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Introduction

Erectile dysfunction (ED) is defined as the persistent 
inability to attain and maintain an erection sufficient to 
permit satisfactory sexual performance (1), which may affect 
physical and psychosocial health and have a significant 
influence on the quality of life (QoL) of sufferers and their 
partner’s (2). ED is a major sequela of end-stage renal 
disease (ESRD) that is often overlooked by providers. The 
metabolic, homeostatic, hormonal, cardiovascular, and 
neurologic physiology of ESRD can all lead to ED (3). A 

new study has reported that the prevalence of ED in ESRD 
patients, especially those on hemodialysis, is as high as 84%, 
which is higher than in the general population (4). 

Kidney transplantation has been widely recognized as 
the most effective treatment for ESRD. With the popularity 
and maturity of transplantation technology, the number 
of patients with ESRD receiving kidney transplantation 
has increased year by year. And the survival time of kidney 
transplantation recipients has significantly prolonged. 
Therefore, the QoL of kidney transplantation recipients, 
especially the erectile function of male recipients, has 
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attracted more and more attention from the doctors 
and transplant patients. However, the role of kidney 
transplantation on erectile function in patients with ESRD 
is still questionable. 

Therefore, we performed a meta-analysis of available 
literature to assess the impact of kidney transplantation on 
erectile function in patients with ESRD. 

We present the following article in accordance with the 
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-604).

Methods

Search strategy 

The study is reported according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) Statement. The study protocol was registered 
on PROSPERO (registration number CRD42020163633). 
Two authors (KANG JQ, TIAN J) independently searched 
relevant literature on PubMed, Embase, Cochrane Library, 
and Web of Science, published before May 31, 2019. 
The retrieval strategy we used for PubMed is as follows: 
((((("Penile Erection"[Mesh]) OR ((erectile function) OR 
sexual function)) OR "Sexual Behavior"[Mesh])) AND 
((((((uremia) OR "Uremia"[Mesh])) OR ((Dialysis[MeSH 
Terms]) OR dialyses)) OR (((((((((((dialyses, renal) OR 
renal dialysis) OR dialysis, renal) OR hemodialysis) 
OR hemodialyses) OR dialysis, extracorporeal) OR 
dialyses, extracorporeal) OR extracorporeal dialyses) OR 
extracorporeal dialysis)) OR "Renal Dialysis"[Mesh])) OR 
((((((((((((((((((end-stage kidney disease) OR disease, end-
stage kidney) OR end stage kidney disease) OR kidney 
disease, end-stage) OR chronic kidney failure) OR end-
stage renal disease) OR disease, end-stage renal) OR end 
stage renal disease) OR renal disease, end-stage) OR renal 
disease, end stage) OR renal failure, end-stage) OR end-
stage renal failure) OR renal failure, end stage) OR renal 
failure, chronic) OR chronic renal failure) OR esrd)) OR 
"Kidney Failure, Chronic"[Mesh]))) AND (("Kidney 
Transplantation"[Mesh]) OR (((((((((renal transplantation) 
OR renal transplantations) OR transplantations, renal) 
OR transplantation, renal) OR grafting, kidney) OR 
kidney grafting) OR transplantation, kidney) OR kidney 
transplantations) OR transplantations, kidney)). We 
adjusted the keywords when searching literature on other 
databases. Besides, references of retrieved literature were 
also screened to acquire extra eligible studies.

Inclusion criteria

Studies meeting the following criteria were included: 
(I) the study evaluated the relationship between kidney 
transplantation and erectile function with no limitation 
about study design; (II) Erectile function is evaluated 
by the International Index of Erectile Function (IIEF) 
questionnaire; (III) Control groups were age-matched 
dialysis patients or patients before kidney transplantation; 
(IV) sufficient data to calculate the odds ratios (ORs) or 
weighted mean differences (WMDs) with 95% confidence 
intervals (CIs). Studies with insufficient data were excluded.

Data extraction

The two authors (KANG JQ and TIAN J) extracted 
the data from included studies independently using a 
standardized form. When the two disagreed, a third author 
(LIU XQ) would participate in the discussion to make 
a decision. The data we extracted includes: first author, 
publication year, study design, sample size, ethnicity, and 
the major outcomes, like erectile function and hormone 
levels. 

The IIEF-15 is a 15-item questionnaire evaluating 
five domains of male sexual function (5): erectile function 
(EF), sexual desire (SD), intercourse satisfaction (IS), 
orgasmic function (OF), and overall satisfaction (OS). 
The questionnaire reflects the ability to achieve sufficient 
erections and the maintenance of erections. As a short 
version of IIEF-15, the IIEF-5 containing 5-item does not 
assess these measures and is only used to assess the erectile 
function of patients. Patients whose IIEF-5 score is ≤21, or 
EF domain score of IIEF-15 is ≤25 were diagnosed as ED. 

Quality evaluation

We used the 9-point Newcastle-Ottawa Scale (NOS) to assess 
the quality of included prospective studies (6), from three 
aspects, including selection, comparability, and outcomes. A 
total score of 7–9 is defined as high quality, 4–6 is moderate 
quality, 1–3 is low quality. Besides, an 11-item scale 
recommended by the Agency for Healthcare Research and 
Quality (AHRQ) was used to assess the quality of included 
cross-sectional studies. An item would be scored “0” if it was 
answered “No” or “Unclear”; conversely, if it was answered 
“Yes”, then the item would be scored “1”. Article quality was 
estimated as follows: a total score of 0–3 is defined as low 
quality, 4–7 is moderate quality, 8–11 is high quality.

http://dx.doi.org/10.21037/tau-20-604
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Statistical analysis

For the prevalence of erectile dysfunction, we chose the 
Odds ratios (OR) as the effect size and calculated the 95% 
confidence interval (95% CI). For the IIEF scores and 
hormone levels, we used the standard mean difference 
(SMD) as the effect size and calculated the 95% CI. The 
heterogeneity test among these studies was performed by 
I2. We made a subgroup analysis when the value of I2>50%. 
Egger's test and Begg’s test was used to evaluate publication 
bias, and there is a significant bias when the P<0.05. 
To assess the stability and effect of enrolled studies, we 
performed a sensitivity analysis. All statistical tests for the 
meta-analysis were performed by Stata version 12.0 (Stata 
Corporation, College Station, TX, USA).

Results

Eligible studies

We retrieved 321 related articles. After removing 
duplicates, 246 articles are remaining. Further, by reading 

the title and abstract, we removed 226 articles. We read 
the full text of the remaining 20 articles. In this study, 
the main outcomes we were interested in were ED 
prevalence, IIEF domain scores (including EF, SD, OF, 
IS, and OS). 8 articles that did not include the above 
outcomes were excluded by a reason of non-interesting 
outcome. Two articles were excluded owing to the 
unavailable data, and 1 article was excluded because the 
control group was not age-matched. Finally, 9 articles 
were included in the present meta-analysis (7-15). We 
adapted a PRISMA flowchart to show the study selection 
process, which is shown in Figure 1. Of these 9 studies, six 
prospective studies compared erectile function before and 
after kidney transplantation in patients with ESRD. The 
remaining three are cross-sectional studies comparing 
kidney transplant recipients to age-matched dialysis 
patients. The characteristics of the included studies 
were demonstrated in Table 1. All enrolled studies were 
estimated to be of high-quality according to the NOS 
and AHRQ scales. The detailed quality scores of each 
literature were provided in Tables S1 and S2. 

Figure 1 Flowchart of literature screening and selection. 
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ED prevalence and erectile function domain score 

In this study, 5 articles used IIEF-15 to evaluate patients' 
sexual function, and 4 studies used IIEF-5. IIEF-5 and the 
EF domain score of IIEF-15 (IIEF-EF) are both tools to 
evaluate patients' erectile function, so they were combined 
for analysis in the study. As shown in Figure 2, the 
prevalence of ED was lower in the kidney transplantation 
group than in the control group (OR 0.49, 95% CI: 
0.28–0.86). Similarly, the EF domain score of the kidney 
transplantation group was higher than was those of the 
control group (SMD 0.53, 95% CI: 0.12–0.94). To decrease 
the potential bias introduced by the three studies comparing 
age-matched dialysis patients to transplanted patients, 
we performed a sub-analysis on the studies with pre- and 
post- transplanted patients only. As shown in Figure 3, the 
prevalence of ED was lower in the pre-transplantation 
group than in the post-transplantation group (OR 0.45, 
95% CI: 0.21–0.98). While no significant difference in the 
EF domain score was found between pre-transplantation 
and post-transplantation patients (SMD 0.53, 95% CI: 
−0.03–1.08).

The other domain scores of IIEF

We conducted a meta-analysis of five studies using IIEF-15 
to learn about whether kidney transplantation has an impact 
on other aspects of sexual function. As shown in Figure 4,  
IIEF-SD score was found to be higher in the kidney 
transplantation group than in the control group (SMD 1.19, 
95% CI: 0.11–2.27), while there was no statistical difference 
between the two groups in the other domain scores of IIEF, 

including IIEF-OF (SMD 0.27, 95% CI: −0.10–0.63), IIEF-
IS (SMD 0.26, 95% CI: −0.10–0.61), and IIEF-OS (SMD 
0.17, 95% CI: −0.21–0.56).

Endocrine hormone levels

Among all included studies, 3 studies reported changes 
in testosterone (T) level, and 2 studies reported prolactin 
(PRL), follicle-stimulating hormone (FSH), and luteinizing 
hormone (LH). As shown in Figure 5, the testosterone level 
in the kidney transplantation group was significantly higher 
than in the control group (SMD 1.20, 95% CI: 0.86–1.54). 
On the contrary, lower PRL level (SMD −1.46, 95% CI: 
−2.22 to −0.69) and LH level (SMD −0.97, 95% CI: −1.39 
to −0.55) were found in the kidney transplantation group. 
There was no statistical difference in FSH level between the 
two groups (SMD 0.10, 95% CI: −0.30–0.50). 

Subgroup analysis of erectile function

We performed a subgroup analysis of ED prevalence and EF 
domain score that we were most concerned about, due to a 
large heterogeneity (I2=65%, P=0.004; I2=87.6%, P=0.000). 
Limited to the data provided by the included studies, 
we performed a subgroup analysis based on the erectile 
function assessment tool and ethnicity. As shown in Figure 
6, subgroup analysis according to the erectile function 
assessment tool showed that there was no significant 
difference in ED prevalence (OR 0.79, 95% CI: 0.42–1.50, 
I2=48.8%) and EF domain score (SMD 0.14, 95% CI: 
−0.28–0.57, I2=78%) between the kidney transplantation 
group and the control group when IIEF-EF was used to 

Table 1 Characteristics of included studies

Study Country Ethnicity Study design Sample size ED evaluation tool Follow-up period (mo)

El-Bahnasawy (2004) Egypt Caucasian Prospective study 50/50 IIEF-15 6

Mehrsai (2006) Iran Caucasian Prospective study 64/64 IIEF-5 6

Peng (2007) China Asian Prospective study 55/55 IIEF-5 9

Mirone (2009) Italy Caucasian Prospective study 78/78 IIEF-15 12

Al Khallaf (2010) Saudi Arabia Caucasian Cross-sectional Study 25/25 IIEF-15 6

JI (2010) China Asian Prospective study 33/33 IIEF-15 6

Teng (2011) China Asian Prospective study 24/24 IIEF-5 6

Park (2013) Republic of Korea Asian Cross-sectional Study 25/37 IIEF-15 >11

Yavuz (2013) Turkey Caucasian Cross-sectional Study 53/47 IIEF-5 >12
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evaluate erectile function. When using IIEF-5, the kidney 
transplantation group had a lower ED prevalence (OR 0.28, 
95% CI: 0.13–0.58, I2=56%) and higher EF domain score 
(SMD 0.99, 95% CI: 0.69–1.29, I2=47.1%) than the control 
group. Besides, a meta-analysis of Asian studies found that 
the kidney transplantation group had a lower ED prevalence 
(OR 0.28, 95% CI: 0.12–0.64, I2=54.8%) and higher EF 
domain score (SMD 0.83, 95% CI: 0.20–1.47, I2=84.2%) 
than the control group, as reported in Figure 6. However, 
no significant difference was found among Caucasians.

Sensitivity analysis

We performed a sensitivity analysis by removing each 
enrolled single study in turn to evaluate the influence of an 
individual study on the pooled results. As shown in Figure 7,  

our results were very reliable, and no individual study 
significantly affected the pooled SMD comparing of the EF 
domain score.

Publication bias

Begg's and Egger's tests were conducted to evaluate the 
publication bias of this meta-analysis. As shown in Figure 
8, there was no obvious publication bias concerning the EF 
domain score, with the P value being 0.489.

Discussion

With the rising prevalence of ESRD, over 100,000 
Americans are currently listed for kidney transplantation. 
Approximately 13,000 patients received a deceased donor 

Figure 7 Sensitivity analysis of EF domain score. EF, erectile function.

Figure 8 Begg’s funnel plot and Egger’s publication bias plot of EF domain score. EF, erectile function.
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organ in 2016, and half of these recipients had been on 
dialysis for >5 years (16). And ED is more frequent in 
patients with chronic renal disease (CKD) (17). As early as 
1973, Levy et al. found varying degrees of ED in patients 
with chronic renal insufficiency (18). It was shown that 
ED occurred in 82.7% of CKD patients just entering the 
dialysis treatment (19), 51.9–88% of peritoneal dialysis (PD) 
patients (20,21), and in up to 87.5% of hemodialysis (HD) 
patients (8,22). The cause of the high prevalence of ED in 
patients with ESRD may be related to both the underlying 
etiology of CKD (e.g., diabetes or hypertension) as well 
as the direct effects of uremia, particularly on the nervous 
system (23). Psychogenic ED in the setting of high levels of 
anxiety and depression, decreased activity, and poor body 
image associated with patients initiating dialysis is likely 
also a key driver in this phenomenon (24). ED profoundly 
influences the quality of life in patients with CKD, which 
should attract our attention.

It is of importance to acknowledge that the dramatic 
effect of kidney transplantation on ED is now well 
documented. Studies have shown that erectile function can 
be improved in patients receiving kidney transplantation (25),  
but some scholars consider that there is no significant 
difference in erectile function between uremic patients who 
receive kidney transplantation and hemodialysis (10,11). 
Whether kidney transplantation can improve erectile 
function in patients with ESRD is still controversial. 

Therefore, we did the first meta-analysis to compare the 
erectile function before and after kidney transplantation. 
Our results showed that kidney transplant recipients had a 
lower prevalence of ED and a higher erectile function score. 
That is to say, receiving kidney transplantation might help 
improve the erectile function of ESRD patients. Consistent 
with our meta-analysis, Ahmad et al. found that there was 
improvement in 40% of patients in the erectile functions 
after 6 months of kidney transplantation (26). Based on 
limited data (ethnicity and evaluation tools), we conducted a 
subgroup analysis to look for sources of heterogeneity. In a 
subgroup analysis based on ethnicity, we found the benefits 
of kidney transplantation among Asians, but not among 
Caucasians. Causes of ED in kidney transplant recipients 
are multifactorial (27). We guess that the characteristics 
of kidney transplantation groups in different regions of 
the world may be one reason for the racial differences. 
In addition, the insufficiency of the sample size of these 
enrolled studies may have led to a certain deviation in racial 
differences. 

We did a subgroup analysis based on different tools, 

and found that the improvement of erectile function in the 
kidney transplantation group was more significant when 
IIEF-5 was utilized. As an abridged version of IIEF-15, the 
IIEF-5 scale possesses favorable properties for detecting 
the presence and severity of ED (28). Also, items in the 
IIEF-5 are phrased to reference the prior six-month period, 
which conforms with the NIH’s current reference period 
for establishing a diagnosis of ED. By contrast, items in 
the erectile function domain of IIEF-15 make a reference 
period of four weeks (28). Therefore, it may relate to the 
results of the subgroup analysis. In addition, the small 
sample size may also cause some deviation in the results. 
Van Kollenburg et al. studied the stability and validity of 
the electronic versions of IIEF-5 and IIEF-15 and found 
that both had excellent internal consistency and test-retest 
reliability (29). 

As  conf irmed by c l in ica l  s tudies ,  the  IIEF-15 
questionnaire is a validated psychometric tool, which serves 
to assess the different sexual function domains (30). Our 
study found the IIEF domain score, which reflects the 
psychological aspects (IIEF-SD) was improved significantly 
in the kidney transplantation group, except the orgasmic 
function and patient satisfaction (IIEF-OF, IIEF-IS, and 
IIEF-OS). There was no improvement in intercourse 
satisfaction and overall satisfaction, which may suggest 
that the improvement of erectile function may be limited 
because a primary outcome of ED for most patients is 
the inability to attain satisfactory sexual intercourse (30). 
Likewise, Mota thought body image satisfaction after 
undergoing kidney transplantation is associated with erectile 
function, with better perceptions being associated with 
better erectile response (31). One Limitation of the IIEF 
scale is the absence of evaluation of the partner relationship. 
Tavallaii et al. (25) compared the sexual function of male 
renal transplantation recipients and hemodialysis patients 
using the Relationship and Sexuality Scale (RSS). They 
found renal transplantation patients in comparison with 
the hemodialysis group reported a better overall sexual 
relationship, and all subscales including sexual function, 
sexual frequency, and sexual fear. Also, kidney recipients had 
significantly more sexual intercourse in 2 weeks before the 
study. 

In addition, we found that the improvement of erectile 
function was not significant in a sub-analysis on the 
studies with pre- and post- transplanted patients. In the 
studies we included, most of the prospective studies were 
followed up for only 6 months, which may lead to no 
meaningful benefits detected after kidney transplantation. 
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Even so, it is worth taking note that a large percentage 
of kidney transplant patients still have not improved 
their erectile function. This may be related to age, use of 
immunosuppressants, and other comorbidities (32).

Multiple hormonal abnormalities have been observed 
in patients with ESRD (33,34). Published studies report 
low circulating testosterone levels, abnormalities in Leydig 
cell morphology with spermatogenic maturation arrest, 
and variable levels of FSH and LH (14,35). According to 
Carrero et al. (36), definite testosterone deficiency occurs 
among about 44%, testosterone insufficiency, about 33%, 
and normal testosterone level, only 23%, among patients 
with ESRD. Even with regular hemodialysis, abnormalities 
of the hypothalamic-pituitary-testicular axis persist (37,38). 
And whether kidney transplantation could reverse the 
alterations induced in the pituitary-testicular axis is still 
uncertain. 

Several of the studies we included reported changes in 
hormone levels. Our meta-analysis of these studies showed 
that serum testosterone level was increased, but serum PRL 
and LH levels were reduced in the renal transplantation 
group. No significant difference was noted in serum FSH 
level between the two groups. Previous studies suggested 
that the increased mean testosterone with suppressed LH 
and restored serum PRL levels indicate Leydig cell function 
recovery after kidney transplantation (39). Testosterone 
plays an important part in erectile function in males (40,41). 
A meta-analysis of 14 randomized controlled studies, 
including 2,298 men, suggested that testosterone therapy 
improved the IIEF erectile function domain score by 2.31 
when compared to placebo (42). Therefore, an increase in 
serum testosterone level after kidney transplantation may 
have a role in improving erectile function. Corona found 
that elevated PRL could lead to decreasing libido (43).  
Therefore, the increased sexual desire in the kidney 
transplantation group found by our study may be related 
to the decreased serum PRL level. In recent years, more 
and more researchers have proposed that there is an 
endocrinological basis for sexual dysfunction in ESRD, 
and kidney transplantation can improve sexual function by 
correcting the abnormalities of the hypothalamus-pituitary-
gonadal axis. However, it also remains to be proven by 
large sample studies whether a long-term functional kidney 
transplantation graft could bring hormone levels back to 
normal. 

Although we searched the databases as many as possible 
to capture comprehensive literature and got relatively 
optimistic results, there are some limitations in our study. 

Firstly, heterogeneities were observed in some outcomes 
of our study, and the reasons for heterogeneities were 
complicated. Heterogeneity may be attributed to different 
study designs and patient characteristics (e.g., age, dialysis 
duration, etiology of renal failure), type of intervention (e.g., 
surgical procedure for kidney transplantation), follow-up 
time, study quality and sample size. Nevertheless, we were 
not in a position to perform all of these subgroup analyses 
because of the limited data available. Secondly, considering 
that most of the studies we included were observational 
studies, our study could not prove causality and unmeasured 
confounding factors could not be eliminated. Finally, the 
sample size of this meta-analysis was not large enough, 
which suggested that further prospective studies of larger 
samples were needed. 

In summary, kidney transplantation may be associated 
with improved erectile function in patients with ESRD. 
This may be attributable to the correction of endocrine 
hormone disorders in patients after kidney transplantation, 
which was manifested by an increase in serum testosterone 
and a decrease in LH and PRL levels. More studies, 
especially large prospective ones, are required to validate 
our results in the future. 
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Table S1 The Newcastle-Ottawa Scale scores for prospective studies

Study

Selection

Comparability

Outcomes

Total 
scores

Representativeness 
of the exposed  

cohort

Selection of 
the  

nonexposed 
cohort

Ascertainment 
of exposure

Outcome of 
interest was 
not present 
at start of 

study

Assessment 
of outcome

Follow-up 
long 

enough

Adequacy 
of follow-up

El-Bahnasawy 
(2004)

1 1 1 1 2 0 0 1 7

Mehrsai (2006) 1 1 1 1 2 0 0 1 7

Peng (2007) 1 1 1 1 2 0 0 1 7

Mirone (2009) 1 1 1 1 2 0 0 1 7

JI (2010) 1 1 1 1 2 0 0 1 7

Teng (2011) 1 1 1 1 2 0 0 1 7

Table S2 The Agency for Healthcare Research and Quality (AHRQ) for cross-sectional studies

Item
Study

Al Khallaf (2010) Park (2013) Yavuz (2013)

1) Define the source of information (survey, record review) Yes Yes Yes

2) List inclusion and exclusion criteria for exposed and unexposed subjects  
(cases and controls) or refer to previous publications

Yes Yes Yes

3) Indicate time period used for identifying patients Yes Yes Yes

4) Indicate whether or not subjects were consecutive if not population-based Yes Yes Yes

5) Indicate if evaluators of subjective components of study were masked to other  
aspects of the status of the participants

Unclear Unclear Unclear

6) Describe any assessments undertaken for quality assurance purposes  
(e.g., test/retest of primary outcome measurements)

Yes Yes Yes

7) Explain any patient exclusions from analysis Yes Yes Yes

8) Describe how confounding was assessed and/or controlled. Yes Yes Yes

9) If applicable, explain how missing data were handled in the analysis No No No

10) Summarize patient response rates and completeness of data collection Yes Yes Yes

11) Clarify what follow-up, if any, was expected and the percentage of patients for 
which incomplete data or follow-up was obtained

No No No
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