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Erectile Dysfunction in Young Men: Testosterone, Androgenic Polymorphisms, and 

Comorbidity with Premature Ejaculation Symptoms  
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1Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod, Russia 
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ABSTRACT 

Background: The association between erectile dysfunction (ED), free testosterone (T) and 

androgenic genetic polymorphisms is still unclear. As most studies in the field have focused on 

older (>40 y.o.) men, data from young men is scarce. Also, the clinically observed comorbidity 

between ED and premature ejaculation (PE) has not been explained. 

Aim: The aim of the present study was threefold: to assess in a sample of young men 1) the 

association between ED and T; 2) the role of androgenic genetic polymorphisms in the 

aforementioned association; and 3) comorbidity between ED and PE symptoms. 

Methods: Statistical analyses were performed on a population-based sample of 2,302 Finnish men, 

(Mage = 26.8 years). Hormone samples were available from 317 men, and genotype information 

was available from a minimum of 1,144 men depending on genetic locus. For twin analyses, the 

sample contained 533 male individuals from opposite-sex fraternal twin pairs, 491 identical male 

individuals (110 complete pairs), 493 male individuals from male fraternal twin pairs (92 

complete pairs) and 658 siblings of twins. 

Outcomes: The main outcome measure includes association between levels of salivary T and 

ED, main effects of the androgen-related genetic polymorphisms on ED scores. Bivariate twin 

models of PE and ED were fitted to elucidate possible shared etiology.  

Results: We found no significant association between T levels and ED, and no significant main 

effects of the androgenic genetic polymorphisms on ED. We found no evidence suggesting that 



any of the genetic polymorphisms would moderate the association between T and ED symptoms. 

We found shared unique environmental influences between PE and ED (rE = .28). 

Clinical Translation (one sentence): Obtained data suggest that ED has T-independent causes, 

and that any comorbidity between PE and ED is not explained by a set of genes affecting both 

phenotypes. 

Strengths & Limitations: First, the sample size for both parts of the study was relatively small, 

which may make some statistical analyses underpowered. Furthermore, as the sample was a 

population-based sample of relatively young men, the number of clinically relevant ED cases 

was low. Second, some concerns about T derived from saliva exists, because saliva sampling 

comes with increased risks of error particularly because saliva samples are more vulnerable to 

contamination. 

Conclusion: We found no significant association between free testosterone levels, androgenic 

genetic polymorphisms and erectile dysfunction in younger age cohort. Twin analysis suggested 

a common non-shared environmental component in PE and ED. 
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INTRODUCTION 

According to the current (fifth) edition of the American Psychiatric Association’s 

Diagnostic and Statistical Manual of Mental Disorders (DSM-5), erectile dysfunction (ED) is 

characterized by a recurrent inability to achieve or maintain an adequate erection during 

partnered sexual activities.1 It is a common sexual dysfunction, with higher prevalence in older 

age groups.2 The multinational Men’s Attitudes to Life Events and Sexuality (MALES) study3 

showed that self-reported ED prevalence increased from 11% in 30-39 year-old men to 37% in 

men aged 70-75 years. Besides aging, ED is known to present in conjunction with coronary 

artery disease (CAD), type 2 diabetes, and other endocrinopathies such as hypogonadism, 

hyperthyroidism and hypothyroidism. For example, Montorsi and colleagues4 showed that 67% 

of men who experienced ED developed CAD in average in 39 months after. Moreover, Inman 

and colleagues5 multivariately modeled age groups, vascular risk factors and ED status in a 

random sample of 1402 community-dwelling men, and found evidence that symptoms of 

coronary artery disease have a causal effect on ED symptoms with a hazard ratio of 2.1 (95% CI, 

1.5-2.9). In addition, ED often presents as a complication of diabetes type 2, with prevalence on 

a grand scale from 35% to 90 %, depending on the study.6 Furthermore, ED may be a strong 

predictor of poor generic and disease-specific quality of life in patients with diabetes type 2, as 

was shown by Malavige and colleagues6 in a cross-sectional observational-study of 253 men. For 

men under age 40, direct or indirect hormonal causes of ED can include conditions such as 

Klinefelter syndrome, congenital hypogonadotropic hypogonadism, and acquired 

hypogonadotropic hypogonadism.7 Despite the fact that hormonal sources of ED appear 

uncommon in younger men, potential endocrine causal agents are important to study in younger 

men for better understanding of processes underling ED development and to detect potential 

harbingers of this pathology. 

Among all hormones involved in penile erection regulation, testosterone (T) is one of the 

most well-known. The main physiological effect of T on male sexual response is widely studied, 



and represents a time regulation of erectile process serving for coordination of penile erection 

with sex.8 In addition, T as well as other androgens has considerable impact on trabecular 

smooth muscle cells and modulates endothelial function in penile vessels.9 Low T levels are 

often associated with ED, CAD and metabolic diseases.8 On the other hand, results, obtained 

from 323 Finnish middle-aged men (56-58 years old) by Suija et al.10, also showed that ED is 

independently associated with depression symptoms and obesity, but not with the testosterone 

levels. Results from the Massachusetts Male Aging Study (MMAS), conducted on 625 men (40 

to 70 y.o.) by Kupelian et al.11 supports abovementioned data showing no effect of both total and 

bioavailable T levels on ED.  At the same time, some evidence exists that exogenous T treatment 

can improve erectile function, but only in hypogonadal (i.e., not eugonadal) men.12 Thus, 

available data are contradictive, and also the most well-studied age group in studies dedicated for 

the T and ED interactions is aging men (a PubMed search suggests 291 result for “erectile 

dysfunction testosterone aging men” vs. 61 results for “erectile dysfunction testosterone young 

men”), despite recent evidence suggesting that the number of young men (≤ 40 y.o.) suffering 

from ED is growing.13 Thus, researchers have shifted their attention to ED in the younger age 

groups2,13-15, but the interplay between T and ED in younger men is still not well-studied and 

data are scant. While only 4% of young men suffering from ED were found to have low 

testosterone, its contribution to ED in this population is still unclear.7 Moreover, some studies 

conducted on older men showed that not only T itself can have an influence on the ED, but also 

some androgen-related genetic polymorphisms can moderate T and ED associations. For 

example, the activity of androgen receptor (AR), which binds T, is modulated by a polymorphic 

CAG repeat in the AR encoding gene. The results of a study on 41–70-years old men suggest that 

the length of the AR gene CAG repeat polymorphism may play a role in setting different 

thresholds for the array of androgen actions.16 Men having ≥23 CAG repeats reported decreased 

potency less often compared to men with fewer CAG repeats. Also, there is evidence to suggest 

that sex hormone-binding globulin (SHBG) and steroid 5-alpha reductase (5AR) may also 



influence on associations between T and ED, as SHBG binds tightly to T in the blood serum, and 

5AR catalyzes the reduction of T to its more potent metabolite dihydrotestosterone in an 

irreversible manner.17,18 In a study on aging Taiwanese men (41-83 y.o.), Liu et al.19 found that 

longer AR CAG repeat length was an independent risk factor for ED in subjects with total serum 

T above 330 ng/dL, but cautioned that since some contradictory results exist in the literature, 

more population-based studies conducted in samples of different ethnic origin are needed. The 

Fangchenggang Area Males Health and Examination Survey (FAMHES)20 conducted on 733 

Chinese men (20-69 y.o.), showed that men with low free T and high SHBG simultaneously had 

the highest ED risk (adjusted risk ratio = 4.61, 95% CI: 1.33–16.0). It is possible that 

polymorphic variants of the AR, 5AR and SHBG are involved in the complex interplay between 

variations of steroid hormones, however such interactions have to our knowledge not been 

studied in the context of ED.  

Thus, ED appears to be a strong predictor of future CAD and associated with diabetes type 

2. However, endocrinal causes of ED are still not fully understood, especially in younger men. In 

particular, data about interplay between T and ED in men under 40 y.o. are scant and need to be 

expanded. Besides, even less data about genetic moderation of the association between T and ED 

exists, and almost all studies that have involved such analyses have featured samples consisting 

of older men (>40 y.o.).  

Moreover, ED is relatively strongly correlated (and frequently occurs comorbidly) with 

premature ejaculation (PE).21,22  PE has been defined by the International Society for Sexual 

Medicine23 as “1. Ejaculation that always or nearly always occurs prior to or within about 1 

minute of vaginal penetration (lifelong PE) or a clinically significant and bothersome reduction 

in latency time, often to about 3 minutes or less (acquired PE). 2. The inability to delay 

ejaculation on all or nearly all vaginal penetrations. 3. Negative personal consequences, such as 

distress, bother, frustration, and/or the avoidance of sexual intimacy”, (pp. 61-62). Unlike ED, 

the etiology of PE is mostly unknown. Research from the last decade has suggested that PE is 



partly heritable, with around 30% of its variance being of genetic origin24, while heritability of 

ED was suggested in 2004 by Fisher and colleagues25 (35% for dysfunction in having the 

erection and 42% for maintaining the erection). Both PE and ED have also been associated with 

hormonal abnormalities.26 In a study of the endocrine backgrounds of PE and ED, involving 

2652 outpatients, T levels as a function of ejaculatory difficulties (from 0 = severe PE to 7 = 

anejaculation) progressively decreased from patients with severe PE towards patients with 

anejaculation. For thyrotropin and prolactin levels results were in the opposite direction. These 

results suggest that PE and ED are located on the opposite sides of the same hormonal 

spectrum.26 Corona and colleagues27 conducted a meta-regression analysis study on a total of 

57,229 patients to further investigate comorbidity between ED and PE. They found that presence 

of PE increased the risk of ED fourfold, concluding that ED and PE should be seen in a 

dimensional perspective. However, it is unknown what accounts for the comorbidity between ED 

and PE, and it is possible that both biological factors (e.g., a shared genetic etiology) and 

environmental factors (e.g., lifestyle) are contributing factors. 

Aims  

The first aim of the present study was to assess the association between free 

testosterone levels, the AR CAG repeat polymorphism and ED to investigate if previous findings 

from older age cohorts would replicate in a sample of younger men. Based on previous findings, 

we hypothesized that free T would not be associated with ED directly, but we expected to the AR 

CAG repeat polymorphism to have a moderating effect on the association between free T and 

ED, so that a lower number of CAG repeats was expected to be associated with higher free T 

levels.  The second aim was test whether six functional polymorphisms in the AR, SHBG and 

5AR genes would moderate the association between free T and ED symptoms, and explain the 

ambiguous findings regarding the free T-ED association in the literature. The third aim of the 

present study was to try to elucidate the comorbidity between PE and ED by applying bivariate 



twin models to measure the extent to which genetic and environmental factors are shared 

between the two. 

MATERIALS AND METHODS 

Participants 

In the present study, a sample of 2,722 male twin individuals and brothers of twins 

was used. These men had participated in the Genetics of Sexuality and Aggression study, a 

population-based study of Finnish twins and siblings of twins stemming from a data collection 

carried out in 2006.28 Participants were asked to complete a questionnaire via postal mail or 

online. The overall response rate for this data collection was 45%. Individuals who had missing 

values on more than 50% of the items measuring ejaculatory function were excluded from 

further analyses (n = 420), resulting in a sample of 2,302 men available for statistical analysis (M 

= 26.8 years, SD = 4.7, range 18–48). Genotype information was available for n = 1,144–1,345 

genetic polymorphisms (the n fluctuated somewhat between the different polymorphisms 

because of individual occasions of genotyping failure). Hormone samples were available for 317 

men who had also responded to questionnaire items regarding ejaculatory function. All 

participants provided written informed consent. The data collection procedures have been more 

extensively elaborated.28 

 

DNA Extraction and Genotyping 

One AR gene tandem repeat polymorphism, one AR gene single nucleotide 

polymorphism (SNP), two SHBG SNPs, and two steroid 5AR SNPs were genotyped using saliva 

samples (see Table 1). Saliva samples were collected using the OrageneTM (DNAGenotek, Inc., 

Ontario, Canada) DNA self-collection kits that were posted to the participants and returned by 

them by mail. The participants were instructed to follow the manufacturer’s instructions in 

collecting the samples and to deposit approximately 2 mL of saliva into the collection cup. When 

an adequate sample was collected, the cap was placed on the cup and closed firmly. The 



collection cup is designed so that a stabilizing solution from the cap is released when closed. 

This solution mixes with the saliva and stabilizes the saliva sample for long-term storage at room 

temperature or in low-temperature freezers. Genotyping of SNPs was conducted by LGC 

Genomics (formerly KBiosciences) in the United Kingdom (http://www.lgcgenomics.com) using 

the KASPar chemistry, a competitive allele specific polymerase chain reaction (PCR) SNP 

genotyping system performed with Förster resonance energy transfer quencher cassette oligos.  

The PCR of the CAG repeat in the AR was performed in a total volume of 15 μL 

containing about 50 ng DNA, 0.5 U HotStarTaq DNA polymerase (Qiagen, Limburg, the 

Netherlands), and 0.2 μM each of the following primers:  

5′-GTGCGCGAAGTGATCCAG A-3′ and  

5′-GTTTCCTCATCCAGGACCAGGTA-3′, with the forward primer fluorescently labeled 

with 6-Carboxyfluorescein. Nucleotides promoting the nontemplated addition of adenine by Taq 

DNA polymerase were added to the 5′end of the reverse primer.29 The thermal cycling was 

performed with the following temperature profile: 95°C for 15 minutes followed by 35 cycles of 

95°C for 30 seconds, 57°C for 30 seconds, and 72°C for 30 seconds, with a final incubation at 

72°C for 7 minutes. We analyzed the fluorescently labeled DNA fragments by size with 

automated capillary electrophoresis using the 3,730 Genetic Analyzer (Applied Biosystems/Life 

Technologies, Carlsbad, CA, USA). The actual number of repeats corresponding to a specific 

fragment length was determined by sequencing.30 

 

Hormone Analyses 

The participants received a Salivette® (SARSTEDT AG & Co., Nümbrecht, 

Germany) hormone sampling kit by mail and were instructed to provide a saliva sample for 

hormone analyses in the morning after waking up before brushing their teeth, or drinking or 

eating anything, preferably prior to 9 am. Samples were collected using a cotton bar, which the 

participants were instructed to chew for at least 1 minute (the instruction leaflet specified that the 



cotton bar should preferably be completely soaked in saliva). They were informed that they 

could smoke prior to providing the sample, but that they should take any medication only 

afterward. A return express mail envelope was provided for returning the sample. The 

participants also provided information on a number of variables that could affect their 

testosterone levels. In total, 461 men provided analyzable saliva samples (note that only 317 of 

these had completed the phenotypic questionnaires used in the present study). Salivary 

testosterone levels (equivalent with free T)31 were determined by a modified testosterone RIA 

(Spectria testosterone RIA; Orion Diagnostica, Espoo, Finland), as previously described for sera 

determination.32 The lower limit of detection was 0.030 nmol/L, and the lower limit of 

quantitation was 0.100 nmol/L. For saliva, the intra-assay coefficient of variation (CV) was 22% 

for concentrations of 0.170 nmol/L (n = 20). The interassay CVs were 21% for 0.150 nmol/L and 

18% for 0.280 nmol/L (determined as a duplicate in 20 assays). The total analytical imprecision 

were 24% for 0.150 nmol/L and 20% for 0.280 nmol/L. For evaluation of repeated thawing, 

saliva samples were thawed/ frozen seven times. It was found that the testosterone concentration 

was not affected by repeated freeze/thaw cycles. The modified RIA is an accredited assay by 

Swedish Board for Accreditation and Conformity Assessment (SWEDAC) quality control 

agency in Sweden, SS-EN ISO 15189 (no. 1899).  

The overall mean free T level was 0.280 (SD = 0.145) nmol/L. Levels below 0.030 nmol/L 

were recorded to zero in order to reduce error variance. Of the samples, 88.6% were frozen the 

same day the samples were taken and an additional 8.4% the day after the samples were taken. 

The rest of the samples (3.0%) were frozen between three and 9 days after the sample was taken. 

The time that had passed since the sample taking was not related to the free T level (P < .936). 

Taking the sample before or after 9 am was not related to free T levels (P < .823). Smoking prior 

to giving the sample was reported by 5.8% of the men and was not related to free T levels (P < 

.651). Those who reported consuming alcohol during the 24 hours preceding the saliva sample 

were 22.9% of the men. Men who had consumed alcohol on the day before had significantly 



lower free T levels (Mnmol/L = 0.258, SE = 0.013) compared with men who had not consumed 

alcohol (Mnmol/L = 0.288, SE = 0.008, Wald χ2 [1] = 3.90, P < .048).  

Main Outcome Measures 

The five-item version of the International Index of Erectile Function (IIEF-5)33 was 

used to measure presence and severity of ED. The items cover the ability to achieve and maintain 

an erection hard enough for penetration and satisfaction with intercourse. IIEF-5 is a world-wide 

used questionnaire with high test–retest reproducibility of the scale and its subscales, and high 

Cronbach’s alpha coefficients. In the present study, the reliability of this measure was α = .698. 

For ease of interpretation, the original scale was transformed so that higher scores would indicate 

more severe symptoms (23-25 = severe ED; 19-22 = moderate ED; 14-18 = mild to moderate 

ED; 9-13 = mild ED; 5-8 = no ED)33. Descriptive statistics are presented in the Jern et al. 

paper34, since the population sample for the present and the study cited34 was the same. In brief, 

no ED was found in 84.8% of the participants, mild ED was found in 13.2% of the participants 

and mild to moderate ED in 1.6%. No participant had severe ED. 

The Multiple Indicators of Premature Ejaculation were used to access premature 

ejaculation.35 This questionnaire includes seven back-translated into Finnish items, five of which 

are responded to on a five-point Likert scale and two on a three-point Likert scale, with higher 

scores indicating the more severe PE symptoms. Participants reported their ejaculatory function 

during the past 2 years. This instrument has previously been shown to have good validity, and it 

covers diagnostically relevant aspects of PE, including ejaculation latency time.36 

Statistical Analyses 

Generalized Estimating Equations were computed with the IBM SPSS Statistics 21 (IBM 

Corp, Armonk, NY, USA). For individuals who had responded to more than 50% of the 

questionnaire items, missing values were imputed using the expectation maximization method of 

the Missing Value Analysis procedure of IBM SPSS Statistics 21 using intra-scale information. 

All analyses concerning genetic polymorphisms were conducted separately for each 



polymorphism. The number of covariates was kept as low as possible (age was included as a 

covariate in all analyses; body-mass-index was included only in analyses involving free T) to 

minimize statistical interference. Continuous variables were centralized to have a mean of zero 

prior to interaction effect analyses. The AR CAG polymorphism was also analyzed as a 

continuous variable taking into account the fact that men can carry only one allele of AR CAG 

tandem repeat polymorphism since it is located on the X chromosome. 

Twin modeling 

The phenotypic correlation of a twin pair is a result of shared additive genetic influences 

(A), dominant or non-additive genetic influences (D), and their common or shared environment 

(C), which includes all environmental (non-genetic) factors, making siblings growing up in the 

same household similar to each other. The non-shared environment (E), in its turn, includes all 

environmental factors contributing to differences between twins, and contains error of 

measurement.37 According to the twin design, variance in an observed phenotype can be 

calculated as Vp = A + D + C + E,37 which makes possible to estimate contribution of this 

factors to phenotype.       

For twin analyses, the sample contained 533 men from opposite-sex dizygotic twin pairs 

(DZO), 493 men from same-sex dizygotic twin pairs (DZM; 92 complete pairs), 491 

monozygotic twin individuals (MZM, 110 complete pairs), and 658 siblings of these twins. 

Twins whose zygosity could not be determined were removed from the analyses and only one 

additional sibling per family was included in twin analyses, so that each family consisted of a 

maximum of three individuals. For premature ejaculation, twin intraclass correlations were 

calculated using IBM SPSS Statistics 21 (IBM Corp, Armonk, NY, USA). Tetrachoric 

correlations were calculated for the binary erectile dysfunction variable using OpenMx.38,39 PE 

was modeled as a continuous variable, while the ED variable was dichotomized according to 

established diagnostic cut-offs in order to reduce variance. Thus, the sample was divided into 

two groups: individuals with no ED symptoms (27 or more IIEF-5 points, n = 1765) and 



individuals with any degree of ED symptoms (26 or fewer IIEF-5 points, n = 410). A joint binary 

(ED) – continuous (PE) bivariate correlated factors model (which is based on Cholesky 

decomposition) was fit to the data in order to estimate the extent to which genetic and 

environmental influences would be shared across PE and ED. The effect of age was modeled on 

the mean at the same time as partitioning the observed variance in PE and ED into additive 

genetic, shared environmental and non-shared environmental effects. Nested models were 

compared by calculating the difference in the fit function (–2 * Log-likelihood of data) and 

degrees of freedom of the two models. The subtraction gives a χ2-value and associated degrees of 

freedom, which can be tested for significance. In addition, the Akaike Information Criterion 

(AIC)40 was used as an additional index of model fit (lower AIC values indicate better fit). 

 

Ethics Statement 

Written informed consent was a prerequisite for participating in the study. All the 

participants were clearly informed about the voluntary nature of the study via a cover letter. The 

research plan was approved by the Ethics Committee of the Åbo Akademi University in 

accordance with the 1964 Declaration of Helsinki. 

 

RESULTS 

Descriptive Statistics 

The mean level of free testosterone in the sample was 0.28 nmol/L, ranging from <0.03 to 

1.35, which is comparable with previous studies conducted on samples of men of similar age.32,41 

Altogether 1,345 individuals had valid genotype information for the AR CAG repeat 

polymorphism, and the number of repeats varied between 6 and 33 (M = 20, SD = 8.51; Md = 20 

[161 occurrences], the most common genotype being 19 repeats [260 occurrences]). Descriptive 

statistics for the five SNPs are presented in Table 1. The frequency of one of one SNP’s 

(rs2208532 in the SRD5A2 gene) genotypes differed from what would have been expected based 



on observations of its allele frequencies (HWE χ2 = 3.95, p < .05), however, this deviation was 

not significant after controlling for multiple comparisons. 

 

Table 1. Descriptive statistics for the androgen-related single nucleotide polymorphisms 

Gene Polymorphism Genotype Frequency (%) HWEχ2 

AR rs6152 G 1019 (85.4) N/A 

(monoallelic) 

  A 174 (14.6)  

SRD5A2 rs2208532 A:A 415 (34.8) 3.95 * 

  A:G 548 (46.0)  

  G:G 229 (19.2)  

 rs523349 C:C 585 (48.7) 0.63 n.s. 

  C:G 498 (41.5)  

  G:G 118 (9.8)  

SHBG rs1799941 G:G 653 (54.7) 2.67 n.s. 

  A:G 445 (37.3)  

  A:A 96 (8.0)  

 rs6259 G:G 1034 (85.5) 0 n.s.  

  A:G 168 (13.9)  

  A:A 7 (0.6)  

Notes: The AR gene is located on the X chromosome, thus males carry only one allele of the AR 

polymorphism. 

A = adenine; G = guanine; T = thymine; C = cytosine; AR = androgen receptor; SRD5A2 = 5-

alpha reductase type 2; SHBG = sex hormone-binding globulin; 

HWE = Hardy–Weinberg equilibrium; n.s. = not significant, *  p < .05. 

 



Hormonal and Genotypic Analyses 

As expected, we found no significant association between levels of salivary T and ED 

(Wald χ2 [1] = 0.0001, p < .991). As can be seen in Table 2, we did not find any significant main 

effects of the androgen-related genetic polymorphisms on ED scores either (Table 2). 

Furthermore, we did not find evidence suggesting that any of the six androgen-related genetic 

polymorphisms would moderate the association between T and ED scores (all ps > .05). 

 

Table 2. Associations between androgen-related genetic polymorphisms and erectile dysfunction  

Gene Polymorphism Wald χ2 df p 

AR CAG repeat 0.308 1 .579 

 rs6152 0.010 1 .981 

SRD5A2 rs2208532 1.260 2 .533 

 rs523349 1.358 2 .507 

SHBG rs1799941 1.722 2 .423 

 rs6259 0.805 2 .669 

AR = androgen receptor, SRD5A2 = 5-alpha reductase type 2, SHBG = sex hormone-binding 

globulin; df = degrees of freedom.  

Age and was used as covariate in all analyses. 

 

Twin modelling   

The twin correlations, presented in Table 3, were generally small for both PE and ED. 

Twin correlations for the PE phenotype suggested small to moderate heritability as shown in 

Table 3 (stronger correlations between identical twin pairs compared to non-identical twin pairs 

and twin-sibling constellations), corroborating previous research. However, the twin correlations 

did not clearly suggest a heritable component in the etiology for ED.  

 



Table 3. Twin correlations (with 95% confidence intervals) for premature ejaculation and 

erectile dysfunction 

Twin type Premature ejaculation Erectile dysfunction 

MZ .28 [.10, .44]  -.05 [-.42, .32] 

DZ -.03 [-.24, .17]  .18 [-.38, .62] 

Note. MZ = monozygotic twin pairs 

DZ = dizygotic twin pairs   

 

A bivariate Correlated Factors model was used to assess genetic and environmental effects 

on PE and ED, as well as shared genetic and environmental influences on PE and ED. Shared 

environmental (C) effects could be dropped for both PE and ED, as well as additive genetic 

effects (A) for ED, without significant decreases in model fit (Table 4). Thus, the variance in ED 

was explained in full by non-shared environmental effects. After fixing the effect of shared 

environmental effects for PE to zero, the influence of additive genetic influences was significant, 

with the rest of the variance for PE being explained by non-shared environmental effects. 

Genetic and environmental estimates for both the full and the most parsimonious model can be 

seen in Table 5. There was a significant correlation in non-shared environmental influences (rE = 

.28, 95% CI = [.20, .36]) between PE and ED, indicating some overlap in environmental 

influences on both phenotypes. 

 

Table 4 

Model Fit Statistics of Biometrical Models 

Model Tested 

against 

-2LL df ∆ -2LL ∆ df p AIC 

1. ACEPE ACEED - 10159.58 3320 - - - 3519.58 

2. AEPE AEED 1. 10159.67 3323 0.08 3 .99 3513.67 



3. EPE AEED 2. 10176.23 3324 16.57 1 <.001 3528.23 

4. AEPE EED 2. 10160.6 3325 0.94 2 .63 3510.60 

5. No rE between PE 

and ED  

4. 10210.29 3326 49.69 1 <.001 3558.29 

Note. The most parsimonious biometrical model is marked in boldface type. AIC = Akaike 

information criterion, -2LL = - 2 * log likelihood, rE = non-shared environmental correlation. A = 

additive genetic effects, C = shared environmental effects, E = non-shared environmental effects. 

Premature ejaculation (PE) was modeled as continuous variable and ejaculatory dysfunction 

(ED) as a binary variable, with age included as a covariate. 

 

Table 5  

Proportions of Variance (with 95% confidence intervals) in Premature Ejaculation and 

Ejaculatory Dysfunction, Accounted for by Additive Genetic (A), Shared Environmental (C) and 

Non-shared Environmental Factors (E) 

Model A C E 

Full model    

PE .26 [.00, .40] .01 [.00, .22] .73 [.60, .87] 

ED .03 [.00, .32] .02 [.00, .24] .95 [.68, 1.0] 

Most parsimonious model    

PE .28 [.15, .41] .00a .72 [.59, .85] 

ED .00a .00a 1 

Note. A = Additive genetic effects, C = shared genetic effects, E = non-shared genetic effects 

including residual error variance. a = fixed to zero in most parsimonious model. Model fit 



statistics are presented in Table 4. Premature ejaculation (PE) was modeled as a continuous 

variable and ejaculatory dysfunction (ED) as a binary variable, with age included as a covariate. 

DISCUSSION 

In the present study, we found no significant associations between free T measured from 

saliva or six androgen-related genetic polymorphisms on ED. The mean age of the sample used 

in the present study was low compared to other studies focusing on ED and previous research 

has suggested that endocrinology-related ED is rare in younger men.2,42 Indeed, the men 

constituting the sample in the present study generally displayed few and non-severe ED 

symptoms. Nevertheless, studying interactions between ED and hormonal levels in young men is 

important, as men reporting ED symptoms in young age may be at increased risk of developing 

CAD or type 2 diabetes in the future.5 For example, in a longitudinal study following 9,457 men 

over 10 years, Thompson and colleagues43 found that ED was associated with a hazard ratio of 

1.25 (95% CI = 1.02-1.53; p = .04) for subsequent cardiovascular events. 

 On the one hand, our findings supported most part of previously published results10,11 

showing no significant associations between T and ED. However, Isidori and colleagues12 found 

that exogenous T treatment can improve erectile function in hypogonadal, but not eugonadal, 

men.  This fact can be one possible explanation to why we did not find a significant effect of T 

levels on ED in our sample, because this pathology is quite rare. For example, congenital 

hypogonadotropic hypogonadism has a probable prevalence of 1/4,000-10,000.7 With such low 

occurrence rates, it is possible – or indeed likely – that our sample contained no hypogonadal 

men. 

Another possible explanation can be the fact that quite a few of hormones (e.g., oxytocin 

and prolactin) are involved in erection regulation.44 It is possible that, if T plays a role in ED 

etiology, that T levels need to be measured as part of a complex with additional hormones 

involved in regulation of penile erection. For example, a significant effect of T and luteinizing 

hormone interaction on ED was described by Kupelian et al.11 They showed an association 



between increased total T levels and decrease in ED risk among men with luteinizing hormone 

levels greater than 6 IU/l, while only luteinizing hormone levels greater than 8 IU/l were 

associated with a higher ED risk compared to luteinizing hormone levels <6 IU/l. Thus, it could 

be promising to look for association between ED, T and some other hormones involved in penile 

erection regulation in young age men as a predictor for future comorbid pathologies in future 

research.  

 Surprisingly, our twin models suggested zero heritability for ED. Almost all complex 

traits are heritable to some extent45,46 and there are few, if any, reasons to suggest, that ED is an 

exception. The skewed nature of the ED variable, and limited number of participants showing 

symptoms, might have negatively influenced our statistical power to find robust effects. A 

previously conducted twin study on ED suggested a heritability of 35% for dysfunction in having 

the erection and 42% for maintaining the erection.25 However, the mean age of participants in 

Fisher’s study was 50 years. In our study mean age of participants was 26.8 years, which is a 

plausible explanation for this difference in ED heritability. In addition, research suggests that 

some traits have robustly been shown to follow a pattern where heritability increases with age.46 

For example, a large analysis performed on cross-sectional data obtained from 11,000 pairs of 

twins showed that the heritability of IQ increases significantly from 41% at age 9 to 55% at age 

12, and further to 66% at age 17.47 It has been hypothesized that this phenomenon occurs due to 

a process where new genetic influences coming “online” at different stages of development. 46 

Given the age-dependent nature of ED, it is quite conceivable that heritability estimates for ED 

could be near zero in younger age cohorts such as the one used in the present study and increase 

during the lifespan. This assumption is also supported by recent study in 36,649 multiethnic aged 

men (68.9 ± 10.8 y.o.). In this study, Jorgenson and colleagues48 found a specific genetic locus 

on chromosome 6, significantly associated with the ED appearance risk. This locus reside near 

single-minded family basic helix-loop-helix transcription factor 1 (SIM1) gene, which is related 

to both body weight homeostasis and sexual function. However, authors of this paper suggest 



that their locus of interest is associated only with ED risk, because this association is 

independent of BMI and other widely known ED risk factors.  

In the present study, we did not find any shared genetic or shared environmental effects 

shared between PE and ED. We found a significant correlation in non-shared environmental 

influences between PE and ED of .28 in magnitude, indicating some overlap between the 

environmental etiologies of these traits. It is conceivable that certain lifestyle factors, such as 

leading a sedentary lifestyle, could contribute to this shared variance as a sedentary lifestyle has 

been implicated in the etiology of both ED49 and PE50.   

The present study should be considered in light of the following limitations. First, the 

sample size for both parts of the study was relatively small, which may make some statistical 

analyses underpowered to detect small effect sizes. Furthermore, as the sample was a population-

based sample of relatively young men, the number of clinically relevant ED cases was low. This, 

by extension, means that there may not have been enough variance in ED symptoms for 

statistical analysis (however, as ED has also been implicated in young men, we believe that the 

results are valuable despite this as ED is understudied in younger age cohorts). Second, some 

concerns about T derived from saliva exists, because saliva sampling comes with increased risks 

of error particularly because saliva samples are more vulnerable to contamination. In a previous 

study utilizing the same sample51 this limitation was considered in more detail. For example, the 

T measurement method used in the study was accredited by the SWEDAC quality control 

agency in Sweden. Another limitation of the present study was that we did not have data on any 

other hormones except salivary T. Furthermore, T measures derived from saliva come with 

increased risk of contamination (compared to blood samples, see e.g.,52), but it has also been 

shown that saliva and blood measurements of T are comparable if necessary quality checks are 

implemented appropriately (which they were in the present study, see above).52,53 Furthermore, 

the T levels measured in the present study were similar to T levels in men of similar age reported 

in previous studies using different samples,41 suggesting that quality control was successfully 



implemented. Fourth, participants were warned not to assume any drugs before collecting saliva, 

though drugs taken on daily basis might still have an influence on PE and ED. In any case, the 

results presented in the present paper should be replicated by independent labs, preferably with 

larger sample sizes. Fifth, it is well known that candidate gene association studies with relatively 

small samples are likely to produce spurious associations because true gene-trait associations are 

typically very small (see e.g.,54). In the present study, we detected no significant associations 

between any genetic markers and phenotypes, which is not surprising as expected effect sizes are 

miniscule (e.g., 48). However, in absence of large samples with genome-wide data, meta-analytic 

approaches could be used to identify gene-trait associations from candidate gene data and hence 

summary statistics on genotype-trait associations are valuable information with future meta-

analyses in mind. 

 

CONCLUSIONS 

In summary, we found no significant association between free T levels, the AR CAG repeat 

polymorphism, SNPs in the AR, SHBG and 5AR genes and ED in younger age cohort. We 

speculate that we failed to identify significant associations between these because the low mean 

age of the sample, resulting in low variability in the dependent variables. Bivariate twin analysis 

suggested a common non-shared environmental component in both PE and ED, accounting for 

28% of the non-shared environmental variance. 
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