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ABSTRACT

Growing evidence reports that chronic kidney diseases (CKD) might play a role in erectile dysfunc-
tion (ED), but limited knowledge is available. Therefore, we performed a systematic review up to
21/08/2019 to investigate the associations between CKD and ED.The main analysis reported the
prevalence of ED as absolute estimates (in %) with their 95% confidence intervals (Cls) and across
CKD stages (when specified), hemodialysis and transplant, calculating the p for interaction across
strata.

Among 291 studies, we included 34 articles with 5986 men. We found an overall prevalence of
76% (95%Cl: 72-79) with a high degree of heterogeneity (1=84.2%; p<0.0001). Analyzing the data
by CKD stage, we found a significant higher prevalence of ED in CKD (78%; 95%Cl: 75-81%; I’>=not
possible) compared to hemodialysis stage (prevalence=77%; 95%Cl: 73-80%; 1=84.5) or to pa-
tients undergoing transplant (prevalence=64%; 95%Cl: 54-74%; 1°=54%) (p across strata=0.036)
Considering the high prevalence of ED in men with CKD, health care practitioners should focus on
issues of sexual health in men with CKD. Given the advancements in dialysis and therapy and the
associated advancements in survival and life expectancy, maintaining the patients’ sexual function

is important for their well-being and quality of life.
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INTRODUCTION

Chronic kidney disease (CKD) is defined as abnormalities of kidney structure or function, present
for at least 3 months with implications for health and represents a major public health issue world-
wide (1). CKD typically has a slow evolvement with a long latency period being clinically silent,
presents symptoms only in the late stage, and thus, precise calculation of the prevalence and the
burden is difficult. The global prevalence is estimated at about 13.4% (11.7-15.1%), and the num-
ber of people with end-stage kidney disease between 4.902 and 7.083 million worldwide (1). The
etiology of CKD is mainly due to diabetes and hypertension in developed countries and glomerulo-
nephritis and unknown causes in developing countries (2). This difference reflects the higher
chronic lifestyle-related diseases and increased life expectancy in developed countries and the
higher prevalence of infectious diseases, such as HIV, schistosomiasis, and leishmaniasis, which
also contribute to CKD in low- and middle-income countries (3). The burden of CKD is not re-
stricted to the demand for renal replacement therapy, but includes other important health issues in-
cluding, primarily, cardiovascular events and mortality (4). Male patients with CKD frequently ex-
perience infertility, loss of libido and impotence, often resulting in a decreased quality of life (5, 6).
In particular, increasing attention is focusing on dysfunction (ED) that is considered the most preva-
lent manifestation of sexual dysfunction in men with CKD. ED is defined as the inability to achieve
and/or maintain an erection sufficient to permit satisfactory sexual intercourse and might result
from psychological, neurologic, hormonal, arterial or cavernosal impairment or the combination of
these factors (7). Although it is considered an age-related disease, affecting 20% of men aged > 40
years, it can be present across all the life-span from adolescence, especially when risk factors such
as diabetes, metabolic syndrome or cardiovascular diseases coexist (7, 8). Several studies of men
with CKD demonstrated a wide variability of ED prevalence, ranging from 41% to 93% (9-11).
This high variability has been explained by different study methodologies, difficulties in quantify-
ing the kidney disease duration and different diagnostic criteria for ED. Interestingly, in 2010,

Navaneethan and colleagues published a meta-analysis of observational studies that showed an
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estimate of ED in men with CKD was 70% (9). Given this, the aim of this study was to conduct a
systematic review of existing data to estimate prevalence of ED in men with CKD.

METHODS

This systematic review and meta-analysis is adherent to the PRISMA (12) and MOOSE (13)
statements, following a predetermined, but unpublished protocol.

Data sources and literature search strategy

Two investigators (NV and DP) independently conducted a literature search using PubMed,
EMBASE, SCOPUS, Cochrane Central Register of Controlled Trials and Clinicaltrials.gov without any
language restriction, until 215t August 2019 for any study investigating the association between
CKD and presence of ED. Any inconsistencies were resolved by consensus with a third author (LS).
In PubMed, the following search strategy was used: ("erectile dysfunction" OR "erectile function"
OR "sexual dysfunction" OR "sexual function" OR “impotence") AND (“Renal failure” OR
“hemodialysis” OR “renal transplant” OR “dialysis” OR “CKD” OR “chronic kidney disease” OR
“nephropathy”). Reference lists of included articles were hand-searched to identify and potential
additional relevant articles, whilst conference abstracts were excluded.

Study selection

Inclusion criteria for this meta-analysis were: i) observational studies (case-control, cross-
sectional, prospective) reporting the prevalence of ED in CKD; ii) using a validated tool for the
detection of ED (e.g. the International Index of Erectile Function, IIEF-5) (14).

Data extraction

Two independent investigators (NV and DP) extracted key data from the included articles in a
standardized Excel sheet. A third independent investigator (LS) checked the extracted data, if
there was any disagreement during the extraction. For all articles, we extracted data about
authors, year of publication, country, number of participants, demographics (mean age and

standard deviation), methods of assessment of ED; stage of CKD (when specified), hemodialysis
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(HD) receiving patients, transplant; the HD mean duration (in months); the prevalence of diabetes,
hypertension, cardiovascular disease and the presence of active smokers prevalence.

Outcomes

The primary outcome was the prevalence of ED across CKD stages (when specified), HD and
transplant.

Assessment of study quality

Study quality was assessed by two investigators (DP, LS) using the Newcastle-Ottawa Scale (NOS)
(17, 18). The agreement between DP and LS was overall good being the Spearman’s rho =0.74 and
the intraclass correlation—coefficient (ICC) of 0.80. A third reviewer was available for mediation
(NV). The NOS assigns a maximum of 9 points based on three quality parameters: selection, com-
parability, and outcome.

Data synthesis and statistical analysis

All analyses were performed using R (version 3.6.1).

The main analysis reported the prevalence of ED as absolute estimates (in %) with their 95%
confidence intervals (Cls) and across CKD stages (not specified; transplant; hemodialysis),
calculating the p for interaction across strata.

Heterogeneity across studies was assessed by the 1> metric and taking as measure of high
heterogeneity an 12>50% and/or p<0.05 (19). In case of high heterogeneity and having at least 10
studies for the outcome, we used, as possible moderators, the mean age of the population, the HD
mean duration (in months), the prevalence of diabetes, hypertension, cardiovascular disease, the
active smokers’ prevalence. We applied the logit transformation to the observed prevalences
across primary studies to make the transformed prevalences follow a normal distribution, and the
meta-regression analysis was based on the transformed scale. Univariate meta-regression analysis

for each moderator was used due to very limited sample size introduced by sparse data.
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Publication bias was assessed by visual inspections of funnel plots and carrying out the Egger’s
bias test (20). In case of publication bias (p<0.10), we planned to apply the trim and fill-analysis
(21) to account for and evaluate the impact of this bias.

For all analyses except the Egger’s bias test, a p-value < 0.05 was considered as statistically signifi-
cant.

RESULTS

Search results

As shown in Figure 1, the search produced 291 independent articles. After excluding 242 articles
based on title/abstract review, 49 articles were retrieved for full text review and 34 articles were
included in the qualitative/quantitative synthesis (full references are reported in Supplementary
Table 1).

Study and patient characteristics

As shown in Table 1, the 34 studies included a total of 5,986 participants. The largest proportion of
studies were conducted in Middle-East Asia (n=9) and in America (n=9), six in Europe, five in Asia
and the last five in Africa. Thirty studies had a cross-sectional design and, 4 were case-controls. All
the studies were performed among outpatients and used the IIEF-5 for the diagnosis of ED. The
mean age was 53.9 years (SD=12.3).

The median quality of the studies was 4.9 (range: 4-6), indicating an overall good quality of the
studies, according to the NOS (Table 1).

Prevalence of ED in CKD

Figure 2 shows the prevalence of ED in CKD. Pooling the data of the 34 studies, we found an
overall prevalence of 76% (95%Cl: 72-79) with a high degree of heterogeneity (1°=84.2%;
p<0.0001). This result was not affected by any publication bias and the trim and fill analysis did not

modify our results.
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When analyzing the data by CKD stage, we found a significant higher prevalence of ED in Ill and IV
CKD in two studies (the only 2 studies considering CKD stages) (78%; 95%Cl: 75-81%; |>=not
possible) compared to HDR patients (n=28 studies; prevalence=77%; 95%Cl: 73-80%; 12=84.5) or to
patients undergoing transplant (n=4 studies; prevalence=64%; 95%Cl: 54-74%; 1°=54%) (p across
strata=0.036) (Figure 1).

Meta-regression analysis

Results of meta-regression analyses on studies of HD stage set and studies of all three CKD stages
set are given top and bottom panels respectively in Table 2. As we can see, only the factor of
prevalence of cardiovascular disease account for a small proportion (8.49% and 3.76%
respectively) of heterogeneity among primary studies in the two sets.

Publication bias assessment

The predicted overall ED prevalence across all stages of CKD by the trim and fill analysis is 0.73
with 95% C.I. (0.70, 0.77) (Supplementary Figure 1), which is not much different from the
observed estimate which is 0.76 with 95% C.I. (0.72, 0.79) (Supplementary Figure 2). In addition,
p-value of Eager’s test is 0.1812. Based on the assessment results above, there is no publication
bias in reporting the overall ED prevalence for studies across all CKD stages.

The predicted ED prevalence in HDR patients by the trim and fill analysis is 0.76 with 95% C.I.
(0.72, 0.80) (Supplementary Figure 3), which is not much different from the observed estimate
which is 0.77 with 95% C.I. (0.73, 0.80) (Supplementary Figure 4). In addition, p-value of Eager’s
test is 0.1294. Based on the assessment results above, there is no publication bias in reporting the
overall ED prevalence for studies in HDR patients.

Because the number of parameters to be estimated is larger than the number of observations in
both trim and fill analysis and Eager’s test for studies in CKD stage, these analyses are not

executable for the only two studies in CKD stage (Supplementary Figure 5).
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DISCUSSION

In this meta-analysis including 34 studies and almost 6,000 participants, we found that the preva-
lence of ED in CKD is extremely high, effecting 3/4 of the population included. This is in line with
a previous meta-analysis of observational studies indicating a prevalence of ED in CKD patients of
70% (9). When separating by stage, the prevalence of ED was significantly higher in CKD com-
pared to HD receiving patients or in patients undergoing transplant.

ED in patients with CKD has a multifactorial etiology including endocrine, vascular and neurologic
systems. First of all, even just a moderate reduction of glomeruli filtration rate is able to result in a
disturbance of the pituitary-gonadal axis that rarely normalize with dialysis which could, however,
generally be restored by a well-functioning kidney transplant (22). Regarding the effect of renal
transplantation on ED some authors reported improvement of erectile function after renal transplan-
tation, while others reported erectile function deterioration after transplantation (23). Interestingly,
Mirone and colleagues demonstrated that renal transplant is not always a restorative treatment in
terms of sexual function and in younger patients ED worsens after transplant (24).

The consequent testicular damage manifests both with infertility and sexual dysfunction. In fact, on
the one hand there is sperm impairment with decreased volume of ejculate, either low or complete
azoospermia, and a low percentage of motility (25). On the other hand, athe defect in hormonal reg-
ulation of the Leydig and Sertoli cells results in gonadotropin deficiency or resistance (26). In par-
ticular, total and free testosterone levels are reduced, while sex hormone-binding globulin is normal
(27). Consequently, the main clinical outcomes related to this are the loss of libido and ED, some
regression of secondary sexual characteristics, fatigue, decrease of bone mineral density, and loss of
muscle mass and strength (10). This condition is further exacerbated by the hyperprolactinemia that
is a common finding in CKD patients and is associated with infertility, loss of libido, low circulat-
ing testosterone levels, and inappropriately low LH levels (28).

Vascular system plays a key role in penile erection, thus, all vascular diseases may result in ED. Pa-

tients with CKD are commonly associated with vascular ED due to occlusive disease of the
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cavernosal artery or the more proximal ileac and pudendal arteries in what is referred to as the pel-
vic arterial steal syndrome (29). Moreover, veno-occlusive dysfunction may occur, leading to ve-
nous leakage and consequent inability to achieve or maintain an erection. Finally, atherosclerosis
and endothelial dysfunction, also in other vascular districts, contribute to effect a normal erection
(30). Furthermore, it is well known that sympathetic and parasympathetic systems play a key role in
erection mechanism and, thus, the abnormalities of the neurologic system associated with CKD, es-
pecially in presence of diabetes and uremic toxicity, are easily included in the pathogenesis of ED
in these patients (31). Indeed, renal anemia may partially participate in the pathogenesis of sexual
dysfunction while erythropoietin therapy has been shown to improve sexual function in male dialy-
sis patients, with a direct effect upon endocrine function, as well as anemia (32).

Finally, contrasting data are present regarding the role of depression in ED in CKD patients and,
while some authors showed no association between the presence or absence of depression in
chronic kidney failure patients and outcomes about sexual function (10), other authors found a
lower assessment of their overall quality of life (10).

Although there is consistent literature on the topic of ED in CKD patients, unfortunately, the major-
ity of studies assessed the sexual function in a non-standardized way. In order to be rigorous, we
only included studies with validated questionnaires to asses ED and, thus, we included only 34 stud-
ies and this represent a strength but, at the same time, the main limitation of our review. Another
limitation is lack of available data assessing renal function, such information may be excluded from
primary studies as the majority included patients at the final stage of CKD and undergoing dialysis.
In conclusion, our systematic review and meta-analysis confirmed the previous literature highlight-
ing a very high prevalence of ED in patients with CKD both where the patients are undergoing dial-
ysis or have received kidney transplants. Thus, it is mandatory to include screening and manage-
ment of ED in men with CKD as a part of the assessment of their cardiovascular risk. This is partic-
ular important in order to achieve quality of life improvements especially considering the signifi-

cant advances obtained by dialysis therapy in terms of survival and expectancy of life in patients
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with CKD. Further studies are needed to characterize others risk factors such as duration of disease

or other pathological conditions which are involving in the development of ED.
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320  Figure 1. PRISMA flow chart.
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Figure 2. Forest plot of prevalence of erectile dysfunction by CKD category.
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Supplementary Figure 1. Funnel plot of the trim and fill analysis on overall ED prevalence across

all stages of CKD.
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Supplementary Figure 2. Funnel plot of overall ED prevalence across all stages of CKD.
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Supplementary Figure 3. The funnel plot of the trim and fill analysis on ED prevalence in

Hemodialysis stage.
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Supplementary Figure 4. The funnel plot of ED prevalence in Hemodialysis stage.
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Supplementary Figure 5. The funnel plot of ED prevalence in CKD.

Standard Error

| |
0.73106 0.76852 0.80218

Proportion

21



337
338

Table 1. Descriptive characteristics of the studies included

A

Method
Sam Mean age | of assess-
Author, year | Country | Setting | Type of study [Tle (SD) ment of NOS
size
ED

Ali, 2005 Egypt | Outpatient | Case-control | 1023 NA IIEF-5 6
Antzoonluscm, Italy Outpatient | Case-control 95 ITEF-5 >
Mekki, 2013 Sudan | Outpatient | Case-control | 146 IIEF-5 4
Naya, 2002 Japan | Outpatient | Case-control | 1307 IIEF-5 4
Miyata, 2004 Japan | Outpatient | Cross-sectional | 180 IIEF-5 5
i 4

Nassir, 2009 | 5241 | iatient | Cross-sectional | 52 | 58.5 (14.3) | IIEF-5

Arabia

Prezn(;llli 15 Croatia | Outpatient | Cross-sectional | 92 IIEF-5 6
Rosas, 2001 USA | Outpatient | Cross-sectional | 302 | 59.5 (15.5) | IIEF-5 5
Stolic, 2010 Serbia | Outpatient | Cross-sectional | 73 | 54.5(6.9) IIEF-5 5
Sudarevié, . . . 5

2017 Croatia | Outpatient | Cross-sectional | 40 IIEF-5
Anees, 2009 | Pakistan | Outpatient | Cross-sectional | 50 IIEF-5 5
Arslan, 2002 | Turkey | Outpatient | Cross-sectional | 187 | 49.3 (13.2) | IIEF-5 4
5

AZZGOV le ;10, Portugal | Outpatient | Cross-sectional | 57 IIEF-5
i 5

Ceg((l)%ezlra, Brazil | Outpatient | Cross-sectional | 119 | 47.3 (15.9) | HEF-5
Costa, 2014 Brazil | Outpatient | Cross-sectional | 305 | 54.1 (13.2) | HEF-5 5
Costa, 2017 Brazil | Outpatient | Cross-sectional | 245 | 65.1 (14.0) | IHEF-5 5
Fernandes, . . . 4

2010 Brazil | Outpatient | Cross-sectional | 275 | 48.6 (12.8) | IIEF-5
5

Gorsane, 2016 | Tunisia | Outpatient | Cross-sectional | 30 | 49.1 (NA) | IIEF-5
Hassan, 2018 Israel | Outpatient | Cross-sectional | 39 | 62.7 (12.2) | 1IEF-5 5
) ) 4

Hassan, 2018 Israel | Outpatient | Cross-sectional | 27 59 (7.1) IIEF-5
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Method

trol

Sam
. Mean age | of assess-
Author, year | Country | Setting | Type of study [Tle (SD) ment of NOS
size
ED
Inci, 2008 Turkey | Outpatient | Cross-sectional | 35 | 51.6 (NA) | IIEF-5 5
Ka, 2014 Senegal | Outpatient | Cross-sectional | 73 | 53.8 (12.5) | IIEF-5 5
Krishnan, . . 5
2003 Canada | Outpatient | Cross-sectional | 44 | 61.8 (13.9) | IIEF-5
Lai, 2007 Taiwan | Outpatient | Cross-sectional | 99 NA IIEF-5 5
Makarem, . . 6
2011 Iran Outpatient | Cross-sectional | 59 | 54.7 (14.1) | IIEF-5
. . 4
Malekmakan, | Netherlan Outpatient | Cross-sectional | 73 | 55.4 (16.1) | IIEF-5
2011 ds
5
Messina, 2007 | Brazil | Outpatient | Cross-sectional | 58 | 50.2 (14.6) | IIEF-5
Neto, 2002 Brazil | Outpatient | Cross-sectional | 118 48 (13) IIEF-5 5
Savadi, 2016 Iran Outpatient | Cross-sectional | 30 | 40.2 (8.2) IIEF-5 5
Seck, 2011 Senegal | Outpatient | Cross-sectional | 70 | 52 (11.3) IIEF-5 4
Toprak, 2017 | Turkey | Outpatient | Cross-sectional | 372 | 72.5 (4.4) IIEF-5 5
Wong, 2007 | Canada | Outpatient | Cross-sectional | 55 50 (NA) IIEF-5 5
Ye, 2015 China | Outpatient | Cross-sectional | 170 | 43.2 (9.6) IIEF-5 6
5
Zamd, 2005 | Morocco | Outpatient | Cross-sectional | 86 | 46.3 (15.7) | IIEF-5
34 30 studies:
studies: cross-sec- 53.9 34
Total o tu a t'e;l ¢ tional; 4 stud- | 5986 a 2'3) studies: 5
" ps ! ies: case-con- ) IIEF-5

Abbreviations: ED, erectile dysfunction; SD, standard deviation; IIEF, International Index of Erec-
tile Function ; NOS, Newcastle-Ottawa Scale.
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342  Table 2. Meta regression of moderators of erectile dysfunction presence by CKD stage

Number of com-

Moderator” . B 95% CI P-value R?
parisons
Hemodialysis
Mean age of the population 1 0.0064 (-0.0352 0.0479) 0.7643 0.00%
Mean duration of HD 1 0.0018 (-0.0033 0.0070) 0.4859 0.00%
Prevalence of diabetes 1 0.6080 (-1.3604 2.5763) 0.5449 0.00%
Prevalence of hypertension 1 -0.1638 (-1.3120 0.9844) 0.7798 0.00%
Prevalence of cardiovascular disease 1 0.8614 (-1.5732 3.2960) 0.4880 R 49%
Prevalence of active smokers 1 0.7864 (-2.0262 3.5989) 0.5837 0.00%
All studies
Mean age of the population 1 0.0100 (-0.0185, 0.0386) 0.4912 0.00%
Mean duration of HD 1 0.0014 (-0.0036, 0.0064) 0.5937 0.00%
Prevalence of diabetes 1 0.3892 (-1.4905, 2.2689) 0.6848 0.00%
Prevalence of hypertension 1 -0.5238 (-1.5205, 0.4729) 0.3030 0.00%
Prevalence of cardiovascular disease 1 0.9763 (-1.4083, 3.3610) 0.4223 3.76%
Prevalence of active smokers 1 1.1571 (-0.6038, 2.9180) 0.1978 0.00%

343  Abbreviations: CI, confidence intervals; HD hemodialysi

24



344

345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

Supplementary Table 1: list of eligible studies

. Ali ME, Abdel-Hafez HZ, Mahran AM, et al. Erectile dysfunction in chronic renal failure pa-

tients undergoing hemodialysis in Egypt [published correction appears in Int J Impot Res. 2005
Jul-Aug;17(4):390]. Int J Impot Res. 2005;17(2):180-185.

. Antonucci M, Palermo G, Recupero SM, et al. Male sexual dysfunction in patients with chronic

end-stage renal insufficiency and in renal transplant recipients. Arch Ital Urol Androl.

2016;87(4):299-305.

. Mekki MO, El Hassan KA, El Mahdi EM, et al. Prevalence and associated risk factors of male

erectile dysfunction among patients on hemodialysis and kidney transplant recipients: a cross-

sectional survey from Sudan. Saudi J Kidney Dis Transpl. 2013;24(3):500-506.

. Naya Y, Soh J, Ochiai A, et al. Significant decrease of the International Index of Erectile Func-

tion in male renal failure patients treated with hemodialysis. Int J Impot Res. 2002;14(3):172—
177.

. Miyata Y, Shindo K, Matsuya F, et al. Erectile dysfunction in hemodialysis patients with diabe-

tes mellitus: association with age and hemoglobin Alc levels. Int J Urol. 2004;11(7):530-534.

. Nassir A. Erectile dysfunction risk factors for patients entering dialysis programme. Andrologia.

2010;42(1):41-47.

. Premuzi¢ V, Jelakovi¢ B. Sexual dysfunction as a determinant of cardiovascular outcome in pa-

tients undergoing chronic hemodialysis. Int J Impot Res. 2018;30(1):14-20.

. Rosas SE, Joffe M, Franklin E, et al. Prevalence and determinants of erectile dysfunction in he-

modialysis patients. Kidney Int. 2001;59(6):2259-2266.

. Stolic RV, Bukumiric ZM. Intima-media thickness of carotid arteries and erectile dysfunction in

hemodialysis patients. Hemodial Int. 2010;14(4):510-514.

Sudarevi¢ B, Begic¢ I, Simunovié D, Kuvezdié¢ H, Seri¢ V, Zibar L. Vitamin D Status in Re-
nal Transplant recipients is not Associated with Erectile Dysfunction. Acta Clin Croat.
2017;56(2):195-202.

Anees M, Mumtaz A, Barki MH, Ibrahim M, Hussain S, Uzair M. Sex hormones and erec-
tile dysfunction in hemodialysis patients. Pak J Med Sci 2009;25(6):922-927.

Arslan D, Aslan G, Sifil A, et al. Sexual dysfunction in male patients on hemodialysis: as-

sessment with the International Index of Erectile Function (IIEF). Int J Impot Res.

2002;14(6):539-542.

25



375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406

13. Azevedo P, Santos R, Duraes J, et al. Sexual dysfunction in men and women on peritoneal
dialysis: Differential link with metabolic factors and quality of life perception. Nefrologia.
2014;34(6):703-709.

14. Cerqueira J, Moraes M, Glina S. Erectile dysfunction: prevalence and associated variables in
patients with chronic renal failure. Int J Impot Res. 2002;14(2):65-71.

15. Costa MR, Reis AM, Pereira BP, Ponciano VC, Oliveira EC. Associated factors and preva-
lence of erectile dysfunction in hemodialysis patients. Int Braz J Urol. 2014;40(1):44-55.

16. Costa MR, Ponciano VC, Costa TR, de Oliveira AM, Gomes CP, de Oliveira EC. Preva-
lence and factors associated with erectile dysfunction in patients with chronic kidney disease on
conservative treatment. Int J Impot Res. 2017;29(6):219-224.

17.  Fernandes GV, dos Santos RR, Soares W, et al. The impact of erectile dysfunction on the
quality of life of men undergoing hemodialysis and its association with depression. J Sex Med.
2010;7(12):4003—-4010.

18. Gorsane I, Amri N, Younsi F, Helal I, Kheder A. Erectile dysfunction in hemodialysis pa-
tients. Saudi J Kidney Dis Transpl. 2016;27(1):23-28.

19. Hassan K, Elimeleh Y, Shehadeh M, Fadi H, Rubinchik 1. The relationship between hydra-
tion status, male sexual dysfunction and depression in hemodialysis patients. Ther Clin Risk
Manag. 2018;14:523-529.

20. Hassan K, Elimeleh Y, Shehadeh M, Hassan F, Rubinchik I. Associations of Peritoneal Glu-
cose Load With Male Sexual Dysfunction and Depression in Peritoneal Dialysis Patients. Ther
Apher Dial. 2018;22(4):380-388.

21. Inci K, Hazirolan T, Aki FT, et al. Coronary artery calcifications in hemodialysis patients
and their correlation with the prevalence of erectile dysfunction. Transplant Proc. 2008;40(1):77—
80.

22. Ka EF, Seck SM, Cisse MM, et al. Erectile dysfunction in chronic hemodialysis patients in
dakar: a cross-sectional study in 2012. Nephrourol Mon. 2014;6(6):e21138.

23. Krishnan R, Izatt S, Bargman JM, Oreopoulos D. Prevalence and determinants of erectile
dysfunction in patients on peritoneal dialysis. Int Urol Nephrol. 2003;35(4):553-556.

24. Lai CF, Wang YT, Hung KY, et al. Sexual dysfunction in peritoneal dialysis patients. Am J
Nephrol. 2007;27(6):615-621.

25. Makarem AR, Karami MY, Zekavat OR. Erectile dysfunction among hemodialysis patients.
Int Urol Nephrol. 2011;43(1):117-123.

26



407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427

428
429

26. Malekmakan L, Shakeri S, Haghpanah S, Pakfetrat M, Sarvestani AS, Malekmakan A. Epi-
demiology of erectile dysfunction in hemodialysis patients using IIEF questionnaire. Saudi J Kid-
ney Dis Transpl. 2011;22(2):232-236.

217. Messina LE, Claro JA, Nardozza A, Andrade E, Ortiz V, Srougi M. Erectile dysfunction in
patients with chronic renal failure. Int Braz J Urol. 2007;33(5):673-678.

28.  Neto AF, de Freitas Rodrigues MA, Saraiva Fittipaldi JA, Moreira ED Jr. The epidemiology
of erectile dysfunction and its correlates in men with chronic renal failure on hemodialysis in
Londrina, southern Brazil. Int J Impot Res. 2002;14 Suppl 2:S19-S26.

29. Savadi H, Khaki M, Javnbakht M, Pourrafiee H. The Impact of Hemodialysis on Sexual
Function in Male Patients using the International Index of Erectile Function Questionnaire
(IIEF). Electron Physician. 2016;8(5):2371-2377.

30. Seck SM, Dahaba M, Diouf B, et al. The burden of erectile dysfunction in dialysis patients
in Senegal. Hemodial Int. 2011;15(2):280-283.

31. Toprak O, Sar1 Y, Kog A, Sar1 E, Kirik A. The impact of hypomagnesemia on erectile dys-
function in elderly, non-diabetic, stage 3 and 4 chronic kidney disease patients: a prospective
cross-sectional study. Clin Interv Aging. 2017;12:437—444.

32. Wong JA, Lawen J, Kiberd B, Alkhudair WK. Prevalence and prognostic factors for erectile
dysfunction in renal transplant recipients. Can Urol Assoc J. 2007;1(4):383-387.

33, Ye H, Chen W, Cao P, et al. Prevalence of erectile dysfunction and its association with re-
sidual renal function in Chinese peritoneal dialysis patients. Int Urol Nephrol. 2015;47(2):383—
389.

Zamd M, Gharbi MB, Ramdani B, Zaid D. Sexual dysfunction in male patients undergoing hemodi-
alysis in morocco. Saudi J Kidne

27



	ABSTRACT
	INTRODUCTION
	METHODS
	Data sources and literature search strategy
	Study selection
	Data extraction
	Outcomes
	Assessment of study quality
	Data synthesis and statistical analysis

	RESULTS
	Search results
	Study and patient characteristics
	Prevalence of ED in CKD
	Meta-regression analysis
	Publication bias assessment

	DISCUSSION
	REFERENCES
	Tables and Figures

