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Background: Erectile dysfunction (ED) is common in older men with chronic kidney disease. 

Magnesium is essential for metabolism of nitric oxide which helps in penile erection. There is little 

information available about the influence of serum magnesium on ED. The aim of the study was 

to assess the influence of hypomagnesemia on ED in elderly chronic kidney disease patients.

Subjects and methods: A total of 372 patients aged 65–85 years, with an estimated glomeru-

lar filtration rate of 60–15 mL/min/1.73 m2, were divided into two groups according to serum 

magnesium levels: hypomagnesemia, n=180; and normomagnesemia, n=192. ED was assessed 

through the International Index of Erectile Function-5. Hypomagnesemia is defined as serum 

magnesium ,1.8 mg/dL.

Results: The prevalence of ED was higher among hypomagnesemic subjects compared to 

that among normomagnesemics (93.3% vs 70.8%, P,0.001). Severe ED (62.8% vs 43.8%, 

P=0.037), mild-to-moderate ED (12.2% vs 5.2%, P=0.016), abdominal obesity (37.2% vs 

22.9%, P=0.003), metabolic syndrome (38.4% vs 19.2%, P=0.026), proteinuria (0.83±0.68 

vs 0.69±0.48 mg/dL, P=0.023), and C-reactive protein (6.1±4.9 vs 4.1±3.6 mg/L, P,0.001) 

were high; high-density lipoprotein cholesterol (48.8±14.0 vs 52.6±13.5 mg/dL, P=0.009), and 

albumin (4.02±0.53 vs 4.18±0.38 g/dL, P=0.001) were low in the hypomagnesemia group. Serum 

magnesium #1.85 mg/dL was the best cutoff point for prediction of ED. Hypomagnesemia 

(relative risk  [RR] 2.27), age $70 (RR 1.74), proteinuria (RR 1.80), smoking (RR 21.12), 

C-reactive protein (RR 1.34), abdominal obesity (RR 3.92), and hypertension (RR 2.14) were 

predictors of ED.

Conclusion: Our data support that ED is related to hypomagnesemia in elderly patients with 

moderately to severely reduced kidney function.

Keywords: erectile dysfunction, elderly, chronic kidney disease, magnesium

Introduction
Longer lifespans create new health-related problems. Epidemiologic studies clearly show 

an increasing age-related prevalence and severity of erectile dysfunction (ED) among 

elderly men.1–4 ED is a condition in which a man is persistently unable to attain and/or 

maintain penile erection sufficient for sexual intercourse and is the most common sexual 

dysfunction among men worldwide.2,5 Increasing comorbidities and pathological changes 

in the erectile tissue and the supplying vessels result in a high prevalence of ED in geriatric 

population.2,3 ED affects only 4% of men in their 50s but almost 50% over the age of 75, 

and up to 90% of elderly men with chronic kidney disease (CKD) have ED.2,6–8
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ED may result from psychologic, neurologic, hormonal, 

arterial, or cavernosal impairment or from a combination of 

these factors.1,9 Sexuality is a significant quality-of-life con-

sideration for all individuals, including older adults.10 The 

identification of novel risk factors for ED may improve our 

understanding of the pathogenesis of ED and allow the develop-

ment of new prevention strategies for ED. There is a close rela-

tionship between ED, endothelial dysfunction, and decreased 

production of nitric oxide (NO).11,12 Hypomagnesemia inhibits 

NO release from endothelium and therefore associated with 

endothelial dysfunction.13,14 Hypomagnesemia, endothelial 

dysfunction, and lower serum levels of NO are common in 

patients with CKD, especially among elderly.14–17 Therefore, 

hypomagnesemia may be linked to ED in these subjects. We 

hypothesize that hypomagnesemia would increase the ED 

rates. In the literature, there have been few attempts to assess 

the possible relationship between serum magnesium level and 

ED. The present study was the first to determine the prevalence 

and severity of ED in elderly hypomagnesemic patients with 

moderately to severely reduced kidney function.

Subjects and methods
Study population
A single-center, prospective cross-sectional study was 

performed in non-diabetic male patients with stage 3 and 

4  CKD, with age 65–85 years between November 2014 

and August 2015 in Department of Medicine, Division of 

Nephrology, Balikesir University School of Medicine. All 

included patients in the study had a regular partner. A total 

of 372 patients met the inclusion criteria. They were divided, 

according to the serum magnesium levels, into two groups: 

hypomagnesemia (n=180) and normomagnesemia (n=192). 

ED was assessed in the study patients. The study complied 

with the Declaration of Helsinki and was approved by the 

Ethical Committee of Balikesir University School of Medi-

cine. All patients gave written informed consent.

Assays
Blood samples were collected from an antecubital vein of 

patients by venipuncture into vacutainer tubes after an 8 h 

overnight fasting, and the samples were centrifuged and 

stored at −80°C until analysis. Serum magnesium levels were 

analyzed by the colorimetric method, with a clinical chemistry 

autoanalyzer. Calcium, urea, and urinary protein concentra-

tions were also measured by the colorimetric method. Serum 

creatinine and urinary creatinine concentrations were deter-

mined enzymatically on an autoanalyzer using the Jaffé method. 

Uric acid levels were determined by uricase–peroxidase 

method and glucose levels by glucose oxidase method. Lipid 

profiles were analyzed by enzymatic methods using the 

Beckman Coulter AU680 Analyzer (Beckman Coulter, Inc., 

Brea, CA, USA) with commercially available kits. Albumin 

and C-reactive protein (CRP) were determined in serum by 

nephelometric method. Parathyroid hormone was measured 

by an enzyme-linked immunosorbent assay.

Analytical methods and measurements
Blood samples for measurement of serum glucose, creati-

nine, urea, uric acid, parathyroid hormone, CRP, albumin, 

magnesium, calcium, phosphorus, lipids (triglyceride, high-

density lipoprotein cholesterol [HDL-C], total cholesterol, 

low-density lipoprotein cholesterol), and hemoglobin were 

drawn after an 8 h overnight fasting conditions in a stand-

ing position. Urine samples were taken for measurement of 

the urine protein-to-creatinine (P/C) ratio. Anthropometric 

measurements, such as weight, height, waist circumfer-

ence, and body mass index (BMI), were performed with the 

subjects wearing light clothing and without shoes. Weight and 

height were measured using a fixed scale with a stadiometer 

(Nan DR-MOD-85, Istanbul, Turkey). Each patient’s BMI 

was calculated as their weight (kg) divided by the square of 

their height (m2). Waist circumference was measured to the 

nearest 0.1 cm using a flexible metric measuring tape with 

the subject in a standing position. Glomerular filtration rate 

(GFR) were estimated using the Chronic Kidney Disease 

Epidemiology Collaboration.18 Systolic and diastolic blood 

pressures were measured in the sitting position, after a rest 

period of more than 5 min. Patient’s medical history was 

reviewed, and comorbidities, risk factors, and medications 

with the potential to affect ED and magnesium levels were 

recorded. Genital and systemic examinations were conducted 

with attention to any genital abnormalities. A urinary system 

ultrasound was done by an urologist for any surgical manipu-

lations or injuries that affect the penis, prostate, or bladder.

Clinical definitions
Hypomagnesemia was defined by serum magnesium 

level ,1.8 mg/dL;19 obesity as a BMI $30 kg/m2; abdominal 

obesity as a waist circumference .102  cm; diabetes was 

defined as fasting plasma glucose $126 mg/dL, which was 

confirmed by repeated testing, previous diagnosis of diabetes, 

or current use of antidiabetic medications. Metabolic syn-

drome, conformed to the National Cholesterol Education 

Program Adult Treatment Panel III guidelines, is defined as 

the presence of three or more of these conditions: abdominal 

obesity (waist circumference .102 cm), high blood pressure 
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(130 mmHg systolic or 85 mmHg diastolic), hypertriglyc-

eridemia ($150  mg/dL), low HDL-C (,40  mg/dL), and 

high fasting blood glucose ($110 mg/dL).20 The metabolic 

syndrome score was defined as the number of constituents 

of metabolic syndrome. Cigarette smoking was defined as 

if a patient reported smoking 100 cigarettes in their lifetime 

and currently smoking cigarettes every day or some days.21 

According to the National Kidney Foundation Clinical 

Practice Guidelines, CKD stage 3 (moderately reduced 

kidney function) was defined as an estimated GFR (eGFR) 

of 30–59  mL/min/1.73  m2, and CKD stage 4 (severely 

reduced kidney function) was defined as an eGFR of 

15–29 mL/min/1.73 m2.22 Patients on antihypertensive medi-

cation or with a blood pressure of $140/90 were regarded 

as having hypertension. The causes of CKD in patients 

were hypertension (41.7% vs 35.9%), glomerulonephritis 

(12.2% vs 14.4%), polycystic kidney disease (6.1% vs 8.8%), 

myeloma kidney (4.4% vs 3.6%), pyelonephritis (13.3% vs 

10.4%), and unknown conditions (22.3% vs 26.9%) in hypo-

magnesemia and normomagnesemia groups, respectively.

Assessment of ED
Each participant completed a self-administered question-

naire. The Turkish translated and validated version of the 

International Index of Erectile Function-5 (IIEF-5) was used 

to assess ED.23 Patients completed the IIEF-5 questionnaire 

themselves under the supervision of trained medical staff. This 

consisted of five questions, each scored on a 5-point ordinal 

scale (1–5), where higher values indicated better sexual func-

tion. Patients with a score of $22 were considered to have nor-

mal erectile function, and subjects with a score of ,22 were 

considered to have ED. With a total IIEF-5 score ranging from 

1 to 25, the degree of ED was classified into the following five 

categories: severe (5–7), moderate (8–11), mild-to-moderate 

(12–16), mild (17–21), and no ED (22–25).

Exclusion criteria
Exclusion criteria included a diagnosis or a prior history 

of hypogonadism; genital malformations; penile implant 

or deformities; and surgical manipulations or injuries of 

urogenital system, spinal cord, or brain. Other exclusion 

criteria included a history of or current treatments for bladder, 

prostate, or testicle diseases or any cancer types; Parkinson’s 

disease, multiple sclerosis, stroke, diabetes mellitus, hepatic 

impairment, respiratory failure, peripheral vascular disease, 

connective tissue diseases, congestive heart failure stage 3 

and 4, uncontrolled hypertension or hypotension, use of 

antihistamines and illegal drugs, and mental impairment 

leading to inability to cooperate; diagnosis or current 

treatments for depression and anxiety; subjects who had no 

regular partner; concurrent use of magnesium-containing 

supplements, inflammatory bowel disease, malabsorptions, 

and alcoholism.

Statistical analysis
Assuming an 80% prevalence of ED in the hypomagnesemia 

group and 65% prevalence in the normomagnesemia 

group, we found that a sample size of 368 (184 per group) 

patients would be required to detect a statistically signifi-

cant difference with power of 90% (α=0.05). The primary 

study end point was the prevalence of ED. Secondary end 

points included severity and risk factors of ED. Compari-

sons of continuous variables between groups were made 

using Student’s t-test for normally distributed data and 

the Mann–Whitney U-test for non-normally distributed 

data. Within-subject comparisons of continuous variables 

were made using a paired t-test or the Wilcoxon signed-

rank test for normally and non-normally distributed data, 

respectively. Categorical variables were analyzed using 

the chi-square test or alternatively Fisher’s exact test. We 

performed logistic regression with the presence of ED as 

the dependent variable and the following 11 parameters 

as potential covariates: presence of hypomagnesemia, 

age $70 years, hypertension, smoking, high urine P/C ratio 

($500 mg/dL), high CRP (.5 mg/L), abdominal obesity, 

metabolic syndrome,  eGFR  #30  mL/min/1.73  m2, low 

HDL-C (,40 mg/dL), and serum albumin levels. Variables 

that were statistically significant on univariate analysis were 

included in the multivariate model to identify predictors of 

ED. A two-sided 95% confidence interval (CI) was con-

structed around the point estimate of the relative risk (RR). 

Receiver operating characteristic (ROC) curve analyses of 

serum magnesium levels for the prediction of ED and the 

positive and negative predictive values of magnesium were 

performed. All tests were two-sided, and a P-value of ,0.05 

was considered to be statistically significant. Continuous data 

are reported as mean ± standard deviation. Categorical data 

are presented as absolute values and percentages. Analyses 

were performed using IBM SPSS Statistics Version 20.0 

(IBM Corporation, Armonk, NY, USA).

Results
Patient population and baseline 
characteristics
A total of 3,810 patients were screened for inclusion and 

exclusion criteria, of that 3,438 patients were excluded 
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from the study because they did not fulfill the inclusion 

or exclusion criteria. Ultimately, the study was carried out 

with 372 patients with a mean age of 72.52±5.43 years. The 

baseline demographic and clinical characteristics of the study 

patients are shown in Table 1. Patients with hypomagnesemia 

had higher urine P/C ratio (0.83±0.68 vs 0.69±0.48 mg/dL, 

P=0.023) and CRP levels (6.13±4.98 vs 4.13±3.66 mg/L, 

P,0.001), whereas there were significantly lower serum 

magnesium (1.52±0.13 vs 2.27±0.18 mg/dL, P,0.001) and 

albumin (4.02±0.53 vs 4.18±0.38 g/dL, P=0.001) levels 

among patients with hypomagnesemia.

Metabolic parameters of the study 
patients
A significantly greater proportion of patients with hypo-

magnesemia had abdominal obesity (37.2% vs 22.9%, 

P=0.003), metabolic syndrome (38.44% vs 19.27%, 

P=0.026), and increased waist circumference (98.22±13.27 

vs 95.73±10.26 cm, P=0.043) compared to those with normo-

magnesemia. HDL-C was significantly lower in the hypomag-

nesemia group (48.88±14.03 vs 52.65±13.56 mg/dL, P=0.009) 

compared with normomagnesemia. Other metabolic parameters 

were not significant between the groups (Table 2).

Table 1 Characteristics of the study patients

Characteristics All patients 
(n=372)

Hypomagnesemia 
(n=180)

Normomagnesemia 
(n=192)

P-value

Age, year 72.52±5.43 72.96±4.70 72.11±6.02 0.134
Weight, kg 73.66±11.62 74.11±11.81 72.68±11.39 0.092
SBP, mmHg 132.07±18.01 132.33±16.85 131.82±19.08 0.785
DBP, mmHg 69.50±9.88 68.67±7.61 70.29±11.57 0.114
Hypertension 145 (39%) 75 (41.7%) 69 (35.9%) 0.215
Hemoglobin, mg/dL 12.35±1.49 12.27±1.49 12.43±1.50 0.315
CRP, mg/L 5.10±4.46 6.13±4.98 4.13±3.66 0.001
Albumin, g/dL 4.10±0.46 4.02±0.53 4.18±0.38 0.001
Smoking 42 (11.3%) 24 (13.3%) 18 (9.4%) 0.229
ARB or ACE-I usage 30 (8.1%) 16 (8.8%) 14 (7.2%) 0.572
CCB usage 31 (8.4%) 14 (7.7%) 17 (8.8%) 0.732
Beta-blocker usage 37 (9.9%) 17 (9.4%) 20 (10.4%) 0.755
Diuretic usage 18 (4.8%) 10 (5.5%) 8 (4.1%) 0.543
Alpha-blocker usage 20 (5.4%) 11 (6.1%) 9 (4.6%) 0.543
eGFR, mL/min/1.73 m2 30.46±11.80 31.64±12.09 29.35±11.44 0.061
Urine P/C, mg/dL 0.76±0.59 0.83±0.68 0.69±0.48 0.023
PTH, pg/mL 159.38±108.36 151.86±95.45 166.44±119.02 0.195
Magnesium, mg/dL 1.91±0.41 1.52±0.13 2.27±0.18 0.001
Calcium, mg/dL 9.37±0.54 9.41±0.49 9.34±0.58 0.196
Phosphorus, mg/dL 3.79±0.77 3.74±0.82 3.84±0.72 0.231

Note: Values expressed as mean ± standard deviation or n (%).
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; CRP, C-reactive protein; ARB, angiotensin receptor blocker; ACE-I, angiotensin-converting 
enzyme inhibitor; eGFR, estimated glomerular filtration rate; PTH, parathyroid hormone; P/C, protein-to-creatinine; CCB, calcium-channel blocker.

Table 2 Metabolic parameters of the study patients

Characteristics All patients 
(n=372)

Hypo-Mg 
(n=180)

Normo-Mg 
(n=192)

P-value

Body mass index, kg/m2 27.41±4.11 27.19±3.67 27.71±4.54 0.226
Waist circumference, cm 96.78±11.78 98.22±13.27 95.73±10.26 0.043
Obesity 68 (18.3%) 35 (19.4%) 33 (17.18%) 0.574
Abdominal obesity 111 (29.8%) 67 (37.2%) 44 (22.9%) 0.003
Metabolic syndrome 108 (29%) 71 (38.44%) 37 (19.27%) 0.026
Metabolic syndrome score 1.69±1.13 1.79±1.15 1.59±1.11 0.089
Total cholesterol, mg/dL 194.05±50.09 191.10±52.73 196.82±47.45 0.271
HDL-C, mg/dL 50.83±13.90 48.88±14.03 52.65±13.56 0.009
LDL-C, mg/dL 116.42±40.49 115.32±41.31 117.45±39.78 0.614
Triglyceride, mg/dL 134.45±73.06 135.32±70.15 133.63±75.86 0.824
Uric acid, mg/dL 7.00±1.77 7.00±1.97 6.99±1.56 0.986
Glucose, mg/dL 105.42±12.40 104.38±12.57 106.39±12.20 0.119

Note: Values expressed as mean ± standard deviation or n (%).
Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Hypo-Mg, hypomagnesemia; normo-Mg, normomagnesemia.
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ED prevalences, ED scores, and ED 
severities in study groups
The prevalence of ED was 81.7% in the entire survey 

population, and a significantly greater proportion of patients 

with hypomagnesemia had ED compared to those with 

normomagnesemia (93.3% vs 70.8%, P,0.001; Figure 1). 

The mean IIEF-5 score was significantly lower in hypo-

magnesemic patients compared with normomagnesemics 

(8.97±5.87 vs 12.97±8.51, P,0.001). A significantly greater 

proportion of patients with hypomagnesemia had severe ED 

and mild-to-moderate ED compared to those with normo-

magnesemia (12.2% vs 5.2%, P=0.016 and 62.8% vs 43.8%, 

P=0.037, respectively; Table 3).

ROC curve analysis and predictive values
Using the ROC curve analysis, we found that serum magne-

sium #1.85 mg/dL was the best cutoff point for the prediction 

of ED with a sensitivity of 73.0% and a specificity of 15.3%. 

Area under the curve was 0.842, 95% CI: 0.800–0.883, 

P,0.001 (Figure 2). The cutoff point of magnesium levels 

that we found in ROC curve analysis for the prediction of 

ED was almost the same as that we used for the definition 

of hypomagnesemia in our study. With an 81.7% prevalence 

of ED, we found that the positive predictive value of 

serum magnesium #1.8  mg/dL was 87.8%, and that the 

negative predictive value of serum magnesium #1.8 mg/dL 

was 66.7%.

Univariate and multivariate variables 
associated with ED
We used univariate analysis to study 11 different possible risk 

factors for developing ED. Univariate variables associated 

with ED were hypomagnesemia, age $70 years, hyperten-

sion, smoking, urine P/C $500  mg/dL, CRP .5  mg/L, 

and abdominal obesity (.112  cm). These variables were 

confirmed after a multivariate analysis. After adjusting 

for potential confounding factors by multivariable logistic 

regression, ED was associated with hypomagnesemia 

(RR =2.27, P=0.001), age $70 years (RR =1.74, P=0.001), 

urine P/C $500  mg/dL (RR =1.80, P=0.001), smoking 

(RR =21.12, P=0.001), CRP .5 mg/L (RR =1.34, P=0.003), 

abdominal obesity (RR =3.92, P=0.001), and hypertension 

(RR =2.14, P=0.031; Table 4).

Discussion
The main novel findings of this study are that we found a 93.3% 

prevalence of ED in hypomagnesemic non-diabetic elderly 

patients with stage 3 and 4 CKD. The present study was the 

first which reported the prevalence of ED in hypomagnesemic 

CKD patients. Second, individuals with a serum magnesium 

level of ,1.8 mg/dL were 1.31 times more likely to develop 

ED than those in magnesium level .1.8 mg/dL (93.3% vs 

70.8%). Third, hypomagnesemia is a risk for ED with a 

RR of 2.27. Fourth, this study shows a significant positive 

association between hypomagnesemia and the ED severities 

among the patients. Patients with hypomagnesemia have high 

prevalence of severe (62.8%) ED. Fifth, high prevalence of 

abdominal obesity, proteinuria, and increased CRP levels in 

hypomagnesemic patients may explain the high risk of ED. 

Figure 1 Incidence of ED in the study groups.
Note: Values are expressed as percentage of ED (ED-developed patients/total 
number of patients in the group).
Abbreviations: ED, erectile dysfunction; Hypo-Mg, hypomagnesemia; Normo-Mg, 
normomagnesemia; RR, relative risk.

Table 3 Comparison of the ED severities and mean IIEF-5 score in the study patients

All patients 
(n=372)

Hypomagnesemia 
(n=180)

Normomagnesemia 
(n=192)

P-value

IIEF-5 scores (mean ± SD) 11.03±7.61 8.97±5.87 12.97±8.51 ,0.001
No ED, n (%) 68 (18.3%) 12 (6.7%) 56 (29.2%) ,0.001
Mild ED, n (%) 28 (7.5%) 14 (7.8%) 14 (7.3%) 0.859
Mild-to-moderate ED, n (%) 32 (8.6%) 22 (12.2%) 10 (5.2%) 0.016
Moderate ED, n (%) 47 (12.6%) 19 (10.6%) 28 (14.6%) 0.243
Severe ED, n (%) 197 (53%) 113 (62.8%) 84 (43.8%) 0.037

Notes: Values expressed as mean ± standard deviation or n (%). No ED score: 22–25, mild ED score: 17–21, mild-to-moderate ED score: 12–16, moderate ED score: 8–11, 
severe ED score: 5–7.
Abbreviations: ED, erectile dysfunction; IIEF-5, International Index of Erectile Function-5.
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Finally, we found that serum magnesium level #1.85 mg/dL 

is the best cutoff point for prediction of ED.

The self-administered questionnaire of the IIEF-5 has 

been used widely in studies to detect the presence and the 

severity of ED in elderly and in CKD patients.5,24 Therefore, 

we used IIEF-5 for assessment of ED in the present study. 

ED is currently one of the most common sexual dysfunc-

tions in the elderly CKD population. People aged $65 years 

comprise the fastest growing segment of the world. Sexual 

function is an important component of quality of life.1–3 

Our study population include elderly CKD persons who 

are at high risk for ED. If we can decrease the incidence 

of ED among elderly CKD males, quality of life of these 

patients would be improved. Several studies confirm the 

high prevalence and severity of ED among elderly men with 

CKD.1,2,4,10 ED affects only 2%–4% of men in their 40s but 

almost 80%–90% of all men over the age of 80.1,9,10,25 The 

prevalence of ED among male CKD patients is estimated 

to be ~80%, and up to 90% of elderly men with CKD have 

ED.6–8,26 Mesquita et al reported that the prevalence rates of 

ED in CKD outpatients with stages 3, 4, and 5 were 72.3%, 

81.5%, and 85.7%, respectively.26 In our study, we have 

excluded most of the comorbidities that could contribute to 

ED because of the observed real effect of hypomagnesemia 

on ED. Therefore, the prevalence of ED in our study might 

be lower than in the non-selected patient population. How-

ever, the high prevalence (81.7%) and severity (53% severe 

ED) of ED among all elderly CKD patients in our study are 

compatible with the published reports.

Several mechanisms have been suggested as etiologic 

factors for ED in elderly patients with CKD, most of which 

are associated with age, hypertension, obesity, hyperlipi-

demia, diabetes mellitus, cardiovascular disease, neurological 

and hormonal disorders, alcohol abuse, and smoking.2–4,27–31 

CKD has also gained attention as a risk factor for ED.17,25,26,32 

In the present study, we found that in addition to the well-

known classical risk factors, hypomagnesemia, high CRP 

levels, abdominal obesity, and proteinuria are predictors of 

ED. Some essential minerals, such as zinc, magnesium, and 

selenium, may have role in erectile function.17,33–36 Hypo-

magnesemia may lead to ED can be explained by an associa-

tion between hypomagnesemia and decreased NO.13 NO is 

important in initiating and maintaining erection, and ED is 

associated with reduced plasma NO levels and endothelial 

Figure 2 ROC curve analysis of serum magnesium levels for the prediction of ED.
Notes: Cutoff value of serum magnesium: #1.85  mg/dL. Sensitivity =73.0%, 
specificity =15.3%. Area under the ROC curve: 0.842, 95% CI: 0.800–0.883, P,0.001.
Abbreviations: ROC, receiver operating characteristic; ED, erectile dysfunction; 
CI, confidence interval.

Table 4 Risk factors for ED by logistic regression

Variable Univariate analysis Multivariate analysis

RR 95% CI P-value RR 95% CI P-value

Hypomagnesemia 2.40 1.57–3.80 0.001 2.27 1.50–3.56 0.001
Age $70 years 1.85 1.16–3.03 0.001 1.74 1.06–2.72 0.001
Urine P/C $500 mg/dL 1.69 0.83–2.93 0.001 1.80 1.01–2.91 0.001
Smoking 19.63 18.82–20.64 0.001 21.12 20.30–22.45 0.001
CRP .5 mg/L 1.46 0.63–2.94 0.002 1.34 0.57–2.60 0.003
Abdominal obesity 3.93 1.39–11.08 0.010 3.92 1.75–8.75 0.001
Hypertension 2.39 1.10–5.19 0.027 2.14 1.07–4.29 0.031
eGFR ,30 mL/min/1.73 m2 0.77 0.34–1.76 0.544
Metabolic syndrome 0.95 0.29–3.06 0.934
HDL-C ,40 mg/dL 2.02 0.65–6.25 0.219
Albumin levels 1.00 0.36–2.73 0.995

Abbreviations: ED, erectile dysfunction; RR, relative risk; CI, confidence interval; eGFR, estimated glomerular filtration rate; P/C, protein-to-creatinine; CRP, C-reactive 
protein; HDL-C, high-density lipoprotein cholesterol.
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dysfunction.11,33 NO, the key element in endothelial func-

tion, needs magnesium for its synthesis.13 Hypomagnesemia 

decreases the NO levels and decreases the blood circulation 

in penis by penile vasoconstriction. In addition, lack of 

magnesium affects the production of testosterone.1,17,37 Some 

small studies in patients with normal kidney function pos-

tulate a role of decreased seminal magnesium in premature  

ejaculation. In a case–control study by Aloosh et al,38  

it was demonstrated that there was a significant relation-

ship between seminal plasma magnesium and premature 

ejaculation. The same results were found in a case–control 

study of 38 patients by Nikoobakht et al.36 However, these 

studies have not found any relation between serum magne-

sium and premature ejaculation.

Inflammation, metabolic syndrome and its components 

were independently associated with hypomagnesemia and 

ED.4,29,39,40 Compatible with the literature, in our study we 

documented that high CRP levels, abdominal obesity, and 

hypertension were risk factors for ED.28,29,31,39–42 However, we 

have not found any association between metabolic syndrome, 

low HDL-C, and ED in multivariate analysis. Similar to 

other studies, we found that smoking is a strong risk factor 

for ED.26,28,32 Several studies have shown that proteinuria 

is associated with ED, especially in diabetic patients.30,43–45 

In a cross-sectional study of 455 men with type 2 diabetes, 

ED had a strong association with macroalbuminuria than 

microalbuminuria.46 In the present study, we found that there 

is a strong relation between urine P/C $500 mg/dL and ED 

in non-diabetic subjects. The possible explanation why we 

have found a higher prevalence of ED in hypomagnesemic 

subjects may be related to high levels of CRP, proteinuria, 

and abdominal obesity, which all may reflect endothelial 

dysfunction.12 In multivariate analyses, we found that all 

these three conditions were associated with ED, and that all 

were high in hypomagnesemic patients.

Strength and study limitations
The strength of this study includes that this is the first report to 

investigate the correlation between ED and hypomagnesemia 

in elderly men with CKD. The present study has several 

limitations: First, we did not measure levels of gonado-

tropins, testosterone, prolactin, NO, and seminal plasma 

magnesium which are important causes of ED. Second, we 

have not assessed blood flow of the penis. Third, the possible 

reasons for hypomagnesemia in our study may be secondary 

to reduced dietary magnesium intake or renal loss of mag-

nesium. We have not measured the dietary intake or renal 

loss of magnesium. Finally, this study included only Turkish 

men, and thus, cultural and sociodemographic differences 

might have affected our results. How can we adapt the find-

ings of the present study to the clinical practice? Current 

findings suggest that ED is highly prevalent in men with 

hypomagnesemia. Therefore, elderly patients with ED should 

be screened for hypomagnesemia. Correction of hypomag-

nesemia may lead to improvement in erectile function.

Conclusion
ED is common among elderly patients with hypomagnesemia. 

Serum magnesium measurement is an easily available 

and inexpensive marker. Therefore, detecting the serum 

magnesium level in non-diabetic elderly men with CKD 

seems to be a useful guide in assessing the risk of ED.
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