two decades and included only cohort studies conducted from 1975 to
2000. But the current study includes all primary studies conducted from
2001 to 2020. In the last two decades, the survival rate of TC is highly
increased, this in turn increases the prevalence of ED in TC survivors due
to long effects of TC complications [30].

A subgroup analysis reveals that the prevalence of ED was 50.02% in
studies conducted in the control studies and the prevalence of ED was
27.36% in the cohort study. This showed that the significant heteroge-
neity of the prevalence of ED between study designs.

The inconsistency might be due to that unlike cohort study, in case
control study already confirmed case are identified and selected to
compare the level of exposure status with controls. Therefore, the prev-
alence of cases is expected to be high. Cases are purposely included in the
sample so that to be comparable with controls in their exposure status.
However, in cohort study, the researcher follows healthy individuals to
compare the number of case in exposed and unexposed group. Here cases
are those individuals who develop diseases during follow up period.
Therefore, it is expected cases in cohort study to be smaller than in case
control studies.

The heterogeneity of ED prevalence is also appreciated across treat-
ment modalities. The prevalence of ED was 45.46% among those who
were treated with three treatment modalities and the prevalence of ED
was 26.5% among those TC survivors treated with less than three treat-
ment modalities. This variance might be due to the synergistic effect of
three treatment modalities on erectile function. Evidence showed that
chemotherapy, surgery, and radiation can all cause a sexual antagonistic
effect by causing neuropathy, nerve disconnected, and interruption of
normal blood supply to maintain erection and vasculogenicity,
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respectively [3, 5]. The combination of these treatments has much more
negative effect on erection than treatments less than this combination.

The heterogeneity of ED prevalence is also seen across different
measurement tools. The prevalence of ED in the studies used IIEF as a
criterion tool, which was higher than other studies that used BMSFI and
other criterion tools. This might be due to the different cut points to
determine ED among tools. This finding is supported by a study con-
ducted in China [38].

In this study ED was found to be a highly prevalent complication in
testicular cancer survivors. It had also causes of heterogeneity in terms of
treatment modalities, study designs, and measuring tools. Therefore
prevention of this complication should be the concern of the responsible
bodies.

There were numerous limitations in our study. First, only English
articles or reports were included to carry out the analysis. Second, the
severity of ED was not described because data were unobtainable in most
of the studies. Third, the subgroup analysis based on age was not done
due to the lack of data in the included studies. Cofounders like stage are
not taken into account. Finally, all the studies were conducted in Europe
or America; the results may not be inferred to patients in Asia or Africa.
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