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Pornography addiction and sexual dysfunction are increasingly prevalent in young men. Previous studies suggest that prenatal androgen exposure plays a role in addiction and sexual functionality. Here, we tested whether lower second-to-fourth finger length ratio (2D:4D) and later age at spermarche, both putative indicators of higher androgen levels in utero, correlate with online sexual compulsivity (OSC scale of ISST), erectile function (IIEF-5), and ejaculatory control (PEPA) in 4,370 young men (age IQR: 25–26 years) of the Cohort Study on Substance Use Risk Factors. Statistical analyses revealed that lower 2D:4D correlated with higher scores on the OSC scale. Moreover, higher age at spermarche correlated with higher OSC scores and decreased erectile function. Interestingly, OSC severity, but not the frequency of pornography use, correlated negatively with erectile function and ejaculatory control. This is the first study to associate two independent proxies of prenatal testosterone level with OSC. These findings provide novel insight into intrauterine predisposition of sexual behavior and related sexual function in adulthood.
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INTRODUCTION

A growing body of research supports that pornography addiction causes a great burden particularly to young males (1, 2). However, due to different conceptional categorizations and self-report bias, prevalence estimates are imprecise. Today, little is known about the biological mechanisms underlying pornography addiction.

Excessive pornography use is considered to promote sexual dysfunctions [for review, see (3)]. Erectile dysfunction affects primarily men above 40 years of age with previously reported prevalence rates of 1–10% in younger men and 50–100% in males older than 70 years (4). However, psychogenic erectile dysfunction in men under 40 years has risen sharply in the last decade up to rates as high as 14–28% in Europeans aged 18–40 years (5–7). The drastic worldwide increase of pornography use as sexual stimulation has been discussed to induce erectile dysfunction via alterations in the brain's motivational system (mesolimbic dopamine pathway) (3). Erections depend on dopaminergic neurons in the ventral tegmental area (VTA) and dopamine receptors in the nucleus accumbens (NAc) (3, 8, 9). This reward system is highly activated during pornography viewing with alterations in brain connectivity to the prefrontal cortex observed in subjects with pornography addiction compared with controls (10). Also, other addiction-related phenomena, like increased cue sensitivity, are observed in the brain responses of individuals addicted to pornography (11). Pornography has a high potential for addiction, considering its accessibility, affordability, and anonymity (2). Addiction to it can lead to a cascade of problems, ranging from erectile dysfunction to low sexual desire in partnered sex and relationship problems (3). Although clinical reports often suggest function improvement after abstinence from pornography, direct evidence of a causal effect is lacking (3), as is a scientific understanding of compulsive pornography use and its associated dysfunctions. For organic erectile dysfunction, in contrast, cardiovascular risk factors represent strong predictors (4).

Ejaculatory control also seems to be affected by excessive pornography consumption in hypersexual patients, resulting in reports of ejaculation difficulties in 33% of the patients (12). Premature ejaculation occurs frequently in adolescent males, especially during their first sexual encounters (13) and decreases over time as experience confers increased control. The criteria for premature ejaculatory control, according to the International Society of Sexual Medicine, are fulfilled by only 4–5% of the worldwide population. Furthermore, the perception of premature ejaculatory control is influenced by social conditioning through pornography consumption (14).

Males are more prone to pornography addiction than females (15). An Australian study found a self-reported prevalence rate of 4% in 9,963 men and only 1% in 10,131 women. This sex-based difference is also present in other non-substance-related and substance-related addictions, such as gambling (16), internet gaming (17, 18), and alcohol dependence (19). In general, sex differences originate from the sexual imbalance in X and Y chromosomes which determine gonadal development and later secretion of androgens and estrogens. During sensitive windows (e.g., prenatal, perinatal, and pubertal), these sex hormones lead to permanent organizational effects on brain and behavior which are discriminated from direct and reversible activational effects (20). Thus, studies have investigated the role of prenatal androgen exposure underlying addictive behavior. Indeed, initial associational evidence has suggested that video gaming addiction (21) and alcohol dependency are (22, 23) both related to prenatal androgen exposure. Together with genetic evidence linking sex hormone signaling to dependency (24–28), this suggests that androgen activity is involved in the pathology of addiction. Furthermore, a rodent study provides direct evidence that prenatal androgen receptor modulation affects alcohol consumption during adulthood (29). Human studies based on indirect markers of prenatal androgen exposure support its prenatal role in the development and maintenance of addictive behaviors during adulthood. Direct investigations of this issue in humans are hardly feasible due to ethical concerns and the long interval between the prenatal period and adulthood.

Research based on rodent experiments and human associational studies has identified markers of prenatal androgen level, such as the second-to-fourth finger length ratio (2D:4D) [(30, 31); but see also: (32, 33)] and age at first ejaculation (spermarche) (34, 35). Human maternal plasma testosterone levels are negatively correlated with newborns' digit ratio in both sexes (36), and amniotic fluid testosterone levels are negatively associated with 2-year-olds' 2D:4D (37). A recent meta-analysis found lower 2D:4D (indicative of increased prenatal androgen exposure) in males with substance-related and non-substance-related addictive behaviors (Hedge's g = −0.427) but not for females (Hedge's g = −0.260). This effect was stronger in the sub-analysis comparing dependent with non-dependent individuals (Hedge's g = −0.427) (38), which indicates that 2D:4D is more strongly related to addiction than to the frequency or amount of use. Moreover, lower 2D:4D associates with greater liver, muscle, and myelotoxic effects of alcohol and prospective hospital readmission in dependent patients (22). Alcohol-dependent males with lower 2D:4D are also more willing to purchase higher-priced alcoholic drinks (23). In parallel, alcohol-dependent patients (22) and individuals reporting binge drinking behavior (39) also report later age at spermarche. Experimental animal data show that prenatal androgen treatment increases pubertal onset age in male rats (35). Taken together, these data indicate that higher prenatal androgen exposure predisposes an individual to develop and maintain addictive disorders during adulthood. Interestingly, recent work suggests that stress, smoking, and alcohol use during pregnancy increases prenatal testosterone exposure, as indicated by lower 2D:4D in the human offspring (22, 40). Thus, maternal behavior might be an effective, novel target for addiction prevention among her offspring (41).

Alcohol use disorder and the problematic use of pornography overlap greatly in several aspects, which suggests common etiopathogenetic mechanisms (42). Sex-related rewards not only converge on the same neural pathway as drug rewards, but they also share the same molecular mediators and, most likely, the same neurons in the NAc, in contrast to other natural rewards like food (43). The incentive-salience model of addiction fits well with the dissociation observed in pornography addiction of increased craving (“wanting”) and decreased pleasure from use (“liking”) (44). Interestingly, especially the expectation to feel high following alcohol consumption correlates with lower 2D:4D (23). In addition to the molecular predispositions to addiction, pornography use might be more attractive for men with lower 2D:4D, as they have higher isolation intolerance (45), show more aggression or dominance behavior in some situations (46), and are more status-oriented (47). However, the role of intrauterine androgen level in online sexual compulsivity (OSC) and its related sexual dysfunctions have not yet been studied. Therefore, we tested our primary hypotheses that lower 2D:4D and later age at spermarche are related to OSC.

In addition to the reward system-related influences of prenatal androgen levels, prenatal androgen exposure shapes reproductive organs; i.e., lower 2D:4D (higher prenatal testosterone) correlates with greater penile length (48) and larger testes (49). Lower prenatal testosterone feminizes the reproductive organs (50, 51). Moreover, individuals with lifelong premature ejaculation have lower 2D:4D (52). Therefore, we also investigated whether 2D:4D and age at spermarche are associated with erectile function and/or ejaculatory control.



METHODS


Demographic Data

The data analyzed here originated from the first to third survey waves of the longitudinal Cohort Study on Substance Use Risk Factors (C-SURF; www.c-surf.ch). From 2010 to 2012, 7,556 young males attending mandatory recruitment for the Swiss army provided written informed consent, of whom 5,987 men participated in Wave 1. In Wave 2, 5,036 males completed the questionnaire from 2012 to 2013, and Wave 3 spanned from 2016 to 2018 and included 5,160 males (see www.c-surf.ch). All analyzed data originated from Wave 3, except for the ejaculatory control and erectile function variables, which were assessed in Waves 1 and 2 only. We included young males who reported only being attracted to women, for several reasons: first, we wanted to maximize the homogeneity of our sample in terms of sexual behavior; second, one item was formulated specifically for vaginal penetration in the German version.



2D:4D

Similar to the methods described by (53) and (39), the participants were instructed to self-measure their 2D:4D (Questionnaire No. 3 ID: J18). They documented the lengths of the index and ring fingers in millimeters for their right and left hands separately. To eliminate inaccurate values, finger lengths below 10 mm and above 100 mm (53) and, subsequently, 2D:4D outside of the 2.5 and 97.5 percentiles (39, 54) were excluded, as previously described. We selected the mean of the right-hand and left-hand 2D:4D (Mean2D:4D) as the primary predictor and right-hand 2D:4D (R2D:4D), left-hand 2D:4D (L2D:4D), and the difference between R2D:4D and L2D:4D (2D:4Dr-l) as exploratory predictors.



Pubertal Onset Age

Self-reported pubertal onset age was controlled for time passed (years passed by since puberty) using partial correlation analysis, as recall biases are prevalent (55), i.e., the variance in the variable age at puberty onset that correlated with years since puberty (current age-puberty age) was removed. Furthermore, estimates below 9 were excluded, based on a previous report (56) and a previous analysis of 2D:4D and pubertal onset age (22).



OSC

The Internet Sex Screening Test (ISST; http://www.recoveryzone.com/tests/sex-addiction/ISST/index.php, developed by Delmonico, 1997) is a self-administered screening instrument that identifies clinically problematic sexual internet-based behavior. Factor analysis of the ISST data identified five factors: OSC, online sexual behavior-social, online sexual behavior-isolated, online sexual spending, and interest in online sexual behavior (57). The OSC subscale was included in the C-SURF questionnaire, consisting of six binary (yes/no) item. Subjects who did not visit a pornographic web site within the past 12 months (22.4%, n = 1,064) were excluded from the analysis. As clinically relevant cut-off scores do not yet exist and little research is available on the matter, we decided to use the sum score as a continuous variable in our analysis.



Pornography Consumption

Data from two items were available: one on the frequency of use (i.e., consumption days per month) and one on the duration of each use. In our cohort, the interquartile range (IQR) of consumption days was 3 to 15 days per month. Duration of the use: almost none, 1 to <2 h, 2 to <3 h, 3 to <4 h, 4 h, or more. We considered frequency to be more informative here, as the variability in consumption time was low, with 90% self-reporting <1 h.



Erectile Function

The International Index of Erectile Function (IIEF-5) Questionnaire consists of five items, scored using a five-point Likert scale. How do you rate your confidence that you could get and keep an erection? When you had erections with sexual stimulation, how often were your erections hard enough for penetration (entering of the penis into the vagina)? During sexual intercourse, how often were you able to maintain your erection after you had penetrated your partner? During sexual intercourse, how difficult was it to maintain your erection to completion of intercourse? When you attempted sexual intercourse, how often was it satisfactory for you? The sum score was coded as a continuous variable for correlation analysis.



Ejaculatory Control

One item (five-point Likert scale) from the Premature Ejaculation Prevalence and Attitude (PEPA) survey was used (58): Within the last 6 months, how do you rate your control over ejaculation during partnered sex?



Ethical Approval

All subjects provided written informed consent prior to their inclusion in the original study. This study was approved by the Ethics Committee for Clinical Research of Lausanne University Medical School (Protocol No. 15/07).



Statistical Analyses

All data were analyzed using IBM SPSS Statistics version 24 for Windows (SPSS Inc., Chicago, IL, USA). When data points were missing, the study subject was excluded from the specific analysis (the number of individuals included in each analysis is reported as N). Descriptive statistics were expressed in frequencies, medians, and IQRs. We used the Wilcoxon signed-rank test to compare the dependent groups. Correlations were identified using Spearman's rank method, as the data were not normally distributed. p < 0.05 was considered to be statistically significant for two-sided tests. Semipartial correlations between residuals were performed to reveal the specific links connecting the variables. As described below, we also dissociated consumption-frequency-related effects from reported compulsivity by semi-partial correlations as a post-hoc analysis.




RESULTS


Cohort Demographics

After the step-wise exclusion of subjects who failed to meet the quality criteria of 2D:4D (n = 518) and/or pubertal onset age (N = 94) and who were not exclusively attracted to women (N = 534), the total cohort was characterized as follows: age 25 years (IQR 25–26, N = 4,370); body mass index 23.6 kg/m2 (IQR 21.9–25.5, N = 4,362); 79.8% gainfully employed (N = 4,369); education: 3.0% secondary education, 1.2% basic vocational education, 34.9% secondary vocational/technical education, 4.4% community college, 11.1% vocational high school, 11.3% high school, 23.2% bachelor degree (university), 5.9% masters degree (university), 4.7% other (N = 4,358); marital status: 82.9% single, 5.3% married, 0.1% divorced, 11.5% not married, separated, or divorced but living together with a partner (e.g., in a registered partnership), 0.2% married but separated, 0.0% widowed (N = 4,363); 37.5% were still living with their parent(s). In the last 12 months, 59.9% had one sexual partner, 5.9% had none, 34.2% had two or more. Mean2D:4D was 0.981 (IQR 0.955–1.000, N = 4,177), R2D:4D 0.986 (IQR 0.951–1.000, N = 4,269), L2D:4D 0.986 (IQR 0.951–1.000 N = 4,278), 2D:4Dr-l 0.000 (IQR −0.013–0.012, N = 4,177).

Of the pornography-consuming subjects, 41% gave at least one positive response to the OSC questions; 18.4% reported at least two problematic behaviors from the OSC. In our cohort, 41.3% reported at least mild erection problems, and 5% reported poor control over ejaculation during intercourse.



Prenatal Testosterone Markers and OSC

First, we tested our main hypothesis, stating that increased prenatal testosterone, as indicated by a lower Mean2D:4D and/or higher pubertal onset age, is associated with a higher OSC score in our cohort. While Mean2D:4D correlated significantly in the expected direction, the self-reported pubertal onset age did not (Table 1).


Table 1. Correlation between prenatal testosterone markers and OSC.
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Next, we controlled for the actual consumption frequency in our dependent variable OSC, as more severe compulsivity was associated with increased use (Rho = 0.184, p < 0.001, N = 3,678), pubertal onset age was negatively correlated with consumption frequency (Rho = −0.124, p < 0.001, N = 3,680), but Mean2D:4D was not (Rho = 0.008, p = 0.647, N = 3,274) and we were specifically interested in the compulsivity aspect, given a certain consumption level. After correcting for the frequency of use, the OSC score correlated negatively with Mean2D:4D and positively with pubertal onset age (both indicative of higher prenatal testosterone level), thus supporting our primary hypothesis (Table 1).

In a post-hoc analysis, we explored relationships of OSC scores with R2D:4D, L2D:4D, and 2D:4Dr-l (Table 2). L2D:4D correlated significantly with OSC, while only a trend was observed for R2D:4D.


Table 2. Post hoc analysis of 2D:4D markers.

[image: Table 2]

As vulnerability for mood disorders and traits like sensation seeking might be influenced by prenatal as well as pubertal androgen exposure which could mediate some of the observed effects, we performed an exploratory analysis on the available scores for major depression, MDI (59), bipolar disorder, MDQ (60), and sensation seeking, BSSS (61). Whereas Mean2D:4D did not significantly correlate with these measures respectively (Rho = −0.002, p = 0.922, N = 4,155; Rho = −0.015, p = 0.335, N = 4,161; Rho = 0.006, p = 0.698, N = 4,170), higher puberty onset age was associated with a lower number of symptoms respectively (Rho = −0.032, p = 0.029, N = 4,717; Rho = −0.050, p = 0.001, N = 4,720) and less sensation seeking (Rho = −0.118, p < 0.001, N = 4,736).



Prenatal Testosterone Markers and Sexual Dysfunction

To investigate the influence of prenatal testosterone on sexual dysfunction and test our secondary hypotheses, we first explored the development of ejaculatory control and erectile function over time (i.e., from Wave 1 to Wave 2, since sexual dysfunction was not assessed in Wave 3). There was a significant increase in erectile function over time but no change in ejaculatory control (Z = −5.76, p < 0.001; Z = −2.15, p = 0.830). Therefore, we controlled our dependent variable erectile function (from Wave 2) for age. Pubertal onset age correlated negatively with erectile function (controlled) but not with ejaculatory control; Mean2D:4D did not correlate significantly with either; see Table 3.


Table 3. Prenatal testosterone markers and sexual functions.
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Given suggestions in the literature that pornography consumption influences sexual dysfunction, we explored the relationships between pornography use, OSC, and sexual functions. Interestingly, pornography use frequency did not significantly correlate with erectile function, whereas OSC did, with more compulsive symptoms related to less ejaculatory control and less erectile function (Table 4); moreover, the hours spent on pornography in each occasion did not correlate significantly with either.


Table 4. Pornography use and sexual functions.
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DISCUSSION

Here we describe the first evidence of the influence of prenatal androgen exposure on OSC behavior in males during young adulthood. Our data confirmed our primary hypotheses that lower 2D:4D and later age at spermarche—both independently indicative of higher prenatal testosterone levels—were significantly (although with small effect size) associated with stronger OSC, despite reliable measurements of finger length from multiple expert raters and clinical data on time of puberty onset being unavailable.

These findings align well with the existing knowledge. The male sexual response and associated natural reward are mediated via mesolimbic dopamine signaling in the VTA and the NAc (8). This circuit forms the core of the reward system and, as such, it does not only mediate sexual reward (62) but also underlies substance addictions, such as alcoholism (63). Prenatal testosterone is suggested to affect the onset and course of alcohol dependence (22), and a study in mice found that prenatal modulation of androgen receptors affects cerebral dopamine, serotonin, and noradrenaline neurotransmitter levels in adulthood (29). In female sheep, prenatal testosterone positively correlates with the number of tyrosine hydroxylase-immunoreactive cells in the VTA (64). Furthermore, methamphetamine addiction is also mediated by the same neural substrates as sexual stimulation (65). Repeated sexual behaviors and repeated psychostimulant administration both induce the up-regulation of DeltaFosB, thereby sensitizing the mesolimbic pathway (43). Gene expression of the mu-opioid receptor, a key player in addiction pathology, appears to be sex-specifically altered by prenatal testosterone intervention (29). Moreover, the A118G variant of the mu-opioid receptor gene interacts with 2D:4D to predict alcohol dependence (66).

Whereas, OSC was associated with higher prenatal testosterone levels indicated by both markers, use frequency showed the opposite relationship with pubertal onset age, which might be a social peer group effect. A recent meta-analysis also concluded that 2D:4D relates more to addiction phenotypes than the frequency or amount of use (38). In summary, our findings both reinforce and further our understanding of drug addiction and addiction to sexual reward, namely, that they may share the same neural circuits that are vulnerable to prenatal androgen levels.

Our secondary hypothesis, that increased prenatal testosterone may also affect sexual functions, was only partially supported by the data. We found a significant correlation between erectile function and time of puberty, with later onset being associated with less function; however, we did not find a link to Mean2D:4D. This inconsistency may be due to the different prenatal windows during which 2D:4D and pubertal timing are determined. Two independent studies have provided evidence of 2D:4D development occurring during early pregnancy (67, 68). In contrast, when pubertal timing is exactly determined remains unclear, and it can be assumed that pubertal timing is not only a marker for prenatal androgen exposure but also influences brain organization during adolescence.

Additional research is needed to clarify whether the organizational influence of prenatal androgen on the reward system mediates this link, whether increased peripheral androgen receptors, which are involved in erectile function (69) play a role, or whether erectile dysfunction is a secondary effect of OSC and, therefore, arises from increased consumption of pornographic content and impacts sexual arousal during partnered sex via associated motivational aspects.

In the future, validated screening tools are required to disentangle the origins of sexual dysfunction related to pornography addiction by accurately assessing the context of sexual difficulties, progression of OSC, and pornography consumption over time. Also, developmental factors should be considered, as the reward circuit and its prefrontal control are highly vulnerable during adolescence (70). Additionally, experimental manipulation of consumption frequency, clinical interventions based on pornography abstinence, and investigation of pharmacological effects on dysfunction should be carefully investigated in the future, to further the understanding of the underlying etiology.

Ejaculatory control did not correlate with either prenatal testosterone marker. Given a previous study reporting a link between prenatal testosterone and premature ejaculation (52), this finding was initially unexpected. However, the cohort involved in that study differed from ours in several ways. First, the Bolat et al. (52) study only included patients with a lifelong history of premature ejaculation issues. Second, their cohort was older (mean age 40 years). Third, we do not know how experienced the subjects of our study were in controlling ejaculation during intercourse, as 82% are single, which limits experiential learning with a confidant. Fourth, pornography-related behavior was not assessed in our study.

Pornography-related sexual dysfunctions are not yet well-understood. A recent review describes pornography, its availability, and many different forms as a supernatural stimulus, which, in the long-term, leads to problems achieving sufficient stimulation in natural (partnered) settings. This, in turn, can cause several issues, from erectile dysfunction during partnered intercourse and delayed ejaculation, to being unable to ejaculate entirely during partnered sex (3). We did not have sufficient data in the present study to distinguish between premature and delayed ejaculation, as both are covered by the item about ejaculatory control, which was negatively associated with OSC. A recently published model describing users' need for more extreme material over time to be able to ejaculate has not yet been verified (71), and increased tolerance is currently not yet well-defined for pornography addiction. However, pornography consumption influences subjective and self-reported estimates of typical latency times.

We find it very interesting that OSC, not pornography use itself, was associated with less ejaculatory control and less erectile function; this suggests a tight link between OSC and sexual dysfunction via alterations to the reward system as opposed to social associative mechanisms. Also here, more research is needed to disentangle cause and effect.

The present study is subject to several limitations. 2D:4D was self-quantified, and frequencies of pornography use, erectile function, and ejaculatory control were self-reported. Pornography addiction is not yet formally recognized as a behavioral addiction, and, therefore, its definition varies (72). Here, we focused on the OSC subscale of the ISST, representing the compulsivity aspect of this behavioral addiction. Moreover, we investigated a homogeneous cohort of young, heterosexual males, most of whom were Caucasian and single; therefore, our findings cannot be generalized to other age groups, sexual orientations, ethnicities, or females. Finally, 2D:4D and puberty onset have limited validity as markers for prenatal androgen exposure (33, 38, 73), and it is likely that pubertal timing also directly affects brain organization, as puberty is also a sensitive time window (74). Therefore, our finding of an association between pubertal timing and OSC may not only be a result of prenatal but also pubertal androgen exposure associated vulnerabilities.

In conclusion, higher prenatal androgen levels (indicated by two independent markers) are associated with more compulsive pornography use. A more compulsive use in turn is associated with less erectile function and low ejaculatory control in young men. In addition, less erectile function was associated with a higher pubertal onset age, which may indicate higher prenatal androgen levels. Thus, the etiology of erectile dysfunction and its sharp rise in prevalence within the last decade might involve an interaction of a prenatal predisposition to develop sexual online compulsivity and/or erectile dysfunction and increased availability of pornographic content. Future studies are encouraged to disentangle the relative contribution of these factors and further the understanding of this behavioral addiction and related sexual problems. These insights could help to develop prevention programs, targeting either subjects at risk to develop this addiction or mothers whose prenatal testosterone levels are high.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee for Clinical Research of Lausanne University Medical School (Protocol No. 15/07). The patients/participants provided their written informed consent to participate in this study.


Members of the Cohort Study on Substance Use Risk Factors

Gerhard Gmel: Addiction Medicine, Lausanne University Hospital CHUV, University of Lausanne, Lausanne, Switzerland; Addiction Switzerland, Lausanne, Switzerland; Centre for Addiction and Mental Health, Toronto, ON, Canada; University of the West of England, Frenchay Campus, Bristol, United Kingdom (Gerhard.Gmel@chuv.ch). Meichun Mohler-Kuo: La Source, School of Nursing Sciences, HES-SO University of Applied Sciences and Arts of Western Switzerland, Lausanne, Switzerland (m.mohler-kuo@ecolelasource.ch). Simon Foster: Institut für Epidemiologie, Biostatistik und Prävention, Hirschengraben, Zürich, Switzerland (simon.foster@kjpd.uzh.ch). Simon Marmet: Addiction Medicine, Lausanne University Hospital CHUV, University of Lausanne, Lausanne, Switzerland (simon.marmet@chuv.ch). Joseph Studer: Addiction Medicine, Lausanne University Hospital CHUV, University of Lausanne, Lausanne, Switzerland (Joseph.Studer@chuv.ch).




AUTHOR CONTRIBUTIONS

VB and BL conceived and designed the research, analyzed the data, and wrote the manuscript. GG, MM, SM, SF, and JS performed the experiments. CM and JK commented on the manuscript and provided the intellectual input. All authors contributed to the article and approved the submitted version.



FUNDING

The third C-SURF survey was funded by the Swiss National Science Foundation (Grant no. FN 33CS30_148493). This scientific research was also promoted by the STAEDTLER Foundation, the German Federal Ministry of Education and Research (IMAC-Mind project: Improving Mental Health and Reducing Addiction in Childhood and Adolescence through Mindfulness: Mechanisms, Prevention, and Treatment; 2018-2022; 01GL1745C), and the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation)—Project ID 402170461-TRR265 (75). CM is an associated fellow of the research training group 2162 funded by the DFG-270949263/GRK2162.



REFERENCES

 1. Kircaburun K, Griffiths MD. The dark side of internet: preliminary evidence for the associations of dark personality traits with specific online activities and problematic internet use. J Behav Addict. (2018) 7:993–1003. doi: 10.1556/2006.7.2018.109

 2. de Alarcon R, de la Iglesia JI, Casado NM, Montejo AL. Online porn addiction: what we know and what we don't-a systematic review. J Clin Med. (2019) 8:91. doi: 10.3390/jcm8010091

 3. Park BY, Wilson G, Berger J, Christman M, Reina B, Bishop F, et al. Is internet pornography causing sexual dysfunctions? A review with clinical reports. Behav Sci. (2016) 6:17. doi: 10.3390/bs6030017

 4. Shamloul R, Ghanem H. Erectile dysfunction. Lancet. (2013) 381:153–65. doi: 10.1016/S0140-6736(12)60520-0

 5. Berchtold MA, Michaud PA, Gmel G, Suris JC. Sexual dysfunctions among young men: prevalence and associated factors. J Adolesc Health. (2012) 51:25–31. doi: 10.1016/j.jadohealth.2012.01.008

 6. Capogrosso P, Colicchia M, Ventimiglia E, Castagna G, Clementi MC, Suardi N, et al. One patient out of four with newly diagnosed erectile dysfunction is a young man–worrisome picture from the everyday clinical practice. J Sex Med. (2013) 10:1833–41. doi: 10.1111/jsm.12179

 7. Landripet I, Stulhofer A. Is pornography use associated with sexual difficulties and dysfunctions among younger heterosexual men? J Sex Med. (2015) 12:1136–9. doi: 10.1111/jsm.12853

 8. Melis MR, Argiolas A. Central control of penile erection: a re-visitation of the role of oxytocin and its interaction with dopamine and glutamic acid in male rats. Neurosci Biobehav Rev. (2011) 35:939–55. doi: 10.1016/j.neubiorev.2010.10.014

 9. Prieto-Garcia L, Egecioglu E, Studer E, Westberg L, Jerlhag E. Ghrelin and GHS-R1A signaling within the ventral and laterodorsal tegmental area regulate sexual behavior in sexually naive male mice. Psychoneuroendocrino. (2015) 62:392–402. doi: 10.1016/j.psyneuen.2015.09.009

 10. Kühn S, Gallinat J. Brain structure and functional connectivity associated with pornography consumption: the brain on pornthe brain and pornography consumption the brain and pornography consumption. JAMA Psychiatry. (2014) 71:827–34. doi: 10.1001/jamapsychiatry.2014.93

 11. Gola M, Wordecha M, Sescousse G, Lew-Starowicz M, Kossowski B, Wypych M, et al. Can pornography be addictive? An fMRI study of men seeking treatment for problematic pornography use. Neuropsychopharmacology. (2017) 42:2021–31. doi: 10.1038/npp.2017.78

 12. Sutton KS, Stratton N, Pytyck J, Kolla NJ, Cantor JM. Patient characteristics by type of hypersexuality referral: a quantitative chart review of 115 consecutive male cases. J Sex Marital Ther. (2015) 41:563–80. doi: 10.1080/0092623X.2014.935539

 13. Puppo V, Puppo G. Comprehensive review of the anatomy and physiology of male ejaculation: premature ejaculation is not a disease. Clin Anat. (2016) 29:111–9. doi: 10.1002/ca.22655

 14. Kalejaiye O, Almekaty K, Blecher G, Minhas S. Premature ejaculation: challenging new and the old concepts. F1000Res. (2017) 6:2084. doi: 10.12688/f1000research.12150.1

 15. Rissel C, Richters J, de Visser RO, McKee A, Yeung A, Caruana T. A profile of pornography users in Australia: findings from the second Australian study of health and relationships. J Sex Res. (2017) 54:227–40. doi: 10.1080/00224499.2016.1191597

 16. Erbas B, Buchner UG. Pathological gambling: prevalence, diagnosis, comorbidity, and intervention in Germany. Dtsch Arztebl Int. (2012) 109:173–9. doi: 10.3238/arztebl.2012.0173

 17. Bouna-Pyrrou P, Mühle C, Kornhuber J, Lenz B. Internet gaming disorder, social network disorder, and laterality: handedness relates to pathological use of social networks. J Neural Transm. (2015) 122:1187–96. doi: 10.1007/s00702-014-1361-5

 18. Bouna-Pyrrou P, Aufleger B, Braun S, Gattnar M, Kallmayer S, Wagner H, et al. Cross-sectional and longitudinal evaluation of the social network use disorder and internet gaming disorder criteria. Front Psychiatry. (2018) 9:692. doi: 10.3389/fpsyt.2018.00692

 19. Lenz B, Müller CP, Stoessel C, Sperling W, Biermann T, Hillemacher T, et al. Sex hormone activity in alcohol addiction: integrating organizational and activational effects. Prog Neurobiol. (2012) 96:136–63. doi: 10.1016/j.pneurobio.2011.11.001

 20. Arnold AP. Sexual differentiation of brain and other tissues: five questions for the next 50 years. Horm Behav. (2020) 120:104691. doi: 10.1016/j.yhbeh.2020.104691

 21. Kornhuber J, Zenses EM, Lenz B, Stoessel C, Bouna-Pyrrou P, Rehbein F, et al. Low 2D:4D values are associated with video game addiction. PLoS ONE. (2013) 8:e79539. doi: 10.1371/journal.pone.0079539

 22. Lenz B, Mühle C, Braun B, Weinland C, Bouna-Pyrrou P, Behrens J, et al. Prenatal and adult androgen activities in alcohol dependence. Acta Psychiatr Scand. (2017) 136:96–107. doi: 10.1111/acps.12725

 23. Lenz B Mühle C Cohort Study on Substance Use Risk Factors and Kornhuber J. Lower digit ratio (2D:4D) in alcohol dependence: confirmation and exploratory analysis in a population-based study of young men. Addict Biol. (2020) 25:e12815. doi: 10.1111/adb.12815 

 24. Lenz B, Frieling H, Jacob C, Heberlein A, Kornhuber J, Bleich S, et al. The modulating effect of the androgen receptor on craving in alcohol withdrawal of men is partially mediated by leptin. Pharmacogenomics J. (2010) 10:226–31. doi: 10.1038/tpj.2009.56

 25. Lenz B, Heberlein A, Bayerlein K, Frieling H, Kornhuber J, Bleich S, et al. The TTTAn aromatase (CYP19A1) polymorphism is associated with compulsive craving of male patients during alcohol withdrawal. Psychoneuroendocrino. (2011) 36:1261–4. doi: 10.1016/j.psyneuen.2011.02.010

 26. Lenz B, Jacob C, Frieling H, Jacobi A, Hillemacher T, Muschler M, et al. Polymorphism of the long polyglutamine tract in the human androgen receptor influences craving of men in alcohol withdrawal. Psychoneuroendocrinology. (2009) 34:968–71. doi: 10.1016/j.psyneuen.2009.01.009

 27. Treutlein J, Cichon S, Ridinger M, Wodarz N, Soyka M, Zill P, et al. Genome-wide association study of alcohol dependence. Arch Gen Psychiatry. (2009) 66:773–84. doi: 10.1001/archgenpsychiatry.2009.83

 28. Mühle C, Barry B, Weinland C, Kornhuber J, Lenz B. Estrogen receptor 1 gene variants and estradiol activities in alcohol dependence. Prog Neuropsychopharmacol Biol Psychiatry. (2019) 92:301–7. doi: 10.1016/j.pnpbp.2019.01.008

 29. Huber SE, Zoicas I, Reichel M, Mühle C, Büttner C, Ekici AB, et al. Prenatal androgen receptor activation determines adult alcohol and water drinking in a sex-specific way. Addict Biol. (2018) 23:904–20. doi: 10.1111/adb.12540

 30. Zheng Z, Cohn MJ. Developmental basis of sexually dimorphic digit ratios. Proc Natl Acad Sci U S A. (2011) 108:16289–94. doi: 10.1073/pnas.1108312108

 31. Manning J, Kilduff L, Cook C, Crewther B, Fink B. Digit ratio (2D:4D): a biomarker for prenatal sex steroids and adult sex steroids in challenge situations. Front Endocrinol. (2014) 5:9. doi: 10.3389/fendo.2014.00009

 32. Berenbaum SA, Bryk KK, Nowak N, Quigley CA, Moffat S. Fingers as a marker of prenatal androgen exposure. Endocrinology. (2009) 150:5119–24. doi: 10.1210/en.2009-0774

 33. Huber SE, Lenz B, Kornhuber J, Müller CP. Prenatal androgen-receptor activity has organizational morphological effects in mice. PLoS ONE. (2017) 12:e0188752. doi: 10.1371/journal.pone.0188752

 34. Cohen-Bendahan CCC, van de Beek C, Berenbaum SA. Prenatal sex hormone effects on child and adult sex-typed behavior: methods and findings. Neurosci Biobehav Rev. (2005) 29:353–84. doi: 10.1016/j.neubiorev.2004.11.004

 35. Dela Cruz C, Pereira OCM. Prenatal testosterone supplementation alters puberty onset, aggressive behavior, and partner preference in adult male rats. J Physiol Sci. (2012) 62:123–31. doi: 10.1007/s12576-011-0190-7

 36. Ventura T, Gomes MC, Pita A, Neto MT, Taylor A. Digit ratio (2D:4D) in newborns: influences of prenatal testosterone and maternal environment. Early Hum Dev. (2013) 89:107–12. doi: 10.1016/j.earlhumdev.2012.08.009

 37. Lutchmaya S, Baron-Cohen S, Raggatt P, Knickmeyer R, Manning JT. 2nd to 4th digit ratios, fetal testosterone, and estradiol. Early Hum Dev. (2004) 77:23–8. doi: 10.1016/j.earlhumdev.2003.12.002

 38. Siegmann EM, Bouna-Pyrrou P, Lenz B, Kornhuber J. Digit ratio (2D:4D) in relation to substance and computer use: a meta-analysis. J Neural Transm. (2019) 126:623–36. doi: 10.1007/s00702-019-02002-2

 39. Lenz B, Bouna-Pyrrou P, Mühle C, Kornhuber J. Low digit ratio (2D:4D) and late pubertal onset indicate prenatal hyperandrogenziation in alcohol binge drinking. Prog Neuropsychopharmacol Biol Psychiatry. (2018) 86:370–8. doi: 10.1016/j.pnpbp.2018.02.012

 40. Rizwan S, Manning JT, Brabin BJ. Maternal smoking during pregnancy and possible effects of in utero testosterone: evidence from the 2D:4D finger length ratio. Early Hum Dev. (2007) 83:87–90. doi: 10.1016/j.earlhumdev.2006.05.005

 41. Lenz B, Eichler A, Schwenke E, Buchholz VN, Hartwig C, Moll GH, et al. Mindfulness-based stress reduction in pregnancy: an app-based programme to improve the health of mothers and children (MINDFUL/PMI Study). Geburtshilfe Frauenheilkd. (2018) 78:1382–91. doi: 10.1055/a-0677-2630

 42. Moisson J, Potenza MN, Shirk SD, Hoff RA, Park CL, Kraus SW. Psychopathology and hypersexuality among veterans with and without histories of alcohol-use disorders. Am J Addict. (2019) 28:398–404. doi: 10.1111/ajad.12941

 43. Pitchers KK, Vialou V, Nestler EJ, Laviolette SR, Lehman MN, Coolen LM. Natural and drug rewards act on common neural plasticity mechanisms with DeltaFosB as a key mediator. J Neurosci. (2013) 33:3434–42. doi: 10.1523/JNEUROSCI.4881-12.2013

 44. Voon V, Mole TB, Banca P, Porter L, Morris L, Mitchell S, et al. Neural correlates of sexual cue reactivity in individuals with and without compulsive sexual behaviours. PLoS ONE. (2014) 9:e102419. doi: 10.1371/journal.pone.0102419

 45. Buchholz VN, Mühle C, Cohort Study on Substance Use Risk Factors, Kornhuber J, Lenz B. Lower digit ratio (2D:4D) indicative of excess prenatal androgen is associated with increased sociability and greater social capital. Front Behav Neurosci. (2019) 13:246. doi: 10.3389/fnbeh.2019.00246

 46. Hönekopp J, Watson S. Meta-analysis of the relationship between digit-ratio 2D:4D and aggression. Pers Individ Dif . (2011) 51:381–6. doi: 10.1016/j.paid.2010.05.003

 47. Millet K, Buehler F. A context dependent interpretation of inconsistencies in 2D:4D findings: the moderating role of status relevance. Front Behav Neurosci. (2017) 11:254. doi: 10.3389/fnbeh.2017.00254

 48. Choi IH, Kim KH, Jung H, Yoon SJ, Kim SW, Kim TB. Second to fourth digit ratio: a predictor of adult penile length. Asian J Androl. (2011) 13:710–4. doi: 10.1038/aja.2011.75

 49. Oh JK, Kim KT, Yoon SJ, Kim SW, Kim TB. Second to fourth digit ratio: a predictor of adult testicular volume. Andrology. (2014) 2:862–7. doi: 10.1111/j.2047-2927.2014.00256.x

 50. Thankamony A, Pasterski V, Ong KK, Acerini CL, Hughes IA. Anogenital distance as a marker of androgen exposure in humans. Andrology. (2016) 4:616–25. doi: 10.1111/andr.12156

 51. Schwartz CL, Christiansen S, Vinggaard AM, Axelstad M, Hass U, Svingen T. Anogenital distance as a toxicological or clinical marker for fetal androgen action and risk for reproductive disorders. Arch Toxicol. (2019) 93:253–72. doi: 10.1007/s00204-018-2350-5

 52. Bolat D, Kocabas GU, Kose T, Degirmenci T, Aydin ME, Dincel C. The relationship between the second-to-fourth digit ratios and lifelong premature ejaculation: a prospective, comparative study. Andrology. (2017) 5:535–40. doi: 10.1111/andr.12318

 53. Reimers S. The BBC internet study: general methodology. Arch Sex Behav. (2007) 36:147–61. doi: 10.1007/s10508-006-9143-2

 54. Hell B, Päßler K. Are occupational interests hormonally influenced? The 2D:4D-interest nexus. Pers Individ Dif . (2011) 51:376–80. doi: 10.1016/j.paid.2010.05.033

 55. Pickles A, Neale M, Simonoff E, Rutter M, Hewitt J, Meyer J, et al. A simple method for censored age-of-onset data subject to recall bias - mothers reports of age of puberty in male twins. Behav Genet. (1994) 24:457–68. doi: 10.1007/BF01076181

 56. Brämswig J, Dübbers A. Disorders of pubertal development. Deutsches Arzteblatt Int. (2009) 106:295–303. doi: 10.3238/arztebl.2009.0295

 57. Delmonico D, Miller J. The internet sex screening test: a comparison of sexual compulsives versus non-sexual compulsives. Sex Relat Ther. (2003) 18:261–76. doi: 10.1080/1468199031000153900

 58. Porst H, Montorsi F, Rosen RC, Gaynor L, Grupe S, Alexander J. The premature ejaculation prevalence and attitudes (PEPA) survey: prevalence, comorbidities, and professional help-seeking. Eur Urol. (2007) 51:816–23; discussion 824. doi: 10.1016/j.eururo.2006.07.004

 59. Bech P, Rasmussen NA, Olsen LR, Noerholm V, Abildgaard W. The sensitivity and specificity of the major depression inventory, using the present state examination as the index of diagnostic validity. J Affect Disord. (2001) 66:159–64. doi: 10.1016/S0165-0327(00)00309-8

 60. Hirschfeld RM. The mood disorder questionnaire: a simple, patient-rated screening instrument for bipolar disorder. Prim Care Companion J Clin Psychiatry. (2002) 4:9–11. doi: 10.4088/PCC.v04n0104

 61. Merino-Soto C, Salas Blas E. Brief sensation seeking scale: latent structure of 8-item and 4-item versions in peruvian adolescents. Adicciones. (2018) 30:41–53. doi: 10.20882/adicciones.842

 62. Pitchers KK, Frohmader KS, Vialou V, Mouzon E, Nestler EJ, Lehman MN, et al. Coolen, delta FosB in the nucleus accumbens is critical for reinforcing effects of sexual reward. Genes Brain Behav. (2010) 9:831–40. doi: 10.1111/j.1601-183X.2010.00621.x

 63. Koob GF, Volkow ND. Neurobiology of addiction: a neurocircuitry analysis. Lancet Psychiatry. (2016) 3:760–73. doi: 10.1016/S2215-0366(16)00104-8

 64. Brown ECZ, Steadman CJ, Lee TM, Padmanabhan V, Lehman MN, Coolen LM. Sex differences and effects of prenatal exposure to excess testosterone on ventral tegmental area dopamine neurons in adult sheep. Eur J Neurosci. (2015) 41:1157–66. doi: 10.1111/ejn.12871

 65. Frohmader KS, Wiskerke J, Wise RA, Lehman MN, Coolen LM. Methamphetamine acts on subpopulations of neurons regulating sexual behavior in male rats. Neuroscience. (2010) 166:771–84. doi: 10.1016/j.neuroscience.2009.12.070

 66. Gegenhuber B, Weinland C, Kornhuber J, Mühle C, Lenz B. OPRM1 A118G and serum β-endorphin interact with sex and digit ratio (2D:4D) to influence risk and course of alcohol dependence. Eur Neuropsychopharmacol. (2018) 28:1418–28. doi: 10.1016/j.euroneuro.2018.09.002

 67. Malas MA, Dogan S, Evcil EH, Desdicioglu K. Fetal development of the hand, digits, and digit ratio (2D:4D). Early Hum Dev. (2006) 82:469–75. doi: 10.1016/j.earlhumdev.2005.12.002

 68. Galis F, Ten Broek CMA, Van Dongen S, Wijnaendts LCD. Sexual dimorphism in the prenatal digit ratio (2D:4D). Arch Sex Behav. (2010) 39:57–62. doi: 10.1007/s10508-009-9485-7

 69. Schultheiss D, Badalyan R, Pilatz A, Gabouev AI, Schlote N, Wefer J, et al. Androgen and estrogen receptors in the human corpus cavernosum penis: immunohistochemical and cell culture results. World J Urol. (2003) 21:320–4. doi: 10.1007/s00345-003-0371-y

 70. van Duijvenvoorde AC, Peters S, Braams BR, Crone EA. What motivates adolescents? Neural responses to rewards and their influence on adolescents' risk taking, learning, and cognitive control. Neurosci Biobehav Rev. (2016) 70:135–47. doi: 10.1016/j.neubiorev.2016.06.037

 71. Busko LV, Stulhofer A. Testing the content progression thesis: a longitudinal assessment of pornography use and preference for coercive and violent content among male adolescents. Soc Sci Res. (2019) 81:32–41. doi: 10.1016/j.ssresearch.2019.03.003

 72. Dawson DDL, das Nair R. Pornography addiction in adults: a systematic review of definitions and reported impact. J Sex Med. (2016) 13:760–77. doi: 10.1016/j.jsxm.2016.03.002

 73. Voracek M. Special issue preamble: digit ratio (2D:4D) and individual differences research. Pers Individ Dif . (2011) 51:367–70. doi: 10.1016/j.paid.2011.04.018

 74. Berenbaum SA, Beltz AM. Sexual differentiation of human behavior: effects of prenatal and pubertal organizational hormones. Front Neuroendocrinol. (2011) 32:183–200. doi: 10.1016/j.yfrne.2011.03.001

 75. Heinz A, Kiefer F, Smolka MN, Endrass T, Beste C, Beck A, et al. Addiction Research Consortium: Losing and regaining control over drug intake (ReCoDe)-from trajectories to mechanisms and interventions. Addict Biol. (2020) 25:e12866. doi: 10.1111/adb.12866

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The handling editor declared a shared affiliation with one of the authors GG at time of review.

Copyright © 2021 Buchholz, Mühle, Cohort Study on Substance Use Risk Factors, Kornhuber and Lenz. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-12-517411-t003.jpg
Erectile function  Ejaculatory

(controlled) control
Spearman-Rho  Mean2D:4D  Coefficient —0.012 0,002
p 0501 0904
N 3321 3325
Pubertal onset Coefficient —0.143 —-0.005
age
P <0.001 0.782
N 3774 3781

2D:4D, second-to-fourth-finger length ratio; Mean2D:4D; controlled, variance  that
correlated with age removed: p < 0.05 in bold print.





OPS/images/fpsyt-12-517411-t004.jpg
Erectile function Ejaculatory

(controlled) control
Spearman-Rho OSC Cosffcient ~0.128 ~0.062
b <0.001 0.002

N 2049 2699

0SC (controlled)  Coefficient ~0.129 ~0.062

I3 <0.001 0.002

N 2045 2696

Frequency of use Coefficient 0011 ~0.004

(days/month) 0540 0.829

N 2046 2506

Hoursofuse  Coeffcient —0.014 ~0.016

(ondaysofuse) 0.444 0.414

N 2049 2508

Erectile function (controlled), variance that correlated with age removed; OSC, online
sexual compulsivity; OSC (controlled), variance that correlated with consumption
removed; p < 0.05 in bold print.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Markers of Prenatal Androgen Exposure Correlate With Online Sexual Compulsivity and Erectile Function in Young Men



		Introduction



		Methods



		Demographic Data



		2D:4D



		Pubertal Onset Age



		OSC



		Pornography Consumption



		Erectile Function



		Ejaculatory Control



		Ethical Approval



		Statistical Analyses







		Results



		Cohort Demographics



		Prenatal Testosterone Markers and OSC



		Prenatal Testosterone Markers and Sexual Dysfunction







		Discussion



		Data Availability Statement



		Ethics Statement



		Members of the Cohort Study on Substance Use Risk Factors







		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
’ frontiers
in Psychiatry

Markers of Prenatal Androgen
Exposure Correlate With Online
Sexual Compulsivity and Erectile
Function in Young Men





OPS/images/fpsyt-12-517411-t001.jpg
osc

Spearman-Rho  Mean2D:4D Coefficient  —0.042
p 0015

N 3276

Pubertal onsetage ~ Coefficient  ~0.010

P 0556

N 3682

0SC (controlled)

—0.044
0.011
3273
0.048
0.004
3678

2D:4D, second-to-fourth-finger length ratio; Mean2D:4D, mean of right-hand and left-
hand 2D:4D; OSC, online sexual compulsivity; OSC (controlled), variance that correlated

with consumption removed: p < 0.05 in bold print.





OPS/images/fpsyt-12-517411-t002.jpg
0SC  OSC (controlled)

Spearman-Rho L2D:4D Coefficient —-0.037 -0.087

P 0.033 0.031

N 3348 3345
R2D:4D Coefficient —0032 -0.082

P 0.064 0.066

N 3348 3345

2D:4Dr-1 Coefficient 0019 0014

P 0.285 0.415

N 3276 3273

2D:4D, second-to-fourth-finger length ratio; exploratory predictors: L2D:4D, left-hand
2D:4D; R2D:4D, right-hand 2D:4D; 2D:4Dr, difference between R2D:4D and L2D:4D;
OSC, online sexual compuisivity; OSC (controlled), variance that correlated with

consumption removed; p < 0.05 in bold print.










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Psychiatry





