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Objective: To evaluate the association between chronotype and depression symptoms in a group of individuals experiencing infertility and undergoing assisted reproductive technologies.

Methods: This cross-sectional study evaluated the eligibility of 1,022 infertile patients who underwent ovulation induction treatment at the First Affiliated Hospital of Anhui Medical University Reproductive Medicine Center in China between August and October 2022. We obtained socio-demographic information by inviting patients who were experiencing infertility to fill out questionnaires. Furthermore, we evaluated the participants’ chronotypes using the reduced Morningness-Eveningness Questionnaire (rMEQ). Depression symptoms were evaluated using the validated Patient Health Questionnaire-9 (PHQ-9) and were expressed as PHQ-9 scores.

Results: The participants were classified into evening, intermediate, and morning chronotypes, accounting for 9, 68, and 22% of the total, respectively. There were considerable variations in levels of depression symptoms based on chronotype. Patients with morning chronotype had lower odds of depression symptoms (odds ratios = 0.32, 95% confidence intervals: 0.18–0.57), as did those with intermediate chronotype (odds ratios = 0.47, 95% confidence intervals: 0.28–0.77), compared to individuals with evening chronotype. Furthermore, there were no significant partner effects of chronotype on depression symptoms in male and female dyads (p > 0.05 for both).

Conclusion: The results indicated a significant association between individuals who have morning and intermediate chronotypes and a reduced likelihood of experiencing depressed symptoms. Further studies are required to assess the partner effect of chronotypes on depression symptoms.
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Introduction

Infertility is a medical condition that denotes the inability of a person or couple to achieve a clinical pregnancy even after 12 or more months of regular unprotected sexual intercourse (Zegers-Hochschild et al., 2017). According to epidemiological surveys, this condition is becoming increasingly common, affecting 186 million couples worldwide (Inhorn and Patrizio, 2015). Younger individuals are also affected, with a prevalence of 10–15% (Tamrakar and Bastakoti, 2019). In China, infertility affects 25% of couples of reproductive age (Zhou et al., 2018), making it the third most significant health issue after cardiovascular diseases and tumors (Agarwal et al., 2020). The implementation of China’s fertility policy exerts significant pressure on infertile individuals from society, family, and the treatment process. This pressure arises from their long-term inability to have children naturally, leading to considerable psychological burden and social–emotional distress. Consequently, infertility patients experience a significant impact on their physical and mental health (Cocchiaro et al., 2020; Kamboj et al., 2023).

Depression is a common mental disorder characterized by a continuous state of poor mood. It affects roughly 322 million individuals, about 4.4% of the global population (Friedrich, 2017). Depression is the second most significant contributor to disability globally (Refisch et al., 2023). There is strong evidence indicating a link between depression and metabolic syndromes (Ferriani et al., 2023), such as obesity (Ramzi et al., 2023), hypertension (Shah et al., 2023), and immuno-metabolic dysregulation (Toenders et al., 2022), which can lead to negative long-term health outcomes. Depression also has an impact on secondary infertility(Sun et al., 2024), and the outcomes of assisted reproductive technology (ART) treatments (Purewal et al., 2018; Vo et al., 2019; Aimagambetova et al., 2020). This includes a reduction in the chances of getting pregnant and having a live birth (Cesta et al., 2016; Evans-Hoeker et al., 2018), as well as a decrease in the success rates of ART treatment cycles (Sejbaek et al., 2013). Depression also increases the risk of having a low birth weight infant (Lang et al., 2019). Infertile patients are more likely to experience depression due to the prolonged duration of infertility, numerous contributing factors, expensive treatment expenses, arduous treatment procedures, and the impact of social culture and traditional beliefs. According to reports, around 51.3% of women who were unable to conceive naturally experienced depression while undergoing in vitro fertilization-embryo transfer (IVF-ET) treatment (Zhou et al., 2023). Women receiving infertility therapy have a higher incidence of depression compared to women who have routine medical checks or conceive naturally (Wang et al., 2024). Depression is linked to various factors, including both social risk factors and individual-level lifestyle factors, such as disruptions in circadian rhythm, which can significantly impact the development and progression of depression, as well as the overall severity of depression symptoms (Monteggia and Kavalali, 2012).

The collected evidence suggests that circadian rhythm disturbances are associated with many adverse health outcomes (Comas et al., 2023), such as obesity (Li et al., 2020), type 2 diabetes (Peng et al., 2022), cardiovascular diseases (Mentzelou et al., 2023), reproductive functions (Caetano et al., 2021), psychiatric disorders (Codoner-Franch et al., 2023), and cancer (Lotti et al., 2023). The chronotype is generally considered to be one of the manifestations of circadian rhythms. Differences in sleep–wake patterns across individuals can be used to determine distinct chronotypes, which reflect behavioral patterns and physiological processes that influence preference to engage in various lifestyle behaviors over the 24 h of the day (Roenneberg et al., 2007; Senesi et al., 2022), which can be divided into morning, intermediate, and evening chronotypes (Park et al., 2018). The morning chronotype is commonly defined by a tendency to sleep and wake up early and increased activity throughout the morning hours. Conversely, individuals with an evening chronotype tend to sleep, wake up late, and prefer working later in the day (Malin et al., 2024). Previous researchers showed that evening chronotype was a risk factor for mental health and that individuals with morning chronotype were at lower risk of developing emotional problems such as anxiety and depression compared to those with an evening chronotype (Antypa et al., 2016). With the increasing prevalence of infertility, researchers are increasingly focusing on the chronotype among infertile individuals. They have found that infertile populations tend to have poorer sleep quality and a preference for evening chronotype is more frequent as compared to those who are fertile (Ozcelik et al., 2023). Furthermore, Researchers showed that chronotype has an impact on the levels of testosterone secretion in infertile men and that evening chronotype may negatively affect sperm morphology in these individuals (Gica et al., 2023; Lu et al., 2024). However, Epidemiologic studies of chronotype and fertility treatment outcomes are relatively limited and not yet consensus, which may be related to differences in population or assessment of chronotype (Li et al., 2024). A prospective study showed that morning chronotype was associated with undesirable IVF-ET outcomes, including the lowest rates of clinical pregnancy and live birth and the highest rate of miscarriage (Liu et al., 2023). Another prospective study found that a mid-sleep time (MST) earlier than 2:21 a.m. or later than 3:00 a.m. was associated with significantly lower fertilization rates (Yao et al., 2022).

Indeed, it is imperative to analyze the influence of chronotypes on depression during infertility treatment. Infertility is a more specific reproductive disorder that can significantly affect the individual, their spouse, and possibly the entire family. Depression symptoms pose a significant issue in the reproductive therapy of patients with infertility, and it is crucial to investigate the variables that increase the risk to enhance overall health and well-being throughout their lives. To the best of our knowledge, there is a lack of clarity about the relationships between chronotype and depression symptoms during infertility treatment. The primary objective of this study was to investigate the impact of different sleep patterns on depression symptoms in individuals undergoing infertility treatment. The purpose of this study is twofold: firstly, to evaluate the impact of spouses’ chronotypes on their depression symptoms, and secondly, to examine how one partner’s chronotype affects the other partner’s depression symptoms.



Materials and methods


Participants

This cross-sectional study was conducted from August to October 2022 among infertile couples undergoing ovulation induction treatment at the Center for Reproductive Medicine, First Affiliated Hospital of Anhui Medical University (Hefei, Anhui, China). Participants who had a previous psychiatric illness, did not undergo embryo transfer, had other medical conditions such as hypertension, diabetes, or kidney disease, or chose to withdraw from the study were not included in the final sample (n = 177). For this study, baseline data were collected through a questionnaire, and the participants scanned a QR code using a mobile application to access the questionnaire and complete it online while being closely monitored by well-trained research personnel, with a final response rate of 85.7%. The questionnaire encompassed a range of topics, including demographic characteristics (age, sex, ethnicity, education level, income, occupation, and marital status), behavioral lifestyle (such as smoking or passive smoking, alcohol and coffee consumption, Sleep, psychological state, physical activity, and dietary habits), family and social relationships (such as social capital, family power and reproductive quality of life) and history of fertility treatment (such as parity, gravidity, history of preterm birth and abortion, infertility treatment timing and causes). Finally, 1,022 infertile patients were included in the final analysis. A post-hoc power analysis was conducted to evaluate the adequacy of the sample size for detecting the observed effect sizes. Based on a two-tailed α = 0.05 and 80% power, our final cohort of 1,022 participants provided >99% statistical power for the observed effects. The study protocol received approval from the Ethics Committee of Anhui Medical University (No. 20200961) based on the guidelines of the Declaration of Helsinki and international ethical standards. All invited participants have obtained a written informed consent form to participate in the study (Supplementary Figure S1).



Chronotype assessment reliability and validity

The Morningness-Eveningness Questionnaire (MEQ) is the most often used scale for measuring circadian rhythms. The MEQ-19, first proposed by Horne and Ostberg (1976) is a specific version of this questionnaire. To efficiently assess the chronotypes, we employed the reduced Morningness-Eveningness Questionnaire (rMEQ), a subset derived from the MEQ-19 by Adan and Almirall (1992) using statistical modeling techniques and consisting of 5 items. The rMEQ is a valid and reliable scale for chronotype in many languages (Carciofo et al., 2012; Danielsson et al., 2019; Uygur et al., 2024). Despite the fact that validation in infertile individuals is yet more limited, the Cronbach’s alpha coefficient was 0.703, Split-half reliability was 0.612, and the significant correlation between the rMEQ scores and chronotype classifications (r = 0.824) in the present study. Also, exploratory factor analysis showed that all item factor loadings were found to meet the conventional threshold of >0.4 (range from 0.431to 0.792) (Giesinger et al., 2016), supporting the reliability and validity of the Chinese rMEQ. The widely adopted cut-off value from prior studies was used in this study (Caci et al., 2009). The chronotype of respondents was categorized into evening chronotype (4–11 score), intermediate chronotype (12–17 score), and morning chronotype (18–25 score) based on the rMEQ scores. While independent validation in our population was not performed, this approach was necessary to be aligned with existing literature to ensure comparability.



Depression symptoms assessment

The participants were also instructed to provide their psychological status for the previous week using the Patient Health Questionnaire-9 (PHQ-9). The self-rating scale for depression disorder is a straightforward and efficient tool that is based on the diagnostic criteria of the American Psychological Association (Kroenke, 2021). Previous studies have demonstrated its reliability and validity (Yin et al., 2022), with Cronbach’s alpha coefficient of 0.910 in the present study. The assessment consists of nine items; the total score ranges from 0 to 27. A higher score indicates a greater severity of depression symptoms. In this study, in order to capture mild or subthreshold depressive symptoms, considering the sensitivity of the non-clinical population as well as the specificity of the infertility patients (Löwe et al., 2004; Coward et al., 2019). The total score was divided into a dichotomous variable. A score greater than 4 points indicates the presence of mild or more severe depression symptoms, while a score below 4 indicates the absence of depression symptoms.



Covariates

All covariates were obtained from self-reported baseline questionnaires. We thoroughly searched the existing literature and employed a directed acyclic graph to identify potential confounding factors (Textor et al., 2016) (Supplementary Figure S2). Specifically, the analysis considered the following covariables: age (≤29, 30–34, and ≥35 years), sex (male, female), annual income (<30,000, 30,000 ~ 60,000, ≥60,000), education (middle school or below, high/ vocational school, college degree or above), passive smoking (never, occasionally, frequently), physical activity (low, moderate, vigorous), living children (yes or no), infertility treatment time (≤6, 7–12, 13–24, >24 months), cause of infertility (male, female, both, and unexplained), frequency of insomnia (never, occasionally or ≤3 per month, ≥4 per month), nocturnal wake frequency (never, occasionally, ≥1 per night), daytime napping (never, <1 and ≥1 h), social jetlag (<1 and ≥1 h), and nighttime sleep duration (<8 and ≥8 h).



Statistical analysis

In the present analysis, continuous variables were expressed as mean ± standard deviation (SD) or median (P25, P75), whereas categorical variables were expressed as percentages. We conducted statistical analyses to examine the distribution of participants with various demographic characteristics based on their chronotypes (morning chronotype, intermediate chronotype, and evening chronotype). We utilized t-tests and analysis of variance (ANOVA) to analyze continuous variables, while Chi-square tests and Fisher’s exact test were employed for categorical variables. Given the small number of missing values, we address this issue by removing the corresponding rows. The study employed binary logistic regression models to investigate the association between chronotype and depression symptoms in individuals undergoing infertility treatment. We selected categorized depressive symptoms as the dependent variable and chronotype as the independent variable, with evening chronotype as the reference group in the binary logistic regression models. We used this group to calculate the odds ratios (ORs) and 95% confidence intervals (CIs) for the effect of chronotype on depression symptoms. The final model was adjusted for several potential confounding variables, including age, sex, annual income, education, passive smoking, physical activity, living children, infertility treatment time, cause of infertility, frequency of insomnia, nocturnal wake frequency, daytime napping, social jetlag, and nighttime sleep duration. Trend analyses were conducted by utilizing the median value of the various categories of chronotype scores as a continuous variable. An analysis using restrictive cubic splines with five knots was performed to describe the relationship between sleep and depression symptoms. We analyzed the combined effect of two variables and evaluated the association between chronotype and the likelihood of experiencing depression symptoms by categorizing the covariates mentioned earlier. A sensitivity analysis was conducted to assess the resilience of the findings by eliminating individuals who were engaged in shift work or night shifts. We employed the Actor-Partner Interdependence Model (APIM) approach to investigate the influence of one’s chronotype on one’s spouse’s depression symptoms, as suggested by Kenny et al. (2006). The APIM was implemented through multilevel modelling (MLM) with distinguishable dyads, treating gender as a distinguishing variable. PHQ-9 and rMEQ scores were included as continuous variables in the model for analysis, which adjusted for confounding variables consistent with the primary analysis. In the present study, the term “actor effect” refers to the impact of an individual’s chronotype on their depression symptoms, while the term “partner effect” refers to the impact of an individual’s chronotype on their spouse’s depression symptoms. Supplementary Figure S3 depicts the APIM framework for a husband-wife dyad. The statistical analyses mentioned above were conducted using R software version 4.1.0 (University of Auckland, Auckland, New Zealand) and SPSS version 23.0 (SPSS, Chicago, IL, United States). In this study, all statistical tests were double-tailed, and an a p-value less than 0.05 was considered statistically significant.




Results


General characteristics of participants across chronotype

Table 1 depicts the characteristics of the 1,022 (96.2%) participants included in the present study. Overall, participants included a total of 608 females (59.5%) and 514 males (40.5%), with 44.7% (n = 457) of individuals aged 30 to 34 years. According to the rMEQ scores, approximately 9.39% (95%CI: 9.82–10.33) of the participants were identified as having an evening chronotype, while 68.2% (95%CI: 14.75–14.97) had an intermediate chronotype and 29.06% (95%CI: 19.09–19.47) had a morning chronotype. Significant differences were found for age, passive smoking, education, annual income, frequency of insomnia, daytime napping, and living children compared to these three groups (all p < 0.05). Specifically, participants with an evening chronotype were found to be younger, free from passive smoking, with a higher level of education (either high school or vocational school), a higher annual income, more frequent insomnia, no daytime napping, lower levels of physical activity, longer sleep and social jetlag times, and shorter infertility treatment times. Furthermore, we noted that 527 participants exhibited mild or severe depression symptoms, accounting for 51.6% of the entire sample. There was a noticeable decrease in depression symptoms as the chronotype shifted from evening to intermediate and finally to morning. Supplementary Table S1 presents the characteristics of participants according to their depression phenotypes.



TABLE 1 The characteristics of participants according to the reduced Morningness-Eveningness Questionnaire (rMEQ) score status†.
[image: Table1]



Binary logistic regression models

We assessed the association of chronotype with the risk of depressive status during infertility treatment, as depicted in Table 2. Compared to participants in the evening chronotype group, intermediate chronotype (OR = 0.45, 95% CI: 0.28–0.72, P trend <0.001) and morning chronotype (OR = 0.29, 95% CI: 0.18–0.49, P trend <0.001) participants were significantly associated with lower risks of depression symptoms. Similarly, after adjusting for confounders, intermediate chronotype (OR = 0.47, 95% CI: 0.28–0.77, P trend <0.001) and morning chronotypes (OR = 0.32, 95% CI: 0.18–0.57, P trend <0.001) were still associated with lower risks of depressive status, although this risk reduction was attenuated. The adjusted ORs (95% CIs) were 0.69 (0.59–0.79, p < 0.001) for depression symptoms for each standard deviation increase in rMEQ scores.



TABLE 2 Odds ratios and 95% confidence intervals of chronotype and depression symptoms in infertility populations.
[image: Table2]



Test for nonlinear association between rMEQ scores and depression symptoms

Furthermore, we examined the non-linear dose–response relationship between chronotype (rMEQ score) and risk of depression symptoms by restrictive cubic splines, as shown in Figure 1. After adjusting various factors, such as age, sex, annual income, education, passive smoking, physical activity, living children, infertility treatment time, cause of infertility, frequency of insomnia, nocturnal wake frequency, daytime napping, social jetlag, and nighttime sleep duration, we found that the probability of depression symptoms seemed to decrease as rMEQ scores (P overall <0.001) increased; however, no nonlinear trend was observed (P non-linear = 0.526).

[image: Figure 1]

FIGURE 1
 Graphical representation of the association between chronotype and the severity of their depression symptoms using restricted cubic splines. OR, Odds ratio; CI, confidence interval. Covariates adjusted in the models were the same as those of Model 3 in Table 2 (see Table 2 footnote).




Stratified and sensitivity analyses

The stratified analysis revealed similar association between chronotype and the likelihood of experiencing depression symptoms across various factors, including age, sex, annual income, education, passive smoking, physical activity, living children, infertility treatment time, cause of infertility, frequency of insomnia, nocturnal wake frequency, daytime napping, social jetlag, and nighttime sleep duration (Figure 2). Based on interaction studies, it shows a slight interaction between age and chronotype (P for interaction = 0.045). However, none of the other factors showed any interaction with sleep chronotype (P for interaction > 0.05).

[image: Figure 2]

FIGURE 2
 Stratified analysis on the association between chronotype and probability of depression symptoms. OR, Odds ratio. Covariates adjusted in the models were the same as those in Model 3 in Table 2 (see Table 2 footnote).


Furthermore, we conducted sensitivity analyses to assess the reliability of the findings by eliminating participants who worked shifts or nights. The relationship between morning and intermediate chronotypes and the likelihood of depressive status remained consistent with the main analysis (OR = 0.51, 95% CI: 0.30–0.87, P trend <0.001; OR = 0.32, 95% CI: 0.18–0.58, P trend <0.001, respectively). Supplementary Table S2 depicts the analysis.



APIM analysis

We assessed 397 couples who could not conceive among 1,022 individuals to determine their eligibility for inclusion in the APIM with distinct dyads. After controlling for confounding variables, the findings indicated that the wife’s chronotype had a substantial impact on her depression symptoms (β = −0.154, p < 0.01), but the husband’s chronotype did not demonstrate a noteworthy influence on his depression symptoms. Moreover, contrary to our expectations, our study did not observe a strong partner effect of female or male chronotype on the depression symptoms of spouses (Table 3).



TABLE 3 Actor and partner effects of chronotype on depression symptoms in infertile couples (n = 397 couples).
[image: Table3]




Discussion


Primary findings

This study examined 1,022 Chinese infertility patients to investigate the relationship between chronotype and depression symptoms during assisted reproductive treatment. The findings revealed that individuals with morning and intermediate chronotypes were less likely to experience depression symptoms compared to those with an evening chronotype. This association was determined through a comparative analysis of chronotype and PHQ-9 scores. Furthermore, the protective effect of morning and intermediate chronotypes was more pronounced in individuals aged 30 years or older and those with a nighttime sleep duration of less than 8 h or social jetlag of 1 h or more. This is the first study to examine the connection between chronotype and depressed mood in individuals undergoing assisted reproductive technology treatment for infertility. Nevertheless, it is important to exercise caution when interpreting the findings, as the chronotype was determined using self-reported rMEQ scores, which have the potential for misclassification.



Interpretation

There is growing evidence that evening chronotype is significantly associated with negative effects, which is shown not only in the general population but also in specific groups such as the elderly, pregnant women, children, and adolescents, aligning with the present findings. Similar findings were observed in a Mendelian randomization study, where earlier diurnal preference was shown to be associated with a 23% lower risk of major depressive disorder (Daghlas et al., 2021). Furthermore, a study conducted on animals investigating the effects of cortisol-induced depression-like behavior indicated that circadian rhythms may be a causal factor or a predictor of depression-like episodes (Spulber et al., 2015). Nevertheless, a recently published longitudinal study found no association between chronotype and the duration of depression or anxiety disorders (Druiven et al., 2019). The disparities above may arise from variations in the study participants, the extent to which findings from animal experiments can be directly extrapolated to humans, and the accuracy of chronotype in predicting the progression of depressive illness. Additional clinical trials or cohort studies are necessary to explore these health impacts. Furthermore, Chronotype is not only linked to the diagnosis of a depressive disease but also to the extent or intensity of the disorder (Druiven et al., 2019). Remarkably, a study conducted over 7 years revealed that alterations in chronotype were solely linked to the intensity of depression symptoms while not correlated with anxious symptoms (Druiven et al., 2020). Furthermore, the distinct influence of chronotype has also been reported. A study found that excessive drowsiness throughout the day and accumulated sleep debt had a role in the impact of evening chronotype preferences among college students in their early adulthood, enhancing the risk of anxiety and depression. However, these effects were not observed in the wider population of young adults (Dickinson et al., 2018). Furthermore, research has verified that individuals with an evening chronotype are more prone to experiencing depression compared to individuals with other chronotypes. This association remains significant regardless of perceived stress, inadequate sleep quality, and insufficient sleep duration (Merikanto et al., 2015; Tonon et al., 2020). It has to be mentioned that unlike unidimensional measures of morningness-eveningness, the Morningness-Eveningness Stability Scale improved (MESSi) can assess multi-dimensions of chronotype, including morning affect, eveningness, and amplitude of diurnal variation (distinctness), respectively (Vagos et al., 2019). Similar to the present study, one study suggested that morning affect was significantly inversely correlated with childhood depression (İpar, 2023). Another study also found that negative emotionality (including depression, anxiety, and stress) was positively correlated with morning affect and inversely correlated with eveningness and distinctness. However, after controlling for morning affect, a correlation between negative emotionality and eveningness was not observed (Carciofo, 2020). To a certain extent, both morning affect and a stronger amplitude of diurnal variation may be more strongly associated with negative emotionality than eveningness preference, possibly due to distinctiveness as a component of chronotype, which has an important impact on susceptibility to depression. MESSi proposes a multidimensional measurement framework, which will undoubtedly provide greater nuance and support for assessing circadian preferences in the future. Although chronotype can be assessed by different biological and objective indicators, self-report questionnaires are still widely used. Accurately measuring this individual chronotype variation is an important aspect, so this remains for future research. Undoubtedly, the results of these studies emphasize the significance of investigating the influence of chronotype on depression. Depression negatively impacts pregnancy outcomes during IVF-ET treatment (Cui et al., 2020). Infertility patients can enhance the results of infertility therapy by adopting certain lifestyle modifications, such as keeping a morning or intermediate chronotype and avoiding an evening chronotype. Thus, they can improve their depression state while undergoing ART treatment. Furthermore, from a clinical standpoint, the current study has the potential to provide valuable insights for creating tailored therapies for healthcare providers. Interventions can effectively address psychological issues like depression, while demographic and gynecological characteristics are not amenable to such interventions. Hence, chronotype serves as a valuable modifiable factor in infertility treatment that can be assessed before commencing infertility treatment. Enhancing the reproductive outcomes of infertility patients can be achieved by effectively regulating their chronotype, which in turn helps them cope with infertility and associated medical procedures, hence alleviating depression symptoms.

The present results confirmed and extended previous epidemiological studies showing the sex-specific effects of chronotype on depression status. A study conducted in Korea among 5,550 non-shift working people revealed that having a late chronotype was linked to a 2.9-fold higher likelihood of experiencing depression in women but not in men (Kim et al., 2020). The present findings coincide closely with previous studies and extend these observations further by including a larger population experiencing infertility. Specifically, we found through APIM that one’s depression symptoms may not be influenced by the chronotype of the partner, which is similar to the results of our stratified analyses. Our research revealed a noteworthy correlation between age and chronotype in the likelihood of experiencing depression symptoms. Specifically, we found that individuals aged 30 years or older who identified as morning or intermediate chronotypes noticed health benefits to depression symptoms. Genetic and age-related factors determine the chronotype, which tends to shift towards earlier times as a person ages (Taillard et al., 2021). Typically, adolescents and young adults tend to have an evening chronotype (Keller et al., 2016). According to a study conducted on a mostly rural population, there was a significant association between mild to severe depression and a tendency to have a later sleep–wake cycle and experience a greater difference in sleep patterns between workdays and free days (social jetlag of more than 2 h). This association was particularly strong among individuals aged 31–40 years (Levandovski et al., 2011), consistent with the findings of the present study. Furthermore, we have noticed that a lack of sleep and experiencing significant differences in sleep patterns due to social obligations can also contribute to depression symptoms. Specifically, individuals who have a preference for waking up early in the morning or have an intermediate preference for waking up have greater improvements in their depression symptoms if they also have a social jetlag of 1 h or more and sleep less than 8 h. Numerous epidemiological studies have investigated the correlation between sleep deprivation and depression. These studies have consistently demonstrated that sleep deprivation is a significant risk factor for the onset of depression. Furthermore, it is believed that a sleep disturbance may contribute to this association. Furthermore, a recent study has demonstrated a substantial correlation between social jetlag and depression, which is not influenced by sleep debt (Okajima et al., 2021). While it aligns largely with our conjecture, additional clinical trials or cohort studies are necessary to substantiate these health impacts in the future.

While the exact mechanisms between chronotype and depression symptoms remain unclear, there are potential explanations. Circadian rhythms were suggested to play an essential role in this association. One line of thinking suggests that circadian clock polymorphisms associated with both chronotype and depression symptoms (Molina-Montes et al., 2022; Zou et al., 2022; Dang et al., 2023; Li et al., 2023). Mutations in specific clock genes may cause the sleep–wake cycle to phase shift, disrupting activity with the neurotransmitter system, leading to a greater likelihood of nocturnal preference and subsequent depressive symptoms (Au and Reece, 2017). However, the molecular and physiological mechanisms are unclear, particularly how clock gene polymorphisms contribute to depression. Another potential explanatory mechanism is circadian rhythm disorder or social jet lag, which refers to changes in the sleep–wake cycle caused by exogenous factors, followed by sleep disorders. This promotes the onset and exacerbates the severity of depression (Pandi-Perumal et al., 2020). Furthermore, psychological mechanisms for the association between chronotype and depression symptoms may include cognitive emotion regulation (Van den Berg et al., 2018). It has been suggested that individuals with evening chronotype may be more prone to specific thought patterns at night, and thus have higher psychological vulnerability (e.g., cognitive reactivity), or carry personality traits that put them at risk (e.g., neuroticism), making them more susceptible to depression (Wittmann et al., 2006; Antypa et al., 2017). Related neurobiological explanations focused on structural and functional brain abnormalities. First, previous studies have extensively shown that the responsiveness of the amygdala plays a vital role in determining emotional consequences (Schiel et al., 2022). Individuals with a later chronotype showed increased amygdala sensitivity to negative emotional stimuli. Similar results have been observed in individuals with depression and high-risk populations, such as those with high levels of anxiety and a family history of depression. Second, besides the level of amygdala activity associated with emotional processing, there are variations in the functional connection between the amygdala and dorsal anterior cingulate cortex. Horne and colleagues found a significant reduction in the functional connection between the amygdala and dorsal anterior cingulate cortex in individuals with a later chronotype (Horne and Norbury, 2018). The evening chronotype is associated with a higher emotional reaction to negative stimuli due to the inhibition of the dorsal anterior cingulate regulation of the amygdala, impacting the modulation of emotions. For individuals undergoing assisted reproductive technology treatments, who themselves suffer from a long history of many stressful fertility events and cognitive-emotional regulation difficulties, there is a higher likelihood of exacerbating the severity of difficulty falling asleep, insomnia, and poor sleep quality. In addition, individuals with a nocturnal preference are more likely to worry about clinical appointments and about their own sleep habits deviating from those required for healthy reproduction, thereby disrupting their sleep–wake patterns and biological clocks, which in turn may increase the risk of depression. Nevertheless, the underlying causes of depression symptoms can originate from multiple factors in the context of infertility treatment. Further research is required to confirm this connection and find efficient methods to enhance mental well-being among individuals with infertility.



Strengths and limitations

The current study has several strengths in terms of its techniques and design. One of these strengths is the selection of infertile couples with well-documented psychological traits as research subjects. This selection helps to enhance the trustworthiness of the research results to a certain extent. About exposure evaluation, we methodically gathered information about sleep characteristics using the 22-item Sleep Factor Questionnaire (SFQ) (Yang et al., 2017). Additionally, we considered other sleep-related variables that could potentially affect the occurrence of depression in our research. We were the first group to investigate the connections between chronotype and depression symptoms in infertile couples. However, we did not see any impacts of interdependence between partners.

There are certain limitations to the present study. First, our strategy involved cross-sectional research instead of longitudinal studies or randomized clinical trials. Cross-sectional studies can describe connections but are restricted in their ability to establish causal inference. Nevertheless, this study can still offer insights into the risk factors associated with depression symptoms and potentially serve as the scientific foundation for future investigations. Second, the participants’ chronotype and depression symptoms were assessed through self-reporting throughout ovulation induction treatment using established scales that demonstrated high reliability and validity. However, it is important to acknowledge that this method may introduce bias and may weaken the strength of our findings in certain aspects. Third, this study is limited to a single center and focuses on couples undergoing infertility treatment, which could introduce selection bias. The results may not be directly applicable to other populations. Additional multicenter studies could be undertaken to substantiate our findings further. Fourth, the data of the present study were collected online, which may have affected the reliability of participants’ answers. However, online data collection is being used increasingly, especially in sleep medicine. Despite some limitations, large amounts of data were accessed quickly and at a low cost in the context of COVID-19 (Uygur et al., 2022). Also, the present study underwent rigorous quality control to ensure that online data collection was as valid and reliable as traditional data collection methods, including but not limited to trained data collectors to assist field participants with accurate recording, standardization of the data collection process, and pre-survey. Fifth, the sleep characteristics reported in this study were derived from the preceding 6 months, perhaps failing to accurately represent long-term sleep patterns. Furthermore, this study does not provide objective indicators to elucidate the molecular mechanism behind the correlation between chronotype and depression symptoms in infertile couples. Therefore, future studies should aim to provide further validation.




Conclusion

This study found a significant association between chronotype and depression symptoms in infertility patients without the partner effect in couples. Chronotype is a crucial issue to consider in the field of reproduction. Further large-scale investigations are required to clarify the impact of chronotype on reproductive processes and treatment outcomes through the modification of depression symptoms.
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“The trend test was performed by assigning medians into three groups and using them as a continuous variable in the models.
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