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Background: Mental health problems and impaired sexual function are widely reported among those suffering from drug abuse, particularly among those under methadone maintenance therapy (MMT).

Aims: The current study aimed to, firstly, investigate the effect of melatonin and zolpidem on mental health and sexual function of those with drug abuse under MMT, and, secondly, to compare the effects of melatonin and zolpidem on the studied outcomes.

Methods: The current randomized, single-blind, placebo-controlled clinical trial was conducted on 98 participants who were randomly assigned into three groups of melatonin (n = 34), zolpidem (n = 32), and placebo (n = 32). All participants received the intervention once a day for 30 days, without changes in nutrition. Mental health and sexual function were measured before and 30 days after the intervention.

Results: The mean age of participants in the groups of melatonin, zolpidem, and placebo was 35.8 ± 9.6 years (22–58 years of old), 35.9 ± 9.3 years (21–58), and 37.2 ± 7.8 years (26–53), respectively. Sexual function mean score was significantly increased from 38 to 41 in the melatonin group, while it deceased in zolpidem (from 39.1 to 38) and placebo (39.25–38.59) groups. Also, mental health mean scores improved statistically significantly in the melatonin group (from 60.65 to 43.56; p = 0.002), and descriptively in the zolpidem group (57.88–51.18; p = 0.129). Concerning both outcomes, the observed improvement was considerably higher in the melatonin group. The highest improvement was observed in dimensions of overall satisfaction and depression in the melatonin group (1.18 and −8.4, respectively).

Conclusion: Melatonin could significantly improve both mental health and some domains of sexual function of those with drug abuse under MMT, while zolpidem did not show a significant effect.

Trial Registration Number: https://www.irct.ir/trial/53047, identifier: IRCT20201214049718N1.
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INTRODUCTION

In today's modern world, inclination toward opioid addiction is on the rise, due to several reasons such as stress from working long hours, high costs of living, etc. (1–3), not to mention the effects of the Covid-19 pandemic (4). The United Nations reported that about 275 million people used opioid combination products worldwide in 2020, with a growth rate of 22% from 2010 (5). In addition, there are evidence indicating that mental health disorders and opioid addiction co-exist in most cases, as in response to mental problems some will try to address them with opioid combination products (6, 7). So that nearly 50% of those who suffer from mental disorders are affected by opioid addiction (8). In addition, opioid addiction may magnify many mental health problems (9), which in turn enhances inclination toward more addiction (10, 11). Also, one of the most common complaints of those who are trying to quit opioid addiction is mental health problems (12, 13). Furthermore, methadone maintenance therapy (MMT), which is widely used to treat opioid addiction by preventing opioid withdrawal and reducing cravings, is associated with increased risk of worsened mental health problems (14). It is worth noting that addicted persons suffering from psychological health problems are at increased risk of having lower quality of life (QoL) (15), which in turn translates into higher mortality rates (14).

Furthermore, those with opioid addiction also suffer from impaired sexual function (16). While such dysfunctions may occur in any stage of the normal sexual cycle, erectile dysfunction (ED) or impaired orgasm function are among the earliest issues (17), which cause an extra burden, with long-term consequences, on their mental health problems, apart from the dissatisfaction of their partners. Therefore, evaluating the mental health and sexual function of those who suffer from opioid addiction can provide valuable information about how to address their problems more efficiently, which in turn paves the way for better and faster quit.

Currently, several types of interventions are available for this purpose, including pharmacological, behavioral, cognitive, and hormonal. Pharmacological interventions (e.g., benzodiazepine, bupropion, trazodone) are one of the most efficient interventions with immediate effects; however, caution should be taken as often lead to addiction or cause side effects, which results in more declines in the QoL (18). Herbal medicines such as Ginseng and Rosa Damascena Oil have also been studied, but drug interactions, the time required for effectiveness, and the acceptance of patients in the use of herbal medicines should be considered (19, 20). While the impacts of other interventions would be observable in the long term. There are extensive evidence regarding the potential effects of melatonin on reducing inclination toward opioid addiction and relapse of addiction, as well as regulation of mental health mechanisms (21). In addition, melatonin is associated with improved mental health, through alleviating lipopolysaccharide-induced anxiety, which indicates its therapeutic effect (22, 23). The pineal gland secrets melatonin, and its secretion decreases during periods of depression, which is another reason to support its unique role in mental health regulation. In addition, zolpidem is one of the most effective non-benzodiazepine medications available to treat mental health issues, mainly through activating GABA receptors, which in turn opens chloride channels, declines the firing rate of neurons and muscle fibers, and selectively binds to the subunit-specific GABA receptors (24).

In this study, we sought to use a drug in addition to methadone that could address common patient problems such as mental and sexual problems. Usually, people on methadone treatment suffer from these problems and increase the dose of their methadone drug to solve it. We were looking for a drug that we could use to manage several common complaints of these patients. To the best of our knowledge, few studies have simultaneously investigated the effects of melatonin and zolpidem supplementation on mental health and sexual function of those under MMT. “We expected melatonin to be more effective than zolpidem and placebo.” Based on what was mentioned before, the purpose of this article is to, firstly, investigate the effect of melatonin and zolpidem on depression, anxiety and stress dimensions of mental health and erectile function aspect of sexual function of those under MMT, and, secondly, to compare the effects of melatonin and zolpidem on the studied outcomes.



METHODS


Study Design and Participants

The current randomized, single-blinded, placebo-controlled clinical trial is carried out on males receiving outpatient treatment for opioid addiction in the city of Isfahan, Iran in 2021. Participants were selected from a single center. All eligible participants were followed up for 1 month (from April 3, 2021, to May 22, 2021), and to prevent contamination, they were asked to refer on particular days.

The sample size was estimated as 32 subjects per group, following the study by (16, 21) with a 95% confidence interval and 80% statistical test power, using the following formula:
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However, allowing for a 10% dropout, the estimated sample size per group was increased to 35. Consequently, a total of 105 subjects with opioid addiction under the MMT with sleep quality of at least 5 were selected using convenience sampling. Then, using the Excel software they were divided into three groups of melatonin, zolpidem, and placebo. Those with the following criteria were included: (1) older than 18 years of old; (2) ability to read and write; (3) Opioid addiction, confirmed by urine test; (4) a Pittsburgh sleep quality index score more than 5; (6) No history of neurological diseases, neuro psychosis disorder, autoimmune diseases, cancer, lung disease, heart failure class 4 or unstable angina; (7) No history of receiving benzodiazepine, anticonvulsant, aspirin, beta-blockers, calcium channel antagonists, NSAID, dexamethasone, lithium, antidepressants such as serotonin and melatonin reabsorption inhibitors; (8) Not working at night shifts; (9) Receiving MMT at least for three months; and (10) Willingness to participants. Participants were excluded if were: (1) Unwilling to continue the study; (2) Experienced changed treatment protocol; (3) History of sensitivity to either melatonin or zolpidem; and (4) pregnant or breastfeeding.



Data Collection

Data were collected using a demographic questionnaire, as well as Anxiety, and Stress Scale-21 Items (DASS21), and International Index of Erectile Function (IIEF).



Depression, Anxiety and Stress Scale-21 Items

The DASS21 is a set of three self-report scales intended to measure states of depression, anxiety, and stress. Participants should score each item on a four-point Likert scale, ranging from zero (“did not apply to me at all”) to three (“applied to me very much”). To obtain the total score, the scores obtained for each dimension should be summed up and then multiplied by a factor of 2. The total score ranges from zero to 120 and those for each subscale ranges from zero to 42 (25). The Persian version of the DASS21 is evaluated by NikAzin et al. and a Cronbach alpha of 0.7, 0.84, and 0.82 is reported for dimensions of depression, anxiety, and stress, respectively.



International Index of Erectile Function

Developed by Rosen and Cappelleri (26), the IIEF is a widely used scale to evaluate male sexual function. As a self-administered questionnaire, the IIEF contains 15 items that are categorized into five dimensions of erectile dysfunction, orgasm, desire, satisfaction with intercourse, and overall satisfaction. It should be noted that the first dimension is reverse scored. Hence, for other dimensions, higher scores indicate better functioning (26). Rajabi et al. (27) reported a Cronbach alpha of 0.91 for the Persian version of this scale (27).



Randomization

Initially, 123 potential subjects were proposed to participate, in which 105 of them accepted our invitation. Then, 105 participants were randomly allocated to one of the melatonin, zolpidem, and Placebo groups using random selection from a list prepared in Excel software. The latter was considered as control, and the rest were defined as intervention.



Intervention

Subjects in the zolpidem group were provided with 10 mg tablets (Manufactured by Exir Pharmaceutical Company, Boroujerd City, Iran). Participants of this group were provided with 7 tablets at the beginning of the study and were asked to refer each week for receiving new tables. In addition, they were asked take one tablet per night at bedtime. Those in the melatonin group, as MMT decreases response to routine doses of sleeping pills, were asked to take three 3 mg tablets (Razak melatonin, Karaj, Iran 3 mg = 9 mg) 30 min before sleep. Initially, a total of 21 tablets were provided to them. Those in the placebo group were given placebo tablets, made of Starch, similar to tablets in the intervention groups in shape and color (produced by a pharmacist living in the Isfahan city). The prescription dose of melatonin and zolpidem was determined based on the best efficacy of the medicines according to previous experiences of the research team. The interventions lasted for 30 days, and each participant in the zolpidem and control groups used a total of 30 tablets, while those in the melatonin group received 90 tablets. All participants were asked to refer to the center to fill the data collection tools after 30 days. In addition, they were asked to return tablets that they did not take. It is worth noting that all participants were asked to consume a regular diet and sleep in completely dark rooms to control the potential effects of nutrition status and nighttime lighting on serum levels of melatonin. Participants filled the study questionnaires two times (before and 30 days after initiating the intervention). To reduce the attrition rate, all participants were reminded of the importance of taking tablets when referring to receive in one's weekly. Furthermore, the tablets were given to participants by one member of the research team and others were unaware of the type of medicines taken by participants. The groups' allocation, interventions, and follow-up, and the analysis of the results are indicated in Figure 1.
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FIGURE 1. Allocation process of the study.




Statistical Analysis

Descriptive statistics were used to summarize the collected data. The Kolmogorov-Smirnov test was applied to test for a normal distribution, which indicated a normal distribution for all variables. In addition, paired t-test and analysis of variance (ANOVA) were used for between-group comparisons regarding baseline variables. Partial eta squared was used to show the effect size for the ANOVAs. Bonferroni post-hoc test was used to compare two groups. The chi-square test was used to compare the study groups regarding the variable of occupation, marriage status, and smoking. In addition, the Kruskal-Wallis H test was used to compare the study groups regarding various levels of education. Data analysis was administered using SPSS version 23. Statistical significance was considered when p < 0.05. The intention to treat approach was applied.




RESULT

Initially, 105 participants were recruited, in which data of 98 of them were available for final analysis (34 in the melatonin, 32 in the zolpidem, and 32 in the placebo groups). Seven subjects were lost due to loss to follow-up, failure to receive the intervention, or reporting side effect (Figure 1). The youngest and oldest participants were 21 and 58 years old. The mean age of participants in the groups of melatonin, zolpidem, and placebo was 35.8±9.6 years (22 to 58 years of old), 35.9 ± 9.3 years (21 to 58), and 37.2 ± 7.8 years (26 to 53), respectively. No significant differences were observed for age and methadone dose in three groups. According to the chi-square test, there was no significant difference between the study groups concerning the variables of occupation (p = 0.28) and marital status (p = 0.54). In addition, the chi-square test with the likelihood ratio showed no significant difference between the three groups concerning the smoking status (P = 0.93; Table 1). The frequency distribution of various levels of education is also provided in Table 1. According to the results of the Kruskal Wallis H test, there was no significant difference between the study groups concerning the variable of education (P = 0.72). In addition, most of the participants had the ability to read and write (n = 34; 34%) or a degree of less than diploma (n = 34; 34%). There was no significant difference between the study groups concerning the variable of age, according to the one-way ANOVA test (P = 0.79).


Table 1. Comparison of demographic characteristics in the study population.
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Mean scores of sexual function and mental health status both before and1 month after the intervention are provided in Tables 2, 3. Concerning the sexual function, those who received melatonin experienced improved sexual function (+2.56; p = 0.035), while subjects of zolpidem and control groups experienced reduced mean scores (−1.17 and −0.66, respectively; p = 0.335 vs. 0.576), which means worsened function (Table 2). Those in the melatonin group experienced improved scores in dimensions of sexual desire (p < 0.0001), and overall satisfaction (p = 0.001), which was not statistically significant for intercourse satisfaction. Meanwhile, the orgasmic function and erectile dysfunction did not statically change (p = 0.998, 0.514). On the other hand, sexual desire (p = 0.034) were improved for participants in the zolpidem group. Also, the ED was declined, which indicates an improvement (−0.97; p = 0.108), which was not statistically significant. In addition, orgasmic function (p = 0.456) and intercourse satisfaction (p = 0.203) were reduced, while not being statistically significant. However, the reported effect size of the interventions (melatonin and zolpidem) for sexual function were small 1 month after the intervention.


Table 2. Comparison of changes in the scores for sexual function domains in the three groups.
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Table 3. Comparison of changes in the scores for mental health domains in the three groups.

[image: Table 3]

For those who received the placebo, while the sexual function is declined, for dimensions of intercourse satisfaction (i.e., −1.16; p = 0.023), the only statistically significant improvement was related to the ED dimension (p = 0.014).

The results of paired t-test and ANOVA tests concerning the impact of the interventions on depression, anxiety and stress aspects of mental health are provided in Table 3. According to the findings, both interventions could significantly improve the mental health of participants (p = 0.025); however, only those related to the melatonin were statistically significant. Also, those in the melatonin group experienced a considerably higher improvement compared to the zolpidem group (−17.9 vs. −6.7; p = 0.002 and p = 0.129, respectively). Meanwhile, those in the placebo group experienced a slight increase in their mental health score, which indicates worsened mental health status (i.e., 0.56; P = 0.886), which were not statistically significant.

Concerning three dimensions of mental health (i.e., depression, anxiety, and stress), those in the melatonin group had improved scores; which was significant for depression (p < 0.0001) and stress (p = 0.012). In the same vein, subjects of the zolpidem group also had a reduced mean score, which means better health status, for all dimensions. Nevertheless, the observed improvement was not statistically significant for none of them. On the other hand, only the anxiety was slightly improved among those in the placebo group (−0.3; p = 0.789). Bonferroni post-hoc test showed that those in the melatonin group experienced more improvement compared to the other two groups in terms of depression (p = 0.006), while the zolpidem and control groups did not differ significantly (p = 0.317). In terms of anxiety, the three groups did not differ significantly. For stress dimension of the mental health; the mean score in the zolpidem group was not significantly different from the other two groups (p = 0.587, p = 0.353), but the melatonin group was significantly better than the control group (p = 0.015). so that an improvement equal to (−17.09) was observed in the melatonin group compared to (−6.7) in the zolpidem group (p = 0.002 vs. p = 0.129). Melatonin had the greatest effect on the dimension of depression, which had the highest effect size) partial eta squared = 0.197).



DISCUSSION

There are evidence indicating the negative impacts of both opioid addiction and MMT on mental health (28) and sexual function (17). In the present study, we investigated the impact of melatonin and zolpidem on these outcomes, and a comparison is provided concerning their effects, using a placebo group.

Sexual dysfunction is defined as psychophysiological changes that affect the sexual response cycle and cause impaired sexual desire (29). The association between depression and declined sexual function is well-established, particularly through decreased libido and ED (30). There are evidence indicating that melatonin can improve sexual function by declining the arousal threshold by moderating the sensitivity of the central 5-hydroxytryptaminergic receptor (31). However, it should be considered that various factors contribute to sexual function, including sex, education, depression, and socio-economic status (32), in which some of them are controlled in the present study. Other possible reasons for the positive impacts of melatonin on sexual function are reduced oxidative stress and preventing cell apoptosis in the central nervous system.

The results of the present study showed that melatonin could significantly improve the mean score of sexual function and mental health. The highest improvement was for the dimension of overall satisfaction (1.18), followed by sexual desire (1.12), intercourse satisfaction (0.68), and ED (−0.041). While no change was observed for orgasm function. In the same vein, following a randomized placebo-controlled trial, Parandavar et al. (31) reported improved sexual function mean score for those who received melatonin (31). Furthermore, some animal studies also suggested improvements in the sexual function of rats following melatonin administration (33, 34). As mentioned before, opioid addiction causes several mental health issues. In this line, there are evidence regarding the positive effect of melatonin on oxidative stress, which in turn translates into better mental health (35, 36). Our findings indicated the considerable impact of melatonin on investigated dimensions of mental health. Similarly, Shabani et al. (37), who studied the impact of melatonin administration on mental health parameters in women with polycystic ovary syndrome following a randomized, double-blind, placebo-controlled trial, reported positive effects of melatonin on mental health (37). In a clinical randomized trial on those under MMT, Ghaderi et al. (21) reported similar results concerning the impact of melatonin on mental health (21).

zolpidem is an imidazopyridine, a non-benzodiazepine with sedative-hypnotic effects that is widely used to treat mental health issues, mainly due to its high absorption rate. Hence, it can be consumed later in the night without worrying about residual cognitive impairment the next morning (38). In addition, zolpidem is known for its rapid action and low residual and rebound effects. In the present study, zolpidem only was associated with significant improvement in the sexual desire dimension. In addition, its effect was lower than that of melatonin for both investigated outcomes. zolpidem did not cause improved mental health status. While this finding is in line with some studies such as that of Eslami-Sharbabaki et al. (39), it is not in line with several other studies. For instance, Dang et al. (38) reported significant effects on the management of mental health issues in subjects with drug abuse (38). Or in a randomized controlled study, Shakya et al. (40) reported positive effects of 10 mg zolpidem on sleep quality, pain management, and reducing depression (40). This difference can be attributed to factors such as low dose of the drug or short follow-up period of our study. In this study, we examined the effect of 1 month of zolpidem, although various studies have reported side effects such as the risk of suicide, rebound insomnia, falls, hip fractures, etc. in long-term use or with high doses of this drug, and this point should be considered in the administration of zolpidem (41, 42).

According to the best knowledge of the authors, no study has compared the effect of melatonin and zolpidem concerning either sexual function or mental health; hence, we couldn't find comparable findings to mention in this study. Eventually, it should be noted that some evidence indicated a gender difference concerning the effect of zolpidem on sexual function, with higher levels of plasma concentrations in women (43).

In Iran, besides methadone treatment protocol, there is no standard treatment for patients' psychological and sexual problems. Therefore, the results of this study can help addiction therapists to manage their patients' problems.


Limitations

It is necessary to mention some limitations of our study, including the withdrawal of some participants, short follow up period, intervention only on male gender and being a single center study. Hence, caution should be taken when generalizing the findings.
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