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No evidence for long-term causal associations between premature ejaculation symptoms and anxiety, depression and sexual distress in a large, population-based longitudinal sample


















Abstract 
Premature ejaculation is one of the most common male sexual dysfunctions, but its etiology is unclear. Psychological problems such as anxiety and depression have traditionally been seen as causal or maintaining etiological components of PE, and previous cross-sectional studies have found weak positive associations between them. The aim of the present study was to test possible causal pathways over time between premature ejaculation and the psychological problems anxiety, depression and sexual distress. A sample of 985 male Finnish twins and brothers of twins completed a questionnaire in 2006 and 2012. Significant bivariate correlations were found both within and across time between premature ejaculation and the psychological problems. When fitting structural equation models to test hypothesized causal pathways, anxiety and sexual distress at the first measurement time point did not predict future premature ejaculation. Likewise, premature ejaculation symptoms at the first measurement did not predict increments or decrements in anxiety, sexual distress or depression later on. These null findings regarding hypothesized associations may partly be explained by the relatively long time between measurements, or that the measures possibly did not capture the aspects of anxiety that are related to premature ejaculation. 
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No evidence for long-term causal associations between premature ejaculation symptoms and anxiety, depression and sexual distress in a large population-based longitudinal sample
Premature ejaculation (PE) is generally considered to be the most common male sexual dysfunction, with prevalence rates ranging from around 3 to 30% (Serefoglu et al., 2014), largely depending on different definitions and diagnostic criteria employed in different studies. Over the past century, conceptualizations concerning the etiology of PE have shifted from an emphasis on psychological explanations to a biological perspective (Rowland & Motofei, 2007). Many non-psychogenic etiologies have been proposed for PE, including somatic disorders and neurobiological disturbances (Althof et al., 2010).  However, despite many proposed causes of PE, the etiology of PE remains unclear (Althof et al., 2014). Quantitative genetic studies have suggested that genetic factors explain a small or moderate  amount of variance (around 30 %) in PE (e.g., Jern et al., 2009), but recent attempts to identify the exact genes that contribute to this genetic variance have not generated robust evidence in favor of any specific genetic loci (see Jannini, Burri, Jern, & Novelli, 2015, for review). In any case, most of the variance in PE symptoms appears to stem from non-genetic (i.e., environmental) sources (Jern et al., 2009), and these sources are largely unclear (Althof et al., 2014).
Psychological problems have traditionally been seen as causal or maintaining etiological components of PE (Althof et al., 2014; McMahon et al., 2004), and anxiety and depression are considered relevant factors supporting diagnosis in the DSM-5 (American Psychiatric Association, 2013). Cross-sectional studies have found weak associations between different operationalizations of anxiety and PE symptoms, for example self-reported anxiety and subjective PE symptom severity (Porst et al., 2007), free-floating anxiety and shorter ejaculation latency time (Corona et al., 2004), and related conditions such as social phobia and having a PE diagnosis (Corretti, Pierucci, De Scisciolo, & Nisita, 2006). Dunn (1999) found, in a population-based sample, an association between PE and generalized anxiety (odds ratio 3.1). Furthermore, Hartmann et al. (2005) found higher levels of performance anxiety in a PE group compared to controls. This indicates that there is a connection between PE and anxiety, the latter seen both as psychiatric diagnoses or symptoms and as experienced in sexual situations. 
Althof et al. (2006) proposed that a possible cognitive mechanism of how anxiety might lead to PE is that anxiety distracts men from being able to control their ejaculation. Indeed, Hartmann et al. (2005) found that PE patients were significantly more preoccupied with thoughts on controlling their orgasm than were functional controls. Feelings of anxiety may in the same way be distracting, and it has been shown that men with PE more than functional controls fear failure (Hartmann et al., 2005) and report emotions of guilt and embarrassment (Rowland, Tai, & Slob, 2003) during sexual stimulation. As for the physiological aspect of anxiety, laboratory studies have shown that induced anxiety can have a facilitating effect on sexual arousal (Barlow, Sakheim, & Beck, 1983; Wolchik, 1980), however, findings are not unanimous (Beck, Barlow, Sakheim, & Abrahamson, 1987; Hale & Strassberg, 1990). A proposed neurobiological pathway between anxiety and PE is that anxiety heightens the arousal of the sympathetic nervous system, leading to a lower ejaculatory threshold (Rowland, 2005). 
Anxiety can be divided into state (how one feels in the moment) and trait (how one feels in general), and it is not yet clear if the forms of anxiety differ in their association to PE. Rowland et al. (2004; 2013) argues that dispositional (trait) negative emotions might contribute to PE, after finding that PE patients who responded to pharmacotherapy subsequently reported higher levels of positive emotion, while negative emotions remained higher than controls. At the same time, PE patients report higher sexual performance anxiety (Hartmann et al., 2005). Arguably, the mechanisms between anxiety and PE could be similar regardless of whether the anxiety is more situation specific or trait-like.. 
Depression has also been shown to be associated with PE. For example, Dunn (1999) found an association between PE and depression (odds ratio1.9), while Porst et al. (2007) reported that almost twice as many PE patients reported suffering from depression compared to controls (20.4% vs. 12.4%, p <.05). Depression has been reported as an outcome, rather than a cause, of PE (Revicki et al., 2008; Symonds, Roblin, Hart, & Althof, 2003). 
 There has been limited research on the direction of causality between PE on the one hand and psychological problems on the other (Althof et al., 2014). It is possible that anxiety is a result rather than a cause of PE (Jannini & Lenzi, 2005; Rosen & Althof, 2008), or that both PE and anxiety share the same underlying causes (Kempeneers et al., 2013). Psychological problems could be a result of previous perceived failures, while simultaneously paving the way for maintaining the dysfunction, creating a reciprocal vicious circle (Althof et al., 2014; Jern, 2009). 
The aim of the present study was to test two hypotheses of proposed relationships between psychological problems and PE, using structural equation modelling on data from a large population-based longitudinal sample. The anxiety hypothesis postulates that symptoms of anxiety are causal of PE symptoms. Thus, we expected that higher levels of anxiety and sexual distress at an earlier time point would predict increments of PE symptoms at a later time point if the anxiety hypothesis held true. The outcome hypothesis postulates, on the other hand, that PE symptoms are causal of symptoms of anxiety and depression.  If the outcome hypothesis would prove true, we expected higher levels of PE symptoms at an earlier time point to predict higher levels of symptoms of anxiety, depression, or both at a later time point. 
Method
Participants 
A population-based, longitudinal sample with responses from 985 men were eligible for data analysis in the current study. Participants were recruited from the Genetics of Sexuality and Aggression (GSA) sample collected in 2006 (Johansson et al., 2013). The GSA sample is population-based and consists of twins and siblings of twins. The twins and siblings of twins are representative of the Finnish population in that they have not been selected on any geographical grounds or demographic grounds, except the age of the twins and that they have Finnish as their first language, as all twins who were aged 18-33 years at the time of the first data collection were identified from the Central Population Registry of Finland and subsequently contacted with an invitation to participate in the study. This has been elaborated in a paper specifically describing the twin sample (Johansson et al., 2013). The participants in the present study were a culturally homogenous group consisting of Finnish-speaking citizens. The Finnish population was overall exceptionally homogenous in 2006 (the year of the first data collection) with 2.3% of the country’s inhabitants being of foreign origin (Statistics Finland, 2007). In the 2006 data collection, 2,559 men indicated willingness to participate in follow-up studies. In 2012, these participants were invited to participate in an online follow-up survey. Altogether 1,173 men responded, resulting in a response rate of 46% for the 2012 data collection. Of these, 1,024 gave informed consent and participated in the study. Because selective serotonin re-uptake inhibitors (SSRIs) are known to affect PE symptoms (Waldinger, Zwinderman, Schweitzer, & Olivier, 2004), 39 participants who had used SSRI-medications at either time point were excluded, giving a final sample of 985 participants. No participants reported using Tramadol or other medications known to affect ejaculatory latency.
[bookmark: _Toc401824273]Addresses were obtained from the Central Population Registry of Finland. Data were collected through a secure online questionnaire following inquiries by postal mail with an invitation to participate in the study. All aspects of the study, including its voluntary nature, were readily explained in the invitation letter. Participants were instructed to log onto the questionnaire using a personal eight-digit code. If a potential participant had not responded after two weeks from the initial contact, a reminder letter was sent. The research plan was approved by the Ethics Committee of the Åbo Akademi University in Turku, Finland, in accordance with the Helsinki Declaration of 1975, as revised in 2008.
Measures
Multiple Indicators of Premature Ejaculation (MIPE; Jern et al., 2007, 2009) consists of seven items, five of which are responded to on a 5-point, and two on a 3-point, Likert scale. Subjects were asked to report their ejaculatory function during the last two years. Examples of items include “On average, during intercourse, how much time elapses between when you first enter your partner (vaginally or anally) with your penis and when you first ejaculate?” and “How often have you felt that you could decide when to ejaculate?”. Unlike most measures of PE symptoms, MIPE covers the diagnostically relevant aspect of ejaculation latency time. The measure has been validated against both other measures of PE symptoms and stopwatch-data, and has been shown to differentiate between patients and controls well (AUC = 0.98; Jern, Piha, & Santtila, 2013), and extensive confirmatory factor analyses have indicated a good model fit (Jern et al., 2009). Items were back-translated into Finnish. Jern et al. (2013) reported acceptable reliability coefficients (α = .84 for diagnosed patients and .77 for controls). In the present study, the reliability for measurements were acceptable (ω2006 = .72, 95% CI [.69, .76]; ω2012 = .81, 95% CI [.78, .83]).
The Sexual Distress Scale (SDS; Jern et al., 2008) is a self-report questionnaire consisting of seven gender neutral questions measuring sexual distress using a five-point Likert scale, adapted from the Female Sexual Distress Scale (Derogatis, Rosen, Leiblum, Burnett, & Heiman, 2002). Example items include “How often did you feel: Distressed about your sex life; Sexually inadequate; Embarrassed about sexual problems”. Jern et al. (2008), based partly on the present sample, found the items to load on a single factor with factor loading ranging from .65 to .79 and Chronbach’s α = .89. In the present study, the reliability for measurements were acceptable (ω2006 = .89, 95% CI [.88, .91]; ω2012 = .91, 95% CI [.90, .92]).  The SDS items were back-translated into Finnish.
The Brief Symptom Inventory-18 (BSI; Derogatis, 2001) is a short screening measure of general psychological distress, that was developed from the Symptoms Checklist (SCL-90, Derogatis & Melisaratos, 1983). The subscales of the SCL-90 have previously been shown to possess good discriminant validity in Finnish samples (Holi, Sammallahti, & Aalberg, 1998). We used two of the clinical subscales of the BSI. The anxiety subscale measures symptoms of nervousness, tension, motor restlessness, apprehension and panic states, example items “Nervousness or shakiness inside” and “Feeling fearful”. The other scale was the depression subscale, which measures anhedonia, loneliness, hopelessness, self-deprecation and suicidal ideation, example items “Feeling no interest in things” and “Feeling hopeless about the future”. Participants were instructed to rate how much bother they had experienced during the last seven days on a 5-point Likert scale, ranging from 0 (not at all) to 4 (very much). We formed two factors measuring anxiety and depression on the basis of the factor structure suggested by Derogatis (2001), with six items per factor. Internal consistency of this factor model has shown to be good, with Cronbach’s α ranging from .82 to .89 in three separate psychometric studies (Derogatis, 2001; Galdón et al., 2008; Recklitis et al., 2006). In the present study, the reliability for measurements were acceptable for both anxiety (ω2006 = .81, 95% CI [.77, .84]; ω2012 = .80, 95% CI [.76, .84]) and depression (ω2006 = .86, 95% CI [.84, .88]; ω2012 = .88, 95% CI [.87, .90]). 
Statistical Analyses
Omega reliability coefficients (Dunn, Baguley, & Brunsden, 2014) and confidence intervals for the measures were calculated in the R software environment (version 3.2.0, R Core Team, 2015), using the MBESS package (Kelley & Lai, 2012). 
Structural equation modelling was used to test the hypotheses. This method accounts for measurement error through the use of latent factors, accounts for the within-time covariance between factors, and allows for models with several dependent variables simultaneously. Raw data were entered into the Mplus v. 7.4 software package (Muthén & Muthén, 2015). Models were parameterized using the fixed factor method, where the mean of the factor is constrained to 0 and the variance to 1 at Time 1 and estimated at Time 2. Hypotheses were tested by omitting the relevant structural parameters from the model, and comparing the constrained to the saturated model using the Satorra-Bentler scaled chi-square difference test. A statistically significant reduction of fit was interpreted as indicating that the omitted parameters differed significantly from zero. Conversely, if the parameters could be omitted without significantly reducing model fit, this was interpreted as indicating that the omitted parameters did not differ significantly from zero.
Because the sample was clustered and did not fill all the requirements for multivariate normality, we used the MLR estimation method. In all analyses, we took familial dependence into account by using a sandwich estimator (Muthen & Satorra, 1995), which was necessary since the sample consisted of twins and siblings of twins. Missing data were present only in the 2006 data collection, and was handled using the full information maximum likelihood procedure in Mplus.
Due to the large sample size and subsequent risk of rejecting a true null hypothesis, the χ2 test was not used to asses model fit (Chen, 2007). Cut-off levels for approximate fit indexes considered to indicate an acceptable model fit were Root Mean Square Error of Approximation (RMSEA) < .05, Comparative Fit Index (CFI) ≥ .90, Tucker-Lewis Index (TLI)  ≥ .90 and Standardized Root Mean Square Residual (SRMR) = <.08. 
Models
Three models were formed, all of which estimated all autoregressive parameters. Model 1 freely estimated all cross-trait paths between factors over time, resulting in a full structural model. Model 2 tested the anxiety hypothesis, where paths between PE symptoms at Time 2 and sexual distress and anxiety at Time 1 were omitted. Model 3 tested the outcome hypothesis, where paths between sexual distress, anxiety and depression at Time 2 and PE symptoms at Time 1 were omitted. 
Measurement Invariance
Analyses of measurement invariance across time were conducted according to Little’s (2013) guidelines. In the configural invariance model, the same indicators were associated with the same factors at each time point. The measurement errors for each separate item were allowed to correlate over time. In the weak invariance model, the factor loadings of corresponding indicators were constricted to be equal over time. In the strong invariance model, the intercepts of corresponding indicators were additionally constricted to be equal over time. The criterion for acceptable reduction of fit between models was ΔCFI ≤ .01 and ΔRMSEA ≤ .01 for all invariance testing, and ΔSRMR ≤ .30 for weak invariance and ΔSRMR ≤ .10 for strong invariance (Chen, 2007).
Results
Descriptive statistics
Descriptive statistics are reported in table 1. 
Measurement Invariance
Initially, the configural invariance model had unacceptable fit (CFI = .859). To achieve acceptable fit, we followed modification indices and allowed theoretically justifiable correlations of residual errors at both time points between two indicators within the anxiety factors, and two indicators within the sexual distress factors. After allowing these errors to correlate, strong measurement invariance across time was established. Inspection of residual correlations revealed no clear patterns of error. See Table 2 for model fit indices for the invariance analyses, and supplemental material for factor loadings.
Descriptive Statistics
Bivariate correlations between latent factors are presented in Table 3. PE and sexual distress were positively correlated within both time points and had mutual positive correlations across time. PE was positively correlated with anxiety and depression within time. PE at Time 1 was positively correlated with anxiety at Time 2, while depression at Time 1 was positively correlated with PE at Time 2. All means were slightly, but statistically significantly, higher at Time 2 compared to Time 1.
Model Fitting Results
All models converged and had acceptable approximate fit indices (Table 4). In the full model, PE symptoms at time point 2 were not predicted by any of the other variables. Depression and sexual distress showed a reciprocal positive relationship, and sexual distress also predicted higher levels of future anxiety. 
No support was found for the anxiety or outcome hypotheses, as the models did not have significantly worse fit than the full model. All models explained approximately the same amount of variance in PE at Time 2 (R2 = .431 - .440, Table 4). See Figure 1 for the structural part of the anxiety model. Factor loadings can be found in online supplements. 
In an exploratory step, we added erectile dysfunction, as measured by the International Index of Erectile Function (Rosen, Cappelleri, Smith, Lipsky, & Peña, 1999) to the analyses. The across-time paths between ED and all other factors were nonsignificant, and the addition of ED did not impact the previous findings from the hypothesis testing.
Discussion
The present study of a longitudinal population-based sample found no support for the hypothesis that anxiety causes PE symptoms. This was unexpected, as anxiety traditionally has been seen as a plausible cause of PE (McMahon et al., 2004), and several studies have reported correlative associations between the two (Corona et al., 2004; Corretti et al., 2006;  Dunn et al., 1999; Hartmann et al., 2005; Porst et al., 2007). Further, while previous cross-sectional research has found associations between PE and sexuality-related distress (Jern et al., 2008; Porst et al., 2007), no such relationships that would have been stable over time were found in the present study. Likewise, we found no effects of earlier levels of PE on later levels of anxiety or depression.
A possible explanation for these null findings is that causal effects between anxiety and PE symptoms are of a more temporary nature, and thus could not be captured in the relatively long time frame of the present study. That is, it may be more difficult to detect associations between factors over time if the hypothesized associations between factors have time to both appear and disappear between measurement points over several years. 
Another explanation for these null findings may be that the measures of anxiety and sexual distress used in the present study capture facets of anxiety that do not have causal effects on PE symptoms. For example, Bradford and Meston (2006) found that state, but not trait, anxiety was associated with a physical measure of sexual arousal in women that viewed sexually explicit material. The anxiety subscale of the BSI has been found to correlate with both the Spielberg State Anxiety Index (ρ = .69, Abu Ruz et al., 2010) and the Spielberg Trait Anxiety Index (r = .47-.60 Lang, Norman, Means-Christensen, & Stein, 2009). Furthermore, the content of individual questionnaire items of the BSI-A appear to be more similar to the state, rather than the trait, version of the Spielberg index. However, the time of reference differs between these questionnaires and the BSI-A, as participants in the present study (who completed the BSI-A) were instructed to consider the last seven days, compared to this moment or how they generally feel in the Spielberg state and trait indices, respectively. Looking at the stability of the measure over time in the present study, the BSI-A had quite high auto-regressive coefficients, which indicates that it captures something stable, trait-like, rather than transient states. Since the BSI subscales were designed to capture broad and general areas of psychopathology (Derogatis & Melisaratos, 1983), it is not surprising that it shows similarities to both trait and state measures of anxiety. However, in case anxiety has an etiological role in PE, it is plausible that a measure of anxiety in the actual sexual situation might be needed to find this association, rather than anxiety in life in general or at some other specific time. This aspect is arguably covered to at least some extent by the SDS, as some items concern the sex situation explicitly. However, the SDS also includes items regarding sexuality in general, and further, asks about the last 30 days rather than specific sexual encounters.
Depression at Time 1 was found to predict sexual distress at Time 2 (β = .24). Depression is known to be associated with sexual problems such as decreased libido, lower arousal leading to erectile dysfunction, and absent or delayed orgasm (Kennedy & Rizvi, 2009), which could explain why those with higher levels of depression experience more sexual distress at a later time. Antidepressants are also known to cause sexual dysfunctions related to desire, arousal and orgasm (Serretti & Chiesa, 2009), which could further exacerbate the problem. Sexual distress, in turn, predicted higher levels of both anxiety and depression at a later time. This supports the idea that sexual and psychological problems can reciprocally aggravate each other (Althof et al., 2014; Jern, 2009).
The present study has a number of methodological strengths, such as a large sample, a longitudinal data collection which reduces recall bias, validated measures, and use of structural equation modelling which accounts for measurement error. Despite the large sample size, the number of men who would have fulfilled diagnostic criteria for the most severe PE subtype (“lifelong” PE, which is characterized by ejaculatory latencies during penetrative intercourse of 1 minute or less) was not very high (n = 31).  This is a limitation of the present study, as it may reduce the power to find meaningful associations. The MIPE measure also does not allow for differentiation between acquired and lifelong PE, as it contains no question regarding whether the complaint has been present from the first sexual experience. A further methodological limitation is that cross-lagged panel models may not be able to account for stable between-person differences, which in turn might bias cross-lagged estimates (Hamaker, Kuiper, & Grasman, 2015). The alternative model proposed by Hamaker et al. (2015) requires at least three waves of data collection. However, given the scarcity of longitudinal data on ejaculatory disorders, our study arguably makes an important contribution to the literature.
To further elucidate the association between anxiety and PE, future studies could utilize measures of anxiety that focus explicitly on experiences of anxiety in the situation of a sexual act (e.g., performance anxiety), with follow-ups at shorter time intervals than the current study.
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