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The aim of the study was to assess the relationship between prolactin levels and sexual dysfunction in patients with schizophrenia who use olanzapine medication. The potential risk factors of hyperprolactinemia and sexual dysfunction were also investigated. Patients with schizophrenia undergoing olanzapine monotherapy were invited to participate in this cross-sectional study. The Arizona Sexual Experiences Scale (ASEX) and the Positive and Negative Syndrome Scale were used to evaluate subjective sexual dysfunction and psychopathology, respectively. Levels of prolactin and metabolic parameters were also measured. In total, 279 participants with schizophrenia were recruited. The overall incidences of hyperprolactinemia, sexual dysfunction, and metabolic syndrome were 51.6, 53.8, and 43.7%, respectively. Higher ASEX scores, higher insulin levels, female sex, and younger age were associated with hyperprolactinemia. Prolactin level was significantly correlated with ASEX score. Elevated prolactin levels, concomitant antidepressant, increased insulin resistance, longer illness duration, and female sex were associated with sexual dysfunction. Female participants recorded higher levels of sexual dysfunction than their male counterparts did, whereas male participants had comparatively lower prolactin levels and lower rates of spousal partnership. Hyperprolactinemia, metabolic syndrome, and sexual dysfunction are prevalent in patients with schizophrenia treated with olanzapine. Clinicians should maintain awareness of these problems and monitor them regularly with their patients.
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INTRODUCTION
Schizophrenia is a severe and chronic mental disorder that causes marked functional impairment. Antipsychotic medication is the first-line treatment for patients with schizophrenia. However, antipsychotic drugs may produce unwanted side effects due to their pharmacodynamic characteristics. Antipsychotics often elevate prolactin levels by blocking dopamine D2 receptors in the tuberoinfundibular pathway of the brain (Grigg et al., 2017). As a potent antagonist of dopamine D2 and serotonin 5-HT2 receptors, olanzapine has fewer extrapyramidal side effects and better clinical efficacy compared with first-generation antipsychotics (Callaghan et al., 1999). But several studies reported that olanzapine was associated with elevated prolactin levels to some degree (Barata et al., 2019; Huhn et al., 2019). It is proposed that because 5-HT2 receptor stimulation can induce prolactin release, the 5-HT2 receptor antagonism of olanzapine may partially counteract its prolactin-elevating tendency through its D2 receptor antagonism (Cowen et al., 1990).
Sexual dysfunction is characterized by a significant disturbance in a person’s ability to respond sexually or experience sexual pleasure. Finn et al. (1990) reported that patients with schizophrenia rated antipsychotic-induced sexual dysfunction as more “bothersome” than most psychiatric symptoms of their illness are. The prevalence of sexual dysfunction among people with schizophrenia is higher than that among the rest of the population. Sexual dysfunction has been reported in 30–82% of patients with psychiatric disorders who use antipsychotics, due to hyperprolactinemia as well as α1 and dopamine D2 receptor blockades (De Boer et al., 2015; Dumontaud et al., 2020). A meta-analysis reported that olanzapine users had a higher rate of sexual dysfunction (approximately 40%) as compared with the prolactin-sparing antipsychotics quetiapine, ziprasidone, and aripiprazole (16–27%) (Serretti and Chiesa, 2011). The causal relationship between hyperprolactinemia and sexual dysfunction remains contested. Some studies have suggested a relationship between the disorders (Ahl et al., 2004; Rubio-Abadal et al., 2016), but other studies have discovered no such relationship (Johnsen et al., 2011; Kikuchi et al., 2012). Other factors that have been suggested to be related to sexual dysfunction in patients with schizophrenia include sex, age, disease psychopathology, effects of other medications, substance use, and medical comorbidities (Martin et al., 2018; Dehelean et al., 2020; Dumontaud et al., 2020). Antipsychotic-induced sexual dysfunction can significantly distress patients and subsequently reduce drug compliance (Souaiby et al., 2019); accordingly, evaluating sexual dysfunction and managing it properly are essential.
Metabolic disturbance is a common adverse reaction in patients with schizophrenia under olanzapine treatment (Hirsch et al., 2017; Lu et al., 2018). Several studies reported that metabolic dysfunction is associated with sexual dysfunction in general population (Schulster et al., 2017; Di Francesco et al., 2019). But the relationships between metabolic syndrome and sexual dysfunction in patients with schizophrenia have been poorly explored (Dumontaud et al., 2020).
Our study was aimed to examine the relationships between hyperprolactinemia, metabolic disturbance, and sexual dysfunction among study participants with schizophrenia who received olanzapine medication. Potential links to hyperprolactinemia and sexual dysfunction were also analyzed.
MATERIALS AND METHODS
Participants
This cross-sectional study was approved by our facility’s institutional review board. After providing a detailed description of the study, we obtained written informed consent from the participants. Patients aged 20–65 years and with schizophrenia as diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders, fifth edition, were included in the study. They were required to have undergone olanzapine monotherapy at the same dose for the last 6 months.
Assessment
All study participants participated in clinical interviews, underwent anthropometrical parameter assessments, and provided fasting blood samples. A trained research nurse interviewed patients to collect demographic and psychiatric information. Body mass index was calculated as weight in kilograms divided by the square of the height in meters (kg/m2).
The Arizona Sexual Experiences Scale (ASEX) was used to assess sexual dysfunction (Mcgahuey et al., 2000). ASEX is a five-item rating scale that assesses sex drive, arousal, vaginal lubrication/penile erection, ability to reach orgasm, and satisfaction from orgasm. It measures sexual dysfunction on a 6-point Likert scale ranging from hyperfunction (1) to hypofunction (6). A participant with a total ASEX score of ≥19, any one item with a score of ≥5, or any 3 items with a score of ≥4 was deemed to be experiencing sexual dysfunction. We also assessed the participants for psychopathology severity by using the Positive and Negative Syndrome Scale (Kay et al., 1987).
Blood samples were obtained in the morning after overnight fasting. Plasma was stored at −80°C prior to testing. Levels of prolactin were measured using electrochemiluminescence immunoassays. Hyperprolactinemia was considered when the prolactin level exceeded 20 ng/ml in women and 15 ng/ml in men, in accordance with laboratory procedures. Enzymatic colorimetric assays were used to measure fasting serum levels of glucose, high-density lipoprotein cholesterol (HDL-C), and triglycerides. Serum insulin levels were measured using an electrochemiluminescence immunoassay kit. Insulin resistance was calculated using the homeostasis model assessment for insulin resistance (HOMA-IR) as follows (fasting glucose [mmol/L] × fasting insulin [mU/L]/22.5) (Matthews et al., 1985).
In this study, we used the modified Adult Treatment Panel III criteria for Asians to evaluate participants for metabolic syndrome (Tan et al., 2004). A diagnosis of metabolic syndrome required 3 of the following five criteria: (1) abdominal obesity (waist circumference of ≥90 cm in men and ≥80 cm in women), (2) fasting hypertriglyceridemia (≥150 mg/dl); (3) low fasting HDL-C levels (<40 mg/dl in men and <50 mg/dl in women), (4) high blood pressure (≥130/≥85 mm Hg) or current treatment with antihypertensive medication, and (5) high fasting levels of plasma glucose (≥100 mg/dl) or current treatment with antidiabetic medication.
Statistical Analysis
The variables were compared using the Student’s t test for continuous variables and Fisher’s exact test for categorical variables. Nonparametric tests (Mann–Whitney U test) were performed for variables without normal distribution. We used the Pearson correlation method to analyze the correlations between variables and ASEX scores as well as prolactin levels. A multivariate linear regression model with selection of clinically relevant variables related to hyperprolactinemia and sexual dysfunction was utilized. All continuous variables that were entered in the regression were logarithmically transformed to normalize the data, whereas categorical variables were recoded into sets of distinct binary variables. The significance level used was p < 0.05. Analyses were performed using SPSS 19.
RESULTS
In total, 279 participants with schizophrenia, comprising 147 women and 132 men, were recruited for our study. The demographic, clinical, and laboratory data of the study participants with and without hyperprolactinemia are summarized in Table 1. The overall prevalence of hyperprolactinemia was 51.6%. Compared with participants not diagnosed as having hyperprolactinemia, those with hyperprolactinemia were younger, were less likely to have a spouse or partner, and recorded higher ASEX scores, prevalence of sexual dysfunction, insulin levels, and HOMA-IR indexes.
TABLE 1 | Demographic, clinical and laboratory characteristics of study subjects by hyperprolactinemia.
[image: Table 1]A multivariate liner regression model was applied to identify the variables associated with hyperprolactinemia. For all participants with schizophrenia, ASEX score (B = 0.053, p < 0.001), age (B = −0.006, p = 0.004), female sex (B = 0.119, p = 0.015), and insulin level (B = 0.014, p = 0.044) were associated with hyperprolactinemia (Table 2).
TABLE 2 | Multiple linear regression analysis with hyperprolactinemia as dependent variable.
[image: Table 2]Prolactin level was significantly correlated with ASEX score (r = 0.689, p < 0.001) (Figure 1). And prolactin level was also positively correlated with each ASEX item score (all p < 0.001). Other demographic parameters, clinical parameters, or metabolic parameters were not correlated with prolactin level.
[image: Figure 1]FIGURE 1 | The scatter plot of ASEX score and prolactin level.
The demographic, clinical, and laboratory characteristics of the study participants with and without sexual dysfunction are summarized in Table 3. The overall prevalence of sexual dysfunction was 53.8%. Compared with participants without sexual dysfunction, participants with sexual dysfunction were more likely to be female and advanced in age and more likely to have had concomitant antidepressant, longer durations of illness, and higher prolactin levels. Regarding metabolic parameters, participants with sexual dysfunction had higher glucose levels, insulin levels, and insulin resistance compared with those not experiencing sexual dysfunction. No differences in psychopathology or olanzapine dose between those two groups were observed.
TABLE 3 | Demographic, clinical and laboratory characteristics of study subjects by sexual dysfunction.
[image: Table 3]A multivariate regression model was used to identify the factors associated with sexual dysfunction. For all participants with schizophrenia, prolactin level (B = 0.012, p < 0.001), concomitant antidepressant (B = 0.460, p < 0.001), HOMA-IR (B = 0.018, p = 0.001), duration of illness (B = 0.007, p = 0.008), and female sex (B = 0.0.127, p = 0.013) were associated with sexual dysfunction (Table 4).
TABLE 4 | Multiple linear regression analysis with sexual dysfunction as dependent variable.
[image: Table 4]With total and individual ASEX item scores as dependent variables, multivariate regression analyses were performed to find the associated factors. Prolactin level was positively associated with total ASEX score and all five item scores (Table 5). Female sex was positively associated with total ASEX score as well as scores of ASEX item 2 (ease of arousal), item 3 (ability to achieve erection/lubrication), and item 4 (ease of reaching orgasm). Concomitant antidepressant was positively associated with total ASEX score as well as scores of item 3 and item 4. Married participants or participants with sex partner were negatively associated with scores of ASEX item 3 and item 4.
TABLE 5 | Multiple linear regression analysis with individual ASEX item scores as dependent variables.
[image: Table 5]Among all parameters, only prolactin level was correlated with the ASEX score (r = 0.689, p < 0.001).
The demographic, clinical, and laboratory information of the participants by sex are summarized in Supplementary Table S1. Compared with female participants, male participants were more likely to be young and smoke, as well as less likely to have a spouse or partner. Male participants also recorded lower ASEX scores, lower prevalence of sexual dysfunction, lower prolactin levels, lower glucose levels, lower HDL-C levels, larger waist circumferences, and higher blood pressure values. No differences between sexes in the severity of psychopathology or olanzapine dose were observed.
DISCUSSION
In our study, approximately half of the olanzapine-treated participants with schizophrenia had hyperprolactinemia and sexual dysfunction. Hyperprolactinemia was associated with sexual dysfunction, female sex, higher insulin level, and younger age. Sexual dysfunction was significantly related to higher prolactin levels in olanzapine-treated patients with schizophrenia, with significant differences between the sexes. Concomitant antidepressant, longer durations of illness, and greater insulin resistance were also associated with sexual dysfunction.
Given that prolactin is under negative control by dopamine and positive control by serotonin, olanzapine has been reported to induce moderately elevated prolactin levels in patients with schizophrenia (Peuskens et al., 2014). In our study, the mean prolactin level was 25.3 ± 22.5 ng/ml in all subjects and 51.6% of participants had hyperprolactinemia. Consistent with our result, other study data have revealed prevalence rates of olanzapine-induced hyperprolactinemia ranging between 6 and 60% (Peuskens et al., 2014). However, our results demonstrated that no dose-dependent effect of olanzapine on prolactin levels in patients with schizophrenia exists. Some studies have supported the dose-dependent effect of olanzapine on plasma prolactin levels (Kinon et al., 2008; Citrome et al., 2009; Suzuki et al., 2011), but others have not (Karagianis and Baksh, 2003; Takeuchi et al., 2014).
The prevalence of sexual dysfunction reported by participants in our study was 53.8%. In Taiwan, the prevalence of sexual dysfunction among men and women aged 40–80 years was observed to be 32 and 51%, respectively (Nicolosi et al., 2005). The rates of sexual dysfunction reported by participants with schizophrenia are higher than those of the general population (De Boer et al., 2015; Zhao et al., 2020). Studies using structured interviews or self-report questionnaires have noted the prevalence of antipsychotic-associated sexual side effects in 30–60% of participants (De Boer et al., 2015). Postsynaptic dopamine blockade, prolactin elevation, and α1-receptor antagonism might be the underlying mechanisms in the pathogenesis of antipsychotic-induced sexual dysfunction (De Boer et al., 2015). Our result supports the findings of studies that have indicated that, among second-generation antipsychotics, olanzapine is moderately associated with the increased prevalence of sexual dysfunction (Dumontaud et al., 2020).
Our study supports that the association between higher prolactin levels and sexual dysfunction in patients with schizophrenia (De Hert et al., 2014). Hyperprolactinemia has profound effects on reproductive health and sexual function, including hypogonadism, decreased libido in both sexes, amenorrhea and infertility in women and low sperm count and reduced muscle mass in men. It is proposed that prolactin elevation might reduce sex hormone release via an alteration of the hypothalamic–pituitary–gonadal axis, and consequently lead to sexual dysfunction (Smith et al., 2002).
We found concomitant antidepressant was associated sexual dysfunction. Furthermore, concomitant antidepressant was associated with inability to achieve erection/lubrication and difficulty of reaching orgasm. One possibility is that antidepressant itself induced sexual dysfunction (Clayton et al., 2016). Another possibility is that antidepressant prescription might imply subjects had depressive symptoms. Depressive symptomatology in patients with schizophrenia may contribute to sexual dysfunction (Dumontaud et al., 2020).
We ascertained that patients with longer duration of illness are at greater risk of sexual dysfunction. The relationship between longer illness duration and sexual dysfunction is likely mediated by extended exposure to antipsychotic treatments and the characteristics of the chronic illness itself (Lee et al., 2015). Some studies, however, have reported that longer antipsychotic treatment duration is not associated with sexual dysfunction (Souaiby et al., 2019). Differences between those in the literature may be attributable to the differences in the current and past antipsychotic medications as well as the characteristics of study subjects. But duration of illness was not associated with total ASEX score or individual ASEX item scores in our study. Further studies are warranted to investigate the relationship between sexual dysfunction and duration of illness in patients with schizophrenia.
A difference between the sexes in the prevalence of sexual dysfunction among patients with schizophrenia is inconsistent in previous studies; some authors have reported higher rates of sexual dysfunction in female patients (Bianco et al., 2019; Huang et al., 2019), others have reported the opposite (Cutler, 2003), whereas some have discovered similar rates for both sexes (Fujii et al., 2010). Our study found that female sex was associated with sexual dysfunction in olanzapine-treated patients with schizophrenia. And female sex was positively associated with total ASEX score as well as difficulty of arousal, inability to achieve erection/lubrication, and difficulty of reaching orgasm. Epidemiologic study reported that the prevalence of sexual dysfunction was higher in women (40–45%) than men (20–30%) (Lewis et al., 2004). In the present study, female patients exhibited significantly higher serum levels of prolactin and metabolic parameters than male patients. Those differences between male and female patients may contribute to gender-related differences in sexual dysfunction.
We found that subjects with hyperprolactinemia had higher insulin levels and HOMA-IR indices than those without hyperprolactinemia. Prolactin is not only a lactogenic hormone; it possesses more than 300 physiological effects, including an influence on metabolism (Andersen and Glintborg, 2018). Several large cohort studies among the general population have concluded that low prolactin levels are associated with metabolic disease and represent a risk factor for type 2 diabetes (Macotela et al., 2020). However, other population studies have reported contradictory results (Balbach et al., 2013; Daimon et al., 2017). In patients with schizophrenia spectrum psychosis, a relationship between hyperprolactinemia and insulin resistance was discovered (Petruzzelli et al., 2018). The effects of prolactin on metabolic homeostasis may be different when prolactin levels are within and outside the physiological range (Daimon et al., 2017; Andersen and Glintborg, 2018). Furthermore, Gragnoli et al. hypothesized that the dopamine–prolactin pathway potentially contributes to the comorbidity of schizophrenia and type 2 diabetes (Gragnoli et al., 2016).
Consistent with studies in general population (Schulster et al., 2017; Di Francesco et al., 2019), we found that subjects with sexual dysfunction had higher HOMA-IR indices than those without sexual dysfunction. However, the underlying mechanisms of how insulin resistance results in sexual dysfunction remain unclear. Insulin resistance plays an important role in the pathogenesis of inflammation and endothelial dysfunction which subsequently progress to cardiovascular disease (Muniyappa and Sowers, 2013). In men, insulin resistance impaired vascular nitric oxide production and insulin-induced vasodilation, both of which are likely to cause sexual dysfunction (Schulster et al., 2017; Maiorino et al., 2018). In women, insulin resistance decreased nitric oxide production and vascular vaginal relaxation, both of which might cause sexual dysfunction (Rahmanian et al., 2019). In addition, insulin had an inhibitory effect on the production of sex hormone-binding globulin by the liver (Wallace et al., 2013). Those might explain that insulin resistance plays an important role in the pathogenesis of sexual dysfunction. But HOMA-IR indices were not associated with total ASEX scores or individual ASEX item scores in our study. Further studies are warranted to investigate the relationship between sexual dysfunction and insulin resistance in patients with schizophrenia.
In this study, participants who were married or with sex partner were negatively associated with inability to achieve erection/lubrication and difficulty of reaching orgasm. Consistent with our result, other studies have reported that marital status was positively associated with sexual arousal and sexual satisfaction (Lee et al., 2015; Fanta et al., 2018). The present findings may be attributed to the fact that married subjects are more likely to have the opportunity to engage in sexual relationship and activity. However, marital status was not associated with sexual dysfunction in this study. Further studies with more comprehensive assessment of sexual function to investigate the role of marital status are warranted.
Some studies have reported a relationship between sexual dysfunction and the severity of psychotic symptoms (Kheng Yee et al., 2014; Simiyon et al., 2016), whereas others did not ascertain such an association (Martin et al., 2018). In this study, we did not determine sexual dysfunction to be associated with the severity of psychopathology. Although we did not exclude patients with severe psychopathology, our naturalistic study design may have unintentionally entailed an inclusion bias favoring participants who were stable psychopathologically.
Consistent with other studies (Yasui-Furukori et al., 2010), male participants in our study recorded comparatively lower prolactin levels than female participants did. This might be partly due to higher base levels of prolactin and higher vulnerability to hyperprolactinemia in response to antipsychotic drugs in women (Kinon et al., 2003). The lower prolactin levels in male participants might partially explain their lower ASEX scores and rates of sexual dysfunction. In concordance the research of Häfner (2002), our study also recorded a higher rate of marriage and partnership among female participants compared with the male participants.
Several limitations were present in our study. First, because of the cross-sectional design of this study, potential selection and confounding biases should be assumed and a causal relationship between hyperprolactinemia and sexual dysfunction cannot be concluded. Second, the exact days in the female participants’ menstrual cycles when the blood tests were performed were not recorded in our study. Third, the absence of healthy controls or drug-naïve patients with schizophrenia in our study rendered the differentiation of the effects on disease and medication impossible. Fourth, patients with schizophrenia in this study were clinically stable; hence, the results cannot be generalized to patients in other illness stages.
CONCLUSION
In conclusion, approximately half of the olanzapine-treated patients with schizophrenia in our study had hyperprolactinemia, metabolic syndrome, and sexual dysfunction. Higher prolactin levels, concomitant antidepressant, greater insulin resistance indices, longer duration of illness, and female sex were associated with sexual dysfunction. Prolactin levels, metabolic parameters, and sexual function in olanzapine-treated patients with schizophrenia should be monitored regularly.
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