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Abstract

Objective: To assess the association between chronotype and depressive symptoms in an infertile population undergoing
assisted reproductive technology. Design: Cross-sectional study. Setting: The First Affiliated Hospital of Anhui Medical
University Reproductive Medicine Center in Hefei, China. Population: 1022 infertile patients who sought assisted repro-
ductive technology at the Center between August and October 2022, were assessed for inclusion in this study. Methods:
On the day of ovulation injection, we collected socio-demographics by inviting infertile patients to complete questionnaires
and assessed the subjects’ chronotypes through the Morning and Evening Questionnaire-5 Items (MEQ-5). Main Outcome
Measures: Depressive symptoms, assessed with validated Patient Health Questionnaire-9 (PHQ-9) and expressed as PHQ-9
scores. Results: Overall, 9%, 68%, and 22% of participants were categorized as evening, neutral, and morning chronotypes,
respectively. There were significant differences between chronotype on levels of depressive symptoms, subjects with morning
chronotype (odds ratios = 0.32, 95% confidence intervals: 0.18-0.57) and neutral chronotype (odds ratios = 0.47, 95% confidence
intervals: 0.28-0.77) had lower odds of depressive status, compared to those with evening chronotype, but no partner effect of
chronotype was found ( p >0.05, respectively). Conclusions: Our findings suggest that morning and neutral chronotypes may
be significantly associated with a lower likelihood of depressive symptoms. In addition, the effect of earlier chronotypes in men

on depressive symptoms in women warrants relevant clinical attention when considering treatment.

Introduction

Infertility is a reproductive system disease that is characterized by the inability to achieve a clinical pregnancy
after 12 or more months of regular unprotected sexual intercourse !. According to epidemiological surveys,
the incidence of infertility is rising and trending younger, affecting 186 million couples worldwide?, accounting
for about 10%-15% 3, with a prevalence of 25% among couples of reproductive age in China?, which has
become the third most serious disease affecting human health after cardiovascular diseases and tumors®.
With the implementation of China’s fertility policy, infertile individuals and couples are under pressure from
society, family, and the treatment process due to the long-term inability to have children normally, causing
great psychological burden and social-emotional distress, which largely affects the physical and mental health

of infertility patients % 7.

Depression, one of the most prevalent mental disorders, is manifested by persistent low mood, affects 4.4%
of the global population proportionally, or approximately 322 million people &, and is the second leading
cause of disability worldwide®. Currently, it is well documented that depression is closely associated with
an increased risk of developing multiple metabolic syndromes '°, including obesity!'!, hypertension '2, and
immuno-metabolic dysregulation '3, resulting in long-term adverse health outcomes. However, regarding
the comorbidity phenomenon of depression and infertility, it is unclear whether this simply reflects shared



risk factors. There is speculation that depression may be a cause of infertility, its consequence, or both'4.
A previous study reported a significant association between depression and treatment outcomes in assisted
reproductive technology (ART) 5. As a matter of fact, depression may be even more prevalent in infertile
patients compared to the general population of reproductive age ', considering the long course of infertility,
complex etiology, many cooperating factors, high treatment costs, cumbersome treatment process, and the
influence of social culture and traditional beliefs. There is growing evidence that depression may be associated
with multiple factors, not only risk factors from social aspects but also individual-level lifestyle factors, such
as circadian rhythm disturbances, which may play a significant role in the onset and progression of depression
and the overall severity of depressive symptoms 6.

Accumulating evidence suggests that circadian rhythm disturbances are associated with a number of adverse
health outcomes!”, including but not limited to obesity'®, type 2 diabetes ', cardiovascular diseases 20,
reproductive functions?!, psychiatric disorders 22, and cancer ?*. The chronotype is generally considered to
be one of the manifestations of circadian rhythms, and it represents the behavioral pattern of organizing
events during the 24 hours of a day, especially referring to the subjective preference of individuals for
sleep-wake times 2% 25, which can be divided into morning chronotype, neutral chronotype, and evening
chronotype?8. In previous studies, it was agreed 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 evening chronotype?’. With the increasing prevalence of infertility,
more and more researchers are also focusing on circadian rhythm variations in infertile individuals and have
found that worse sleep quality and evening chronotype are more common in infertile populations compared
to those with fertility 2®. However, it is noteworthy that two prospective studies exploring the onset and
progression of infertility from a chronotype perspective suggest suggested that morning chronotype may be
a risk factor for fertility2?: 30,

To be sure, it is necessary to examine the impact of morning chronotype on depression during infertility
treatment. Since infertility is a more specific reproductive disorder, although not fatal, it can have a negative
impact on the individual and the spouse, or even the entire family. Depressive symptoms, a major type of
depression, without timely intervention are likely to develop into depression. Therefore, exploring the causes
of depression is essential to promote health and function throughout the life course. To the best of our
knowledge, there is a lack of clarity about the relationships between chronotype and depressive symptoms
during infertility treatment. Accordingly, the objectives of this study were (1) to examine the effect of sleep
type on the depressive symptoms in subjects undergoing infertility treatment. and (2) to assess the partner
effect of spouses’ chronotype on each other’s depressive symptoms.

Materials and methods
Participants

From August to October 2022, we conducted this cross-sectional study among infertile couples in an artificial
endometrial preparation from the Center for Reproductive Medicine, First Affiliated Hospital of Anhui Med-
ical University (Hefei, Anhui, China). Those patients who met the diagnostic criteria for infertility and were
actively seeking treatment were included. Subjects with a history of psychiatric disease, no embryo transfer,
comorbidities such as hypertension, diabetes, or kidney disease, or voluntarily withdrew were excluded (n =
152). In this study, baseline data were collected on the day of the ovulation injection through a questionnaire
that the subjects scanned a QR code using a mobile application to access the questionnaire and completed
it under the constant supervision of highly trained research staff. The content of the questionnaire included
general demographic characteristics (age, sex, ethnicity, education level, income, occupation, and marital
status), behavioral lifestyle (smoking or passive smoking, alcohol and coffee consumption, Sleep, psycholog-
ical state, physical activity, and dietary habits), family and social relationships (social capital, family power
and reproductive quality of life) and fertility treatment history (parity, gravidity, history of preterm birth
and abortion, infertility treatment timing and causes). Ultimately, after subjects with missing data were
excluded (n = 44), a total of 1,022 infertile patients were included in the final analysis. The study protocol
was approved by the Ethics Committee of Anhui Medical University (No. 20200961) in accordance with 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 (Figure S1 ).

Chronotype assessment

At present, the most widely used circadian rhythm scale is the Morning and Evening Questionnaire, of which
the Morning and Evening Questionnaire-19 Items (MEQ-19) was first proposed by Horne and Ostberg 3. In
order to quickly screen the chronotypes, we used the Morning and Evening Questionnaire-5 Items (MEQ-5),
which was extracted from the MEQ-19 by Adan and Almiralli through statistical modeling 32. It is proved to
have promising psychometric properties, reliability and validity, where the Cronbach’s alpha coefficient for
our study was 0.703. Due to the limited number of individuals within the lowest or highest chronotype score
group, the chronotype of subjects were divided into evening chronotype (4-11 score), neutral chronotype
(12-17 score), and morning chronotype (18-25 score) in current study based on the MEQ-5 score.

Depressive symptoms assessment

The participants were also asked to report their psychological status over the past week through the Patient
Health Questionnaire-9 (PHQ-9). It is a simple and effective self-rating scale for the depressive disorder
based on the diagnostic criteria of the American Psychological Association 23, which has been demonstrated
to have good reliability and validity by previous studies 34, with Cronbach’s alpha coefficient being 0.910 in
the present study. It contains 9 items with an overall score ranging from 0 to 27, higher scores indicate more
severe depressive symptoms. In the present study, the total score was divided into a dichotomous variable,
score ;4 points indicate mild and above depressive symptoms, and conversely no depressive symptoms.

Covariates

All covariates were derived from self-reported baseline questionnaires. We searched the previously relevant
literature and used a directed acyclic graph to select potential confounders®®(Figure S2 ). Specifically, the
following covariables are considered in the analysis: age ([?]29, 30-34, and [?]35 years), sex (male, female),
annual income (<30,000, 30,000760,000, [?]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, 7712, 13724, >24 month),
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 [?]1h ), social jetlag (<1 and [?]1h), and nighttime sleep duration (<8 and [7]8hL).

Statistical analysis

Continuous variables were expressed as mean + standard deviation (SD) or median (P25, P75), and cate-
gorical variables were expressed as percentages. We compared the distribution of participants with different
demographic characteristics by chronotypes (morning chronotype, neutral chronotype, and evening chro-
notype) using t-tests and analysis of variance (ANOVA) for continuous variables or Chi-square tests and
Fisher’s exact test for categorical variables. Binary logistic regression models were used to examine the rela-
tionship between chronotype and depressive symptoms during infertility treatment. Hypothesis testing was
performed to ensure that the assumptions of the regression model were met. Since the missing values are
few, we handle it by deleting the rows.

We used the evening chronotype as the reference group in the binary logistic regression models to assess
the odds ratios (ORs) and 95% confidence intervals (CIs) for chronotype on the depressive status and
adjusted for possible confounding variables in the final model, 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 tests
were performed using the median of the different categories of chronotypes scores as a continuous variable.
Restrictive cubic splines with five knots were conducted to characterize the dose-response curve between
sleep and depressive symptoms. We also tested the interaction effect and estimated the relationship between
chronotype and odds of depressive symptoms by stratification of the covariates above. A sensitivity analysis



was applied to test the robustness of the results. As well, we utilized the Actor- Partner Interdependence Mode
(APIM) approach to explore the partner effect of own chronotype on the spouse’s depressive symptoms, as
recommended by Kenny et al 3. In our study, the actor effect refers to the influence of a person’s chronotype
on his/her own depressive symptoms, and the partner effect refers to the influence of a person’s chronotype
on his/her spouse’s depressive symptoms. The APIM framework for a husband-wife dyad is also described
in Figure S3 .

All the above statistical analyses were carried out using R software version 4.1.0 (University of Auckland,
Auckland, New Zealand), SPSS version 23.0 (SPSS, Chicago, IL, USA), and Mplus software (version 8.3). In
current study, all statistical tests were double-tailed and the level of significance was p -value <0.05 which
was considered statistically significant.

Results
General Characteristics of Participants across chronotype

The characteristics of the 1022 (96.2%) subjects included in present study are shown in Table 1 . 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 MEQ scores, approximately 9.39% of the participants were
identified as evening chronotype, while 68.2% were neutral chronotype and 29.06% were 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 in
the evening chronotype were more likely to be younger, to be free of passive smoking, had a high or vocational
school education level, a higher annual income, more frequent insomnia, never daytime napping, lower level
of physical activity as well longer sleep and social jetlag times and shorter infertility treatment times. In
addition, we observed that 527 individuals reported mild and above depressive symptoms, representing 51.6%
of the total subjects, with a trend toward a decrease in depressive symptoms as the chronotype from evening
to neutral and then to morning. The characteristics of participants according to depressive phenotype are
shown in Table S1 .

Binary logistic regression models

We assessed the association of chronotype with the risk of depressive status during infertility treatment,
as shown inTable 2 . Compared to subjects in the evening chronotype group, neutral 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) were significantly associated with lower odds of depressive symptoms. Similarly, after adjusting for
confounders, neutral chronotype (OR = 0.47, 95% CI: 0.28-0.77, P trend <0.001) and morning chronotype
(OR = 0.32, 95% CI: 0.18-0.57, P trend <0.001) types were still associated with lower odds of depressive
status, although this risk reduction was attenuated. For each standard deviation increase in MEQ-5 scores,
the adjusted ORs (95% ClIs) were 0.69 (0.59-0.79, P <0.001) for depressive symptoms.

Test for nonlinear association between MEQ-5 scores and Depressive symptoms

In addition, we examined the non-linear dose-response relationship between chronotype (MEQ-5 score) and
risk of depressive symptoms by restrictive cubic splines, as shown in Figure 2. After adjusting for 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 odds of depressive symptoms appeared to decrease with increasing MEQ-5
scores (P overall < 0.001); however, no nonlinear trend was observed (P non-linear = 0.526) (Figure 1 ).

Stratified and sensitivity analyses

In stratified analysis, we did not find any differential association of chronotype with odds of depressive
symptoms, according to 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 (all p for interaction > 0.05). As illustrated in Figure
2.

In addition, we performed repeated analyses to test the robustness of the results by excluding individuals
who worked shift or night, the association of morning and neutral chronotypes with the risk of depressive
status were similar to 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). As illustrated in Table S2 .

APIM analysis

We screened 397 infertile couples among 1022 subjects for inclusion in the APIM with distinguishable dyads.
The results showed that both female and male chronotype exerted an actor effect on their own depressive
symptoms (§ = -0.514, p <0.001; B = -0.228,p <0.045, respectively). However, contrary to our expectations,
our study did not observe a strong partner effect of female/male chronotype on spouse depressive symptoms.
Specifically, the earlier chronotype for husband had a detrimental effect on wife’s depressive symptoms (8
= 0.145, p = 0.200), yet the earlier chronotype for the wife had a protective effect on husband’s depressive
symptoms (8 = -0.074, p = 0.577), but neither was statistically significant (Table 3 ).

Discussion
Main findings

In this cross-sectional study of 1022 Chinese infertility patients, we observed that morning and neutral
chronotypes individuals were less likely to experience depressive symptoms during assisted reproductive
treatment compared to evening chronotype, based on comparative analysis of chronotype and PHQ-9 scores,
and this protective association appeared stronger in persons aged [?]30 years and among individuals with
nighttime sleep duration <8h or social jetlag [?]1h. As far as we know, this is the first observational study to
investigate the relationship between chronotype and depressive status among the infertility population who
underwent assisted reproductive technology treatment. However, findings should be interpreted cautiously
as the chronotype were based on self-reported MEQ-5 scores that may be misclassified.

Strengths and limitations

Several strengths of the current study in regard to the methods and design, including selected infertile couples
with more fully displayed psychological characteristics as research objects, which ensured the credibility of
the research results to a certain extent. Additionally, in terms of exposure assessment, we systematically
collected sleep characteristics through the 22-item Sleep Factor Questionnaire (SFQ)37. Meantime, we also
adjusted for other sleep factors that may influence the outcome for incident depression in the analysis. We
were also the first group to explore the relationships between chronotype and depressive symptoms in infertile
couple, although no partner interdependence effects may not be found in the relationships.

Whereas, some limitations to the present study should be noted. First, since our design was cross-sectional
studies rather than longitudinal studies or randomized clinical trials, which may describe associations, but
are limited to causal inference. However, this study can still provide clues about risk factors for depressive
symptoms and may provide the scientific basis for future studies. Second, participants’ chronotype and
depressive symptoms were self-reported on the day of oocyte retrieval based on validated scales with good
reliability and validity, which still may lead to bias and reduce the power of our evidence in some respects.
Third, the study was based on couples undergoing infertility treatment, and the findings may not be directly
generalizable to other populations. Also, the data on sleep characteristics in this study was based on the
past six months, which may not reflect long-term sleep habits. Also, this study lacks objective indicators to
explain the biological mechanism behind the relationship between chronotype and depressive symptoms in
infertile couples, future studies need to be further verified.

Interpretation

Previous studies of chronotype and depression in infertility patients were quite limited, First, most studies
agree that chronotype may be significantly associated with negative affect, including the general population,



the elderly, pregnant women, children, or adolescents, which is consistent with our findings in the infertil-
ity population. 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 3%. Secondly, an
animal study of cortisol-induced depression-like behavior, suggested that circadian rhythms may cause or
predict episodes of depression®®. However, a recently conducted longitudinal study showed that chronotype
did not predict the duration of depression or anxiety disorders “°. The above differences may be due to the
study subjects, whether the findings from animal experiments are directly analogous to humans, as well as
how well chronotype predict the course of depressive illness, further clinical trials or cohort studies are still
needed to investigate these aspects of health effects. Thirdly, Chronotype not only to be associated with a
depressive disorder diagnosis but also with the severity of the disorder®. Interestingly, a 7-year follow-up
study showed that changes in chronotype was only associated with the severity of depressive symptoms
but not with anxiety symptoms 4!. Next, the independent role of chronotype has also been reported. A
study found that daytime sleepiness and sleep debt mediated the effects of evening chronotype preferences in
young adult college students increasing the risk of depression and anxiety, but not in the general population
of young adults *2. Moreover, studies have confirmed that evening chronotype have a higher risk of depres-
sion than other chronotypes and that the association exists independently of perceived stress, poor sleep,
and insufficient sleep duration*? 44. Undoubtedly, the findings of these studies reinforce the importance of
studying the role of chronotype in depression. Additionally, chronotype studies in infertility populations
have shown that morning chronotype may be the risk factor for IVF-ET outcomes, with the lowest rates
of clinical pregnancy and live birth and the highest rate of miscarriage 3°. Another prospective study also
showed that mid-sleep time (MST) earlier than 2:21 a.m. (<2:21 a.m.) or later than 3:00 a.m. ([?]3:00 a.m.)
was negatively associated with fertilization rates 2°. The effect of chronotype on health varies across studies
with different outcome variables observed. Although morning chronotype was shown to be a protective factor
for depressive symptoms in our study, it may also be a risk factor for physical health, more studies with
larger sample sizes are necessary to determine the effect of time type on the infertility population.

Our results confirm and extend previous epidemiological studies showing the sex-specific effects of chronotype
on depressive status. A study among 5,550 non-shift working adults in Korea found that late chronotype
was associated with a 2.9-fold increased risk of depression in women, but not in men 4°. Our findings are
broadly consistent with previous studies and extend these observations further into the infertility population.
Specifically, we found through APIM that own depressive symptoms may not be influenced by the chronotype
of the partner. Notably, our findings also showed a significant interaction between age and chronotype on the
odds of developing depressive symptoms, whereby the health benefits of depressive symptoms were greater
for morning chronotype and neutral chronotype in participants aged [?]30 years. The chronotype depend
on genetic and age-related factors, and it becomes earlier as aging progressesS, generally adolescents and
young adults show the evening chronotype 47. A study with a predominantly rural population reported that
mild to severe depression was significantly associated with later chronotype and higher social jetlag (> 2h),
especially in ages 31-40 years®®, which is broadly consistent with our study. In addition, we observed that
sleep deprivation and high social jetlag may be another cause of depressive symptoms, morning chronotype
and neutral chronotype produced stronger health benefits for depressive symptoms in subjects with high
social jetlag ([?]1h) and sleep deprivation (<8h). A large number of epidemiological studies have explored
the relationship between sleep deprivation and depression, showing sleep deprivation to be an important
risk factor for the development of depression and this association may be driven by the pathway of sleep
disorder. Also, one recent study has shown that social jetlag is significantly associated with depression and
independent of sleep debt*?. It is partially consistent with our conjecture, but further clinical trials or cohort
studies are needed to validate these health effects in the future.

Although the underlying mechanisms on the association between chronotype and depressive symptoms are
poorly understood, there are possible mechanisms. First, it has been well-documented that the amygdala
reactivity plays a crucial role in emotional outcomes®®. Specifically, the later chronotype was associated with
increased reactivity of the amygdala to negative affective stimuli, and similar findings have been reported in
patients with depression and in high-risk populations, including highly neurotic and with family history of



depression °'. Secondly, apart from the degree of amygdala activation related to emotional processing, there
are also differences in the functional connectivity of the amygdala and dorsal anterior cingulate cortex. Horne
and colleagues found significantly reduced functional connectivity between amygdala and dorsal anterior
cingulate cortex in the later chronotype®'. It means that the evening chronotype may produce a stronger
emotional response to negative stimuli, which inhibits the dorsal anterior cingulate regulation to the amygdala
and thus affects emotion modulation.

Conclusions

To conclude, our study found that significantly associated between chronotype and depressive symptoms
in infertility patients, although there may not be a partner effect. Morning and neutral chronotypes may
be effective in alleviating depressive symptoms during infertility treatment. From a clinical and public
health perspective, improving the psychological status of infertility patients during treatment may benefit
reproductive treatment outcomes. Also, the underlying causes of depressive symptoms may be multifactorial,
and additional prospective studies are needed to validate this association as well as to identify effective
strategies to promote mental health in this population.
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Table 1. The characteristics of participants according to Morning and Evening Questionnaire score status

+ .
Characteristic Overall Chronotypes™™ Chronotypes™™ Chronotypes™™ D
Evening Neutral Morning
Chronotype Chronotype Chronotype
No. of 1022 96(9.4) 697(68.2) 229(22.4)
Participants
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Characteristic Overall Chronotypes™™ Chronotypes™™ Chronotypes™™ D
Age (%) 0.010
[7]29 377 (36.9) A1 (42.7) 268 (38.5) 68 (29.7)

30-34 457 (44.7) 46 (47.9) 305 (43.8) 106 (46.3)

[7]35 188 (18.4) 9 (9.4) 124 (17.8) 55 (24.0)

Sex (Female, 608 (59.5) 56 (58.3) 498 (61.4) 124 (54.1) 0.148
%)

Education (%) 0.011
Middle school 302 (29.5) 24 (25.0) 190 (27.3) 88 (38.4)

or below

High/ 382 (37.4) 43 (44.8) 263 (37.7) 76 (33.2)

vocational

school

College degree 338 (33.1) 29 (30.2) 244 (35.0) 65 (28.4)

or above

Annual 0.043
incomes (%)

<30, 000 388 (38.0) 30 (31.2) 255 (36.6) 103 (45.0)

30, 000-60, 000 242 (23.7) 23 (24.0) 178 (25.5) 41 (17.9)

17160, 000 302 (38.4) 43 (44.8) 264 (37.9) 85 (37.1)

Passive <0.001
smoking (%)

Never 326 (31.9) 49 (51.0) 220 (31.6) 57 (24.9)

Occasionally 591 (57.8) 45 (46.9) 419 (60.1) 127 (55.5)

Frequently 105 (10.3) 2 (2.1) 58 (8.3) 45 (19.7)

Physical 0.467
activity (%)

Low 342 (33.5) 34 (35.4) 223 (32.0) 85 (37.1)

Moderate 341 (33.4) 31 (32.3) 244 (35.0) 66 (28.8)

Vigorous 339 (33.2) 31 (32.3) 230 (33.0) 78 (34.1)

Cause of 0.923
infertility (%)

Male factor 179 (17.5) 14 (14.6) 126 (18.1) 39 (17.0)

Female factor 365 (35.7) 39 (40.6) 242 (34.7) 84 (36.7)

Both 249 (24.4) 21 (21.9) 174 (25.0) 54 (23.6)

Unexplained 229 (22.4) 22 (22.9) 155 (22.2) 52 (22.7)

Living children 162 (15.9) 9 (9.4) 105 (15.1) 48 (21.0) 0.020
(ves, %)

Infertility 0.335
treatment time

[7]6 month 342 (33.5) 40 (41.7) 2923 (32.0) 79 (34.5)

7-12 month 217 (21.2) 17 (17.7) 152 (21.8) 48 (21.0)

13-24 month 310 (30.3) 26 (27.1) 2923 (32.0) 61 (26.6)

>24 month 153 (15.0) 13 (13.5) 99 (14.2) 41 (17.9)

Frequency of <0.001
insomnia (%)

Never 236 (23.1) 14 (14.6) 156 (22.4) 66 (28.8)

Occasionally or 687 (67.2) 60 (62.5) 476 (68.3) 151 (65.9)

[?]3 per month

[7]4 per month 99 (9.7) 22 (22.9) 65 (9.3) 12 (5.2)
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Characteristic Overall Chronotypes™™ Chronotypes™™ Chronotypes™™ D

Nocturnal 0.087
wake

frequency (%)

Never 158 (15.5) 23 (24.0) 106 (15.2) 29 (12.7)

Occasionally 471 (46.1) 42 (43.8) 327 (46.9) 102 (44.5)

[?]1 per night 393 (38.5) 31 (32.3) 264 (37.9) 98 (42.8)

Daytime 0.004
napping (%)

Never 295 (28.9) 41 (42.7) 199 (28.6) 55 (24.0)

<1 525 (51.4) 33 (34.4) 366 (52.5) 126 (55.0)

[7]1 202 (19.8) 22 (22.9) 132 (18.9) 48 (21.0)

Social jetlag 211 (20.6) 29 (30.2) 147 (21.1) 35 (15.3) 0.009
(711 b, %)

Nighttime 680 (66.5) 71 (74.0) 454 (65.1) 155 (67.7) 0.210
sleep duration

([718 b, %)

Depression 527 (51.6) 68 (70.8) 364 (52.2) 95 (41.5) <0.001
symptoms

(yes, %)

Note: T Values were presented as mean & SD or percentages; ™7 Evening Chronotype: 4-11 score; Neutral
Chronotype: 12-17 score; Morning Chronotype: 18-25 score.

Table 2 . Association between chronotype and depressive symptoms in infertility populations according to
Morning and Evening Questionnaire score status T.

Depressive symptoms OR (95% CIs) OR (95% CIs) OR (95% CIs) Per 1-SD Prren
Evening chronotypes Neutral chronotype Morning chronotype

No. of cases/participants 68/96 364/697 95/229

Model 12 Reference 0.45 (0.28-0.72) ™ 0.29 (0.18-0.49) ™ 0.68 (0.60-0.78) *  <0.0C

Model 2P Reference 0.45 (0.28-0.73) ™" 0.31 (0.18-0.53) ™" 0.68 (0.59-0.78) *  <0.0C

Model 3¢ Reference 0.47 (0.28-0.77) ™ 0.32 (0.18-0.57) *"  0.69 (0.59-0.79) " <0.0C

Note: ClIs, confidence intervals; ORs, odds ratios.

T Evening Chronotype: 4-11 score; Neutral Chronotype: 12-17 score; Morning Chronotype: 18-25 score.
" P <0.05, 7" P <0.01, " P <0.001.

& Model 1: did not adjust for the covariates.

Kok k

b Model 2: additionally included age, sex, education, annual incomes, education, passive smoking, physical
activity, cause of infertility, living children, and infertility treatment time.

¢ Model 3: additionally included frequency of insomnia, nocturnal wake frequency, daytime napping, social
jetlag, and nighttime sleep duration.

4 The trend test was performed by assigning medians to three categories as a continuous variable in the
models.
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Table 3 . Actor and partner effects of chronotype on depressive symptoms in infertile couples (n = 397
couples)

Female Female Male Male Male

B (SE) J2 P 8 (SE) P J2
Actor’s depressive symptoms -0.514(0.139)  0.001 0.001 - 0.228(0.114) 0.045 0.045
Partner’s depressive symptoms  0.145 (0.113)  0.200 0.200 - 0.074(0.132) 0.577 0.577

Note: 3, Standardized Coeflicient; SE, Standard Error
Table Legends

Table 1. The characteristics of participants according to Morning and Evening Questionnaire score status
Jr

Note: T Values were presented as mean 4+ SD or percentages; T Evening Chronotype: 4-11 score; Neutral
Chronotype: 12-17 score; Morning Chronotype: 18-25 score.

Table 2 . Association between chronotype and depressive symptoms in infertility populations according to
Morning and Evening Questionnaire score status *.

Note: CIs, confidence intervals; ORs, odds ratios. TEvening Chronotype: 4-11 score; Neutral Chronotype:
12-17 score; Morning Chronotype: 18-25 score. =~ P <0.05,”" P <0.01, " P <0.001. ® Model 1: did not
adjust for the covariates. ® Model 2: additionally included age, sex, education, annual incomes, education,
passive smoking, physical activity, cause of infertility, living children, and infertility treatment time. ¢ Model
3: additionally included frequency of insomnia, nocturnal wake frequency, daytime napping, social jetlag,
and nighttime sleep duration. 4 The trend test was performed by assigning medians to three categories as a
continuous variable in the models.

Table 3 . Actor and partner effects of chronotype on depressive symptoms in infertile couples (n = 397
couples).

Note: 3, Standardized Coeflicient; SE, Standard Error
Table S1. The characteristics of participants according to depression phenotypes T.

Note: * Values were presented as mean & SD or percentages; T+ non-Depression: 0-4 score; Depression:
5-27 score.

Note: ClIs, confidence intervals; ORs, odds ratios. TEvening Chronotype: 4-11 score; Neutral Chronotype:
12-17 score; Morning Chronotype: 18-25 score.” P <0.05, ™ P <0.01,”" P <0.001. ® Model 1: did not
adjust for the covariates. ® Model 2: additionally included age, sex, education, annual incomes, education,
passive smoking, physical activity, cause of infertility, living children, and infertility treatment time. ¢ Model
3: additionally included frequency of insomnia, nocturnal wake frequency, daytime napping, social jetlag,
and nighttime sleep duration.? The trend test was performed by assigning medians to three categories as a
continuous variable in the models.

Table S2 . Sensitivity analysis on association between chronotype and depressive states among individuals
without night/shifts work in infertility populations according to Morning and Evening Questionnaire score
status .

Figure Legends

Figure 1. Visualization of the dose-response relationship between chronotype and depressive symptoms
based on restricted cubic splines. Abbreviations: OR, Odds ratio; CI, confidence interval. Covariates
adjusted in the models were the same as those in model 4 inTable 2 (see Table 2 footnote).
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Figure 2. Stratified analysis on the association between chronotype and odds of depressive symptoms.
Abbreviations: OR, Odds ratio. Covariates adjusted in the models were the same as those in model 4 in
Table 2 (see Table 2 footnote).

Figure S1. Flow chart of selection of participants in the analysis.
Figure S2. Directed acyclic graph for confounder selection

Figure S3. Actor—Partner Interdependence Model of chronotype and depressive symptoms in infertile
couples.

Note: Am: actor effect of female’s chronotype on her own depressive symptoms; Af: actor effect of male’s
chronotype on his own depressive symptoms; Pfm: partner effect of female’s chronotype on male’s depressive
symptoms; Pmf: partner effect of male’s chronotype on female’s depressive symptoms; Em and Ef: residual
errors on depressive symptoms for female and male, respectively.

Depressive symptoms

Povera.'.' <0.001

P non-linear = 0.705

= 12 16 20

Chronotype(MEQ-5 scores)
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OR forest plot OR forest plot

Subgroup for Chronotypes (Neutral vs. Evening) for Chronotypes (Morning vs. Evening)
Age, years :

<30 ———— 094 (0.43~2.04) ——————— 0.66 (0.26 ~ 1.66)

230 — 0.28 (0.14 ~ 0.59) — 0.19 (0.09 ~ 0.43)
Sex i i

Male e 0.74 (0.34 ~ 1.58) e 0.49 (0.21 ~ 1.13)

Female — 0.30 (0.14 ~ 0.63) e 0.22 (0.10 ~ 0.51)
Annual incomes i i

<60,000 — 0.30 (0.14 ~ 0.64) —_ 0.21 (0.09 ~ 0.49)

260,000 — 0.81(0.38 ~ 1.75) ————— 0.67(0.28~1.61)
Education level

Vocational school or below ———— 0.33 (0.13~0.85) EER— 0.26 (0.09 ~ 0.76)

College degree or above —— 0.52 (0.28 ~ 0.96) — 0.34 (0.17 ~ 0.68)
Passive smoking i

Always —_— 0.58 (0.27 ~ 1.23) —_— 0.25 (0.10 ~ 0.64)

Occasionally or never e 0.38 (0.18 ~ 0.78) — 0.32 (0.15 ~ 0.69)
Physical activity i

Low — 0.24 (0.09 ~ 0.63) — 0.20 (0.07 ~ 0.58)

Moderate to Vigorous — 0.69 (0.37 ~1.27) R— 0.45 (0.23 ~ 0.90)
Cause of infertility : :

Female — 0.37 (0.15 ~ 0.87) R — 0.37 (0.14 ~ 0.99)

Others — 0.53 (0.28 ~ 1.01) Em— 0.30 (0.15 ~ 0.62)
Infertility treatment time i

<12 month — 0.37 (0.19 ~ 0.73) Ea— 0.31(0.14 ~ 0.66)

213 month —— 0.65 (0.28 ~ 1.47) S — 0.40 (0.16 ~ 0.99)
Insomnia

No _— 0.50 (0.14 ~ 1.73) —_— 0.35(0.09 ~ 1.34)

Yes E— 0.43 (0.25~0.74) — 0.27 (0.14 ~ 0.51)
Night-time wakings :

Occasionally or never Ema— 0.46 (0.25 ~0.83) — 0.27 (0.13 ~ 0.54)

21 per night — 0.43 (0.17 ~ 1.11) —_— 0.37 (0.13 ~ 1.01)
Daytime napping

No —_— 0.63 (0.29 ~ 1.36) —————— 0.59(0.23 ~ 1.55)

Yes En— 0.42 (0.21 ~ 0.85) E— 0.25 (0.12 ~ 0.55)
Nighttime sleep duration :

<8h R 0.24 (0.07 ~ 0.78) —_— 0.19 (0.05 ~ 0.68)

28 h Em— 0.54 (0.30 ~ 0.96) e a— 0.35(0.18 ~ 0.68)
Social jetlag

<th —_— 0.61(0.34 ~ 1.10) Em— 0.44 (0.23 ~ 0.84)

21h e — 0.19 (0.06 ~ 0.59) [— 0.10 (0.02 ~ 0.39)

A I I I I I R
05 1 15 2 0.5 1 1.5
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