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Péter Przemyslaw Ujma,
Semmelweis University, Hungary
Jiansong Zhou,
Central South University, China

*CORRESPONDENCE

Ke-Xin Cao

caokexin@bjmu.edu.cn

Yan-Xue Xue

yanxuexue@bjmu.edu.cn

†These authors have contributed
equally to this work and share
first authorship

RECEIVED 17 March 2023
ACCEPTED 06 September 2023

PUBLISHED 16 October 2023

CITATION

Li Q-L, Wang C, Cao K-X, Zhang L, Xu Y-S,
Chang L, Liu Z-H, Yang A-J and Xue Y-X
(2023) Sleep characteristics before assisted
reproductive technology treatment predict
reproductive outcomes: a prospective
cohort study of Chinese infertile women.
Front. Endocrinol. 14:1178396.
doi: 10.3389/fendo.2023.1178396

COPYRIGHT

© 2023 Li, Wang, Cao, Zhang, Xu, Chang,
Liu, Yang and Xue. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

TYPE Original Research

PUBLISHED 16 October 2023

DOI 10.3389/fendo.2023.1178396
Sleep characteristics before
assisted reproductive technology
treatment predict reproductive
outcomes: a prospective cohort
study of Chinese infertile women
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Peking University International Hospital, Beijing, China, 4Department of Pharmacology, School of
Basic Medical Sciences, Peking University, Beijing, China, 5Department of Psychiatry, Shandong
Daizhuang Hospital, Jining, China, 6Henan Key Laboratory of Medical Tissue Regeneration, School of
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Sleep disorders affect mental and physical health. Infertile women undergoing

assisted reproductive technology (ART) treatment are prone to sleep disorders.

Sleep condition, its influencing factors, and the association between sleep

condition and ART treatment outcomes before treatment have not been

explored within a population with a large sample size. Therefore, we investigated

the sleep characteristics of 1002 Chinese infertile women before ovulation

induction and investigated the influencing factors (negative and positive

psychological factors, demographics, and fertility characteristics). We also

examined whether sleep conditions before treatment predicted reproductive

outcomes. We found that 24.1% of participants reported poor sleep quality.

Women with primary infertility reported poorer sleep than women with

secondary infertility. Negative psychological factors, including depression,

anxiety, and perceived stress were associated with poor sleep, whereas positive

affect was linked with good sleep. Adverse sleep characteristics, including poor

subjective sleep quality, sleep disturbances, and poor sleep efficiency, decreased

the quantity and quality of oocytes retrieved, fertilization rates, and clinical

pregnancy rates. This study indicates that before ART treatment, a large number

of females with infertility suffer from sleep problems, which are affected by

psychological factors and infertility type, and unhealthy sleep characteristics may

impair treatment outcomes. Our findings highlight the importance of screening

and treatment for sleep disorders before the enrollment of ART treatment in

infertile women.

KEYWORDS

sleep quality, infertile women, anxiety, depression, stress, positive affect, assisted
reproductive technology (ART), reproductive outcomes
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Introduction

Sleep quality is an important factor that affects human health.

Sleep disorders are associated with depression and anxiety, as well

as an increased risk of cardiovascular disease, hypertension,

diabetes (1–5), and infertility (6–10). Infertility is a widespread

health problem. Infertility is a widespread global health problem.

Infertility is a disease of the male or female reproductive system

defined by the failure to achieve a pregnancy after 12 months or

more of regular unprotected sexual intercourse (11). Worldwide,

10-15% of couples of childbearing age suffer from infertility (12).

Assisted reproductive technology (ART) eases the burden of

infertility on individuals and families. Until 2020, more than 8

million babies worldwide have been successfully born using

techniques such as IVF/ICS (13). However, the overall clinical

pregnancy rate maintained at only approximately 35% (14, 15).

The success of infertility treatment depends mainly on the quality of

the oocytes (16). In addition to physiological and drug factors, sleep

quality can also affect oocyte quality (16). Chronic sleep deprivation

is a biological stress (17) that enhances the activity of the

hypothalamic-pituitary axis (18) and sympathetic nervous system

(19) and leads to excessive oxidative stress (20–22). The increase in

reactive oxygen species (ROS) in patients with sleep disorders

interferes with the follicular microenvironment to a great extent

and further affects the quality of follicles as well as the development

and differentiation of embryos (16, 22), which may have a

detrimental effect on ART treatment outcomes (23–27).

Therefore, it is necessary to pay attention to sleep quality in

women who plan to undergo IVF/ICSI.

Sleep disorders are prevalent in patients undergoing ART

treatment (16, 28, 29). Sleep disorders include too short or too

long sleep duration, sleep fragmentation, circadian dysrhythmia,

and hypoxia (9). Sleep quality assessment with PSQI suggested that

the detection rates of poor sleep quality in females before and

during IVF/ICSI were different (29–32). Although the sleep quality

of females undergoing IVF/ICSI treatment is gaining more interest,

sleep status prior to treatment is rarely assessed. The sample sizes of

previous studies that investigated the incidence of sleep disorders

before IVF/ICSI treatment were relatively small (29, 32). In a study

involving 21 participants, 57% of the participants had sleep

disturbances before treatment (29). Another study involving 163

participants found that most participants (92.2%) reported poor

sleep quality before treatment (32). During treatment, patients were

given ovulation induction drugs and underwent invasive

procedures (33). A study with a large sample size to investigate

the sleep characteristics of women before ovulation induction will

avoid the bias caused by the small sample size and control the

confounding effects of pharmacotherapy.

Sleep quality and mental health are closely related. Irritability

and anxiety affect the quality of sleep (34), and negative emotions

and sleep disorders may form a vicious circle. Women experience

more psychological stress than men during ART treatment (35–37),

resulting in anxiety, depression, and other psychological

disturbances (38, 39) and sleep disorders (31, 40). In addition, at

different stages of IVF/ICSI treatment, the prevalence of anxiety and
Frontiers in Endocrinology 02
depression differ (30, 41). Although many studies have explored the

psychological condition of females undergoing IVF, only a few

studies have explored the psychological factors that impact sleep

quality (30, 32, 42), and they mainly focus on negative psychological

factors. Little is known about the association between positive

psychological factors and sleep.

In this study, we collected data on sleep characteristics in

women who planned to undergo IVF/ICSI and analyzed factors

(negative and positive psychological factors and fertility

characteristics) that may affect sleep quality. We also assessed the

relationship between sleep characteristics and reproductive

outcomes (the number of oocytes retrieved, the oocyte retrieval

rate, the number of mature oocytes, the number of good-quality

embryos, fertilization rate, and clinical pregnancy). We

hypothesized that both negative and positive psychological factors

contribute to sleep quality. We also hypothesized that sleep quality

before ART treatment is associated with both intermediate

reproductive outcomes and clinical pregnancy rate.
Materials and methods

Participants and study design

This is a prospective cohort study. From April 2020 to October

2021, we recruited a convenience sample of 1142 females who

planned to undergo ART treatment at the Reproductive Medicine

Department, Affiliated Hospital of Jining Medical University,

China. Inclusion criteria: a. Participants who had regular sexual

intercourse without contraception for at least one year without

pregnancy (43); b. Participants who planned to undergo IVF/ICSI;

c. Age ≥20 years; d. Participants must be able to complete the

questionnaire independently; e. No other serious physical illness.

Exclusion criteria: a. History of major life events in the last 2

months; b. History of major mental illness. Each participant gave

written informed consent, and all protocols were approved by the

Medical Science Ethics Board of Affiliated Hospital of Jining

Medical University (2020C081).

At enrollment, each participant completed a questionnaire on

demographic information and fertility. On the day of ovulation

promotion of IVF/ICSI treatment, the participant received the study

questionnaire. In the analysis of sleep characteristics and the

influencing factors of sleep quality, 135 participants who

completed IUI cycles and 5 participants who lacked information

on sleep characteristics were excluded, and 1002 participants were

included. In the analysis of the relationship between sleep

characteristics and intermediate reproductive outcomes, women

who experienced cryopreservation-thaw cycle (N = 87) and

women who lacked intermediate clinical reproductive outcomes

(N = 22) were further excluded, resulting in a total of 893

participants included. In analyzing the relationship between sleep

characteristics and clinical pregnancy outcomes, women lacking

information on clinical pregnancy outcomes of IVF/ICSI were

further excluded (N = 489), and 404 participants were

included (Figure 1).
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Data collection

The baseline questionnaire was used to collect data on

sociodemographic characteristics and fertility status. Validated

standardized scales were used to assess participants’ psychological

states including depression, anxiety, perceived stress, and sleep

quality prior to ART. IVF/ICSI treatment outcomes were

extracted from the hospital information system, which included

the number of oocytes retrieved, oocyte retrieval rate, number of

mature oocytes, number of high-quality embryos, fertilization rate,

and clinical pregnancy.
Measures

Basic personal information questionnaire
The custom questionnaire collects demographic information

such as age, body mass index, education level, economic status, and

fertility information such as cycle type, duration of infertility,

infertility type, cause of infertility, number of cycles, past

pregnancy history, and previous treatment.

Pittsburgh Sleep Quality Index
Pittsburgh Sleep Quality Index (PSQI) was developed in 1989

by Buysse and colleagues and has been widely used to assess sleep

quality (44, 45). PSQI consists of 19 items rated by self and 5 items

rated by roommate or bedpartner. The 5 other-rated items were

used for clinical information only and were not included in the
Frontiers in Endocrinology 03
scoring of PSQI. The 19 self-rated items are classified into seven

components: subjective sleep quality, subjective sleep quality, sleep

latency, sleep duration, habitual sleep efficiency, sleep disturbances,

use of sleeping medication, and daytime dysfunction. Each

component scores 0–3 and the scores of the seven components

are added together to obtain a total PSQI score to measure global

sleep quality. A cut-off score of > 5 was utilized, and the sensitivity

and specificity were 89.6% and 86.5%, respectively (44).

Beck Depression Inventory-Short Form
Beck Depression Inventory-Short Form (BDI-13) is widely used

to evaluate the severity of depression. BDI consists of 13 items, and

each item scores 0–3. The scoring assessment is as follows: 0–4 no

depression, 5–7 mild depression, 8–15 moderate depression, 16–39

severe depression (46).

Self-rating anxiety scale
Zung’s self-rating anxiety scale (SAS) assesses subjects’

subjective feelings of anxiety (47). The scale includes 20 items

that cover 4 groups of manifestations: cognitive, autonomic, motor,

and central nervous system symptoms. Each item is rated on a

Likert-type scale of 1–4, and the final score was equal to the integer

part of the total score of 20 items multiplied by 1.25. Anxiety

standard scores ≥ 50 were considered to be at risk for clinical

anxiety (48).

Perceived Stress Scale
Perceived Stress Scale was developed in 1983 by American

psychologist Cohent and contains two dimensions: sense of loss

of control and tension. Each item is scored on a 5-point scale and

the total score ranges from 0 to 56, with higher scores indicating

greater perceived stress. The Cronbach’s coefficient of the scale is

0.84–0.86, indicating good reliability (49, 50).

Connor-Davidson resilience scale
Connor-Davidson resilience scale (CD-RISC-25) was developed

by American psychologists Connor and Davidson (51) and is one of

the most widely used tools for measuring psychological resilience.

The scale contains 5 factors: 1) notion of personal competence, high

standards, and tenacity; 2) trust in one’s instincts, tolerance of

negative affect, and strengthening effects of stress; 3) positive

acceptance of change, and secure relationships; 4) control, and 5)

spiritual influences. The scale is scored using a 5-point scale

response. The total score ranges from 0 to 100, with higher scores

reflecting better psychological resilience. The internal consistency

reliability of the scale was 0.89 and the test-retest reliability was

0.87, and it had good convergent and discriminant validity (51).
Statistical analysis

Data were organized using Excel 2016 and analyzed using SPSS

27.0. The presence or absence of sleep disturbances was used as the

grouping variable. Normally distributed continuous variables were

expressed as mean ± standard deviation and categorical data were
FIGURE 1

Analysis workflow, including the total number of participants for
each analysis step.
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expressed as frequency and proportion. Comparisons between good

and poor sleepers were performed using independent samples t tests

for continuous variables and c2 or Wilcoxon rank sum test for

categorical variables. Pearson correlation was used to measure the

correlation between psychological factors and sleep characteristics.

Multiple logistic regression analyses were used to assess the

influencing factors of the sleep quality of participants who

planned to undergo IVF/ICSI. We used a generalized linear

model to assess the relationship between sleep characteristics and

IVF/ICSI outcome. Sleep characteristics included subjective sleep

quality, trouble falling asleep, nighttime sleep duration, sleep

efficiency, sleep disturbance, and daytime dysfunction due to

sleepiness, all of which are categorical variables. For the number

of oocytes retrieved, the number of mature oocytes, and the number

of high-quality embryos, a negative binomial distribution and log

link function were specified. For oocyte retrieval rate and

fertilization rate, a linear function was specified. For clinical

pregnancy rate, a binary logistic regression was specified. To

effectively control for confounders, the final model included age

(continuous variables), BMI (continuous variables), duration of

infertility (continuous variables), infertility type (primary vs.

secondary), cause of infertility (female factors, male factors,

mixed factors or unexplained), previous pregnancy (no vs. yes),

and number of previous IVF/ICSI cycles (one vs. two or more). Our

results reported incidence rate ratio (IRR)/odds ratios (OR) and

95% CI. IRR/OR < 1 indicates a reduced chance of the target event

occurrence. The significance level was set at a two-tailed 5%. No

mathematical correction was made for multiple comparisons.
Results

Demographics and fertility characteristics

We include 1002 participants. Their average age was 32.66 ±

5.06 years old. The average BMI was 23.50 ± 3.66 kg/m2. Six-

hundred and thirty-three (62.9%) participants had a high school or

higher diploma. The average infertility duration was 3.08 ± 2.34

years. Three-hundred and twenty-two (32.1%) participants had

primary infertility. For details on demographic and fertility

characteristics, see Table 1.
Global sleep quality and sleep
characteristics before ovulation induction

Among the participants, 243 had poor sleep (PSQI > 5). BMI

and infertility type of good and poor sleepers differed significantly.

A higher BMI was associated with poorer sleep quality. The sleep

quality of participants with primary infertility was worse than that

of participants with secondary infertility. Age, household income,

cycle type, duration of infertility, cause of infertility, previous

pregnancy, and the number of previous cycles did not impact

sleep quality (Table 1).

As for specific sleep characteristics, 6.2% of the participants

reported poor or very bad subjective sleep quality, 9.5% reported a
Frontiers in Endocrinology 04
sleep latency of more than 30 minutes, 8.2% reported a sleep

duration of fewer than 7 hours, and 23.9% reported a sleep

efficiency lower than 85%. Most participants (99%) were not

using sleeping medication. Approximately half (52.6%) of the

participants reported daytime dysfunction (Table 2). Sixty-three

women reported night shift experience.

The PSQI total score of the infertile women was 7.53 ± 1.78,

which is significantly higher than the Chinese norm (52). Except for

sleep efficiency, all the components differed. Compared to the

Chinese norm, the overall sleep quality, sleep latency, sleep

duration, sleep disturbance, and daytime dysfunction in infertile

women were significantly higher, whereas the use of sleeping

medication was significantly lower (Table 3).
Correlation analysis between the scores of
psychological scales and sleep quality

The BDI, SAS, and PSS scores were significantly negatively

correlated with PSQI total score, subjective sleep quality, sleep

latency, sleep duration, habitual sleep efficiency, sleep

disturbances, and daytime dysfunction scores (P < 0.01), but were

not correlated with use of sleeping medication score (P > 0.05). CD-

RISC score was significantly negatively correlated with PSQI total

score, subjective sleep quality, sleep latency, habitual sleep

efficiency, sleep disturbances, and daytime dysfunction scores

(P < 0.01), but was not correlated with sleep duration, use

of sleeping medication, and daytime dysfunction scores

(P > 0.05, Table 4).
Influencing factors of sleep quality

We further studied the relationship between demographics and

fertility characteristics, psychological characteristics, and sleep

quality. A multiple logistic stepwise regression model was

constructed, with sleep quality as dependent variable, age, BMI,

education level, household income, cycle type, infertility duration,

infertility type, cause of infertility, previous pregnancy history,

number of previous treatment cycles, BDI, SAS, PSS, CD-RISC,

positive affect, and negative affect scores as independent variables.

We found that infertility type, BDI, SAS, PSS, and positive affect

scores predicted the sleep quality of infertile women (Table 5).
Associations between sleep characteristics
and IVF/ICSI outcomes

The relationship between sleep characteristics and intermediate

reproductive outcomes is shown in Table 6. Collinearity diagnostics

indicated no serious multicollinearity among variables (VIF < 5)

and the model is well constructed. After adjusting for potential

influencing factors including BMI, IVF/ICSI treatment cycle,

duration of infertility, cause of infertility, and type of infertility,

the number of oocytes retrieved (IRR= 0.85, 95% CI: 0.72–0.99; P =

0.038) and the number of mature oocytes (IRR = 0.82, 95% CI:
frontiersin.org
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0.69–0.97; P = 0.022) in women with poor subjective sleep quality

were significantly lower than in women with good subjective sleep

quality. The fertilization rate (IRR = 0.96, 95% CI: 0.92–1.00; P =

0.034) was significantly lower in women with sleep disturbance

compared with women without sleep disturbance. Compared with

women who slept 7 to 8 hours per night, the oocyte retrieval rate
Frontiers in Endocrinology 05
(IRR= 1.04, 95% CI: 1.00–1.09; P = 0.031) of women who slept less

than 7 hours per night was significantly higher.

The relationship between sleep characteristics and clinical

pregnancy is shown in Table 7. Collinearity diagnostics indicated

no serious multicollinearity among variables(VIF < 5) and the

model is well constructed. After adjusting for potential
TABLE 1 Demographic and fertility characteristics (N = 1002).

Variables Total, N = 1002
Good sleepers,
N = 759

Poor sleepers,
N = 243

p-value

Age (years)

< 35 669 (66.8) 499 (65.8) 170 (70) 0.235

≥ 35 332 (33.2) 259 (34.2) 73 (30)

BMIa (kg/m2) 23.51 ± 3.66 23.36 ± 3.52 23.97 ± 4.06 0.036

Education level

Junior high school or below 369 (36.9) 290 (38.3) 79 (32.5) 0.106

High school and above 632 (63.1) 468 (61.7) 164 (67.5)

Income (yuan, per month)

<1000 32 (3.2) 27 (3.6) 5 (2.1) 0.935

1000–2999 254 (25.4) 195 (25.7) 59 (24.3)

3000–4999 420 (42) 309 (40.8) 111 (45.7)

5000–9999 194 (19.4) 145 (19.1) 49 (20.2)

> 10000 101 (10.1) 82 (10.8) 19 (7.8)

Cycle type

Freezing cycle 87 (8.9) 61 (8.2) 26 (10.9) 0.204

Fresh cycle 896 (91.1) 683 (91.8) 213 (89.1)

Duration of infertility (years)

< 5 790 (79.3) 595 (78.9) 195 (80.6) 0.578

≥ 5 206 (20.7) 159 (21.1) 47 (19.4)

Infertility type

Primary infertility 320 (32.6) 220 (29.6) 100 (41.8) < 0.001

Secondary infertility 663 (67.4) 524 (70.4) 139 (58.2)

Cause of infertility

Male factor 190 (19) 140 (18.5) 50 (20.7) 0.648

Female factor 502 (50.2) 379 (50) 123 (50.8)

Mixed factors 187 (18.7) 148 (19.5) 39 (16.1)

Unexplained 121 (12.1) 91 (12) 30 (12.4)

Previous pregnancy

No 346 (34.5) 252 (33.2) 94 (38.7) 0.118

Yes 656 (65.5) 507 (66.8) 149 (61.3)

Number of cycles

One 881 (89.4) 664 (89) 217 (90.4) 0.539

Two or more 105 (10.6) 82 (11) 23 (9.6)
fro
aBMI: body mass index
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TABLE 2 Sleep characteristics (N = 1002).

Characteristics N %

Subjective sleep quality

Very good 348 34.7

Fairly good 592 59.1

Fairly bad 56 5.6

Very bad 6 0.6

Sleep latency

(1) Time to fall asleep

15 min 397 39.7

16–30 min 510 50.9

31–60 min 81 8.1

≥ 61 min 14 1.4

(2) Cannot fall asleep within 30 min

Never 676 67.5

< 1/week 201 20.1

1–2/week 82 8.2

≥ 3/week 42 4.2

Sleep duration

< 7 h 82 8.2

7 to < 8 h 282 28.2

8 to < 9 h 454 45.3

9 to < 10 h 124 12.4

≥ 10 h 60 6

Habitual sleep efficiency

85% 763 76.1

75–84.9% 180 18

65–74.9% 47 4.7

≤ 64.9% 12 1.2

Sleep disturbances

No 339 33.8

Yes 663 66.2

Use of sleeping medication

Never 992 99

< 1/week 7 0.7

1–2/week 2 0.2

≥ 3/week 1 0.1

Daytime dysfunction

No 475 47.4

Yes 527 52.6

(Continued)
F
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influencing factors including age, BMI, IVF/ICSI treatment cycle,

duration of infertility, cause of infertility, and type of infertility, the

clinical pregnancy rate (OR = 0.51, 95% CI: 0.29–0.88; P = 0.016) of

women with sleep efficiency < 85% was significantly reduced

compared to that of women with sleep efficiency ≥ 85%. In

addition, after excluding women with night shift experience, we

re-analyzed the relationship between sleep characteristics and IVF/

ICSI outcomes and found similar results (Supplementary

Tables 1, 2).
Discussion

Our study provides a comprehensive assessment of sleep

characteristics in the early stage of IVF/ICSI treatment, explores

the effects of negative and positive psychological factors on sleep

quality, and elucidates the relationship between sleep characteristics

and multiple IVF/ICSI treatment outcomes within a large sample.

Over one-quarter of the participants reported poor sleep. Logistic

regression analysis of sleep quality indicated that infertility type,

depression, anxiety, perceived stress, and positive affect influenced

sleep quality. Among them, depression, anxiety, and perceived

stress were risk factors, positive affect was a protective factor for

sleep quality, and psychological resilience could not predict sleep

quality. The generalized linear model analysis showed that poor

subjective sleep quality was negatively correlated with the number

of retrieved oocytes and mature oocytes.

We found that 243 (24.1%) participants had poor sleep quality

before IVF/ICSI treatment. Approximately 10% of the participants

reported sleep latency longer than 30 minutes, 8.2% reported sleep

duration less than 7 hours, and 23.9% reported less than 85% sleep
Frontiers in Endocrinology 07
efficiency. The incidence of poor sleep in this study was similar to

the results of Yang’s (53) and Reschini’s (52) studies. Sleep quality

may fluctuate with treatment cycles and measurement criteria.

Factors such as medication and reproductive hormone changes

during treatment may affect sleep quality (7, 29, 32, 33, 54),

resulting in a different incidence of poor sleep in different

treatment stages. Approximately 20%–60% of infertile women

report sleep disturbances at various stages of treatment based on

the criteria of poor sleep by PSQI > 5 (29, 30, 53, 55, 56). A study

based on PSQI ≥ 6 as criteria for poor sleep found that 23% and 46%

of infertile women had poor sleep during oocyte extraction and

embryo transfer, respectively (31). Females with poor sleep are

more likely to develop neuroendocrine disorders (57), resulting in

decreased ovarian function (58), irregular menstruation (59), and

reduced chances of conception (9). Moreover, preoperative sleep

deprivation may lead to increased pain sensitivity (60), which will

aggravate patients’ pain during IVF/ICSI treatment. Therefore,

medical staff should focus more on the patient’s sleep condition

and provide treatment for sleep problems.

In addition, compared to the Chinese norm, total PSQI score,

subjective sleep quality, sleep latency, sleep duration, sleep

disturbances, and daytime dysfunction of infertile women before

ART treatment were significantly higher, whereas the use of

sleeping medication was significantly lower. In addition to the

fluctuation of sex hormones, financial burden, mental stress

associated with ART, and concerns about pregnancy failure may

contribute to poor sleep (32, 33, 38, 53, 54). Infertile women before

IVF/ICSI treatment are less likely to use sleep medication than the

general population, possibly due to concerns about conflict with

fertility medication (30). Medical care staff could consider using

psychological therapies to improve the sleep quality of these
TABLE 2 Continued

Characteristics N %

Total score

≤ 5 (good sleep) 759 75.7

> 5 (poor sleep) 243 24.1
frontie
TABLE 3 Comparison of PSQI scores between infertile women (N = 1002) and Chinese norm.

Items
PSQIa score

Infertile women Normal subjects t-value p-value

Subjective sleep quality 0.72 ± 0.59 0.47 ± 0.53 13.42 < 0.001

Sleep latency 1.20 ± 1.23 0.70 ± 0.60 12.91 < 0.001

Sleep duration 0.38 ± 0.64 0.33 ± 0.55 2.62 0.009

Habitual sleep efficiency 0.31 ± 0.62 0.32 ± 0.63 –0.55 0.586

Sleep disturbances 0.69 ± 0.52 0.56 ± 0.52 7.80 < 0.001

Use of sleeping medication 0.01 ± 0.15 0.03 ± 0.20 –0.329 0.001

Daytime dysfunction 0.73 ± 0.82 0.12 ± 0.37 23.3 < 0.001

Total 4.04 ± 2.79 2.52 ± 1.60 17.26 < 0.001
aPSQI: Pittsburgh Sleep Quality Index
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patients, such as cognitive behavioral therapy, physical and mental

relaxation therapy, music therapy, etc. (61–63).

In this study, 23.2% of infertile women suffered from

depression, 4.1% from anxiety, and 25.3% from health risk stress.

In our study, the prevalence of depression and anxiety was lower

than that of Huang et al. (30). This may be due to the different stages

of data collection (before ovulation induction treatment vs.

receiving hormonal stimulation phase). Both the diagnosis and

treatment of infertility are important stressors (64–66). This process

may cause feelings of stress, anxiety, depression, hopelessness, guilt,
Frontiers in Endocrinology 08
etc. (65, 67–70). Lund believes that emotions affect sleep (34).

Multivariate logistic regression analysis showed that infertility

type, depression, anxiety, perceived stress, and positive affect

significantly impacted sleep quality. Women with secondary

infertility have a lower risk of sleep disturbances than those with

primary infertility. Previous studies showed that women with

primary infertility were significantly more stressed (71) and

depressed (72) than women with secondary infertility, whereas

their subjective well-being was similar (73). The possible reason is

that women with primary infertility have never been pregnant and
TABLE 4 Correlation between scores of different psychological scales and sleep quality in infertile women (N = 1002).

items
Subjective
sleep quality

Sleep
latency

Sleep
duration

Habitual
sleep effi-
ciency

Sleep dis-
turbances

Use of sleep-
ing medication

Daytime
dysfunction

Total

BDIa score 0.278** 0.244** 0.132** 0.131** 0.275** 0.014 0.340** 0.378**

SASb score 0.291** 0.286** 0.160** 0.165** 0.297** 0.023 0.370** 0.427**

PSSc score 0.183** 0.124** 0.088** 0.102** 0.154** –0.014 0.190** 0.220**

CD-RISCd

score
–0.121** –0.075* –0.03 –0.111** –0.078* 0.049 –0.06

–

0.119**

F1e –0.130** –0.068* –0.032 –0.094** –0.085** 0.049 –0.081*
–

0.123**

F2f –0.105** –0.071* –0.031 –0.099** –0.056 0.051 –0.048
–

0.104**

F3g –0.095** –0.071* –0.035 –0.122** –0.069* 0.025 –0.033
–

0.107**

F4h –0.089** –0.068* –0.025 –0.068* –0.084** 0.026 –0.068*
–

0.104**

F5i –0.0758* –0.043 0.015 –0.099** –0.019 0.061 –0.01 –0.056

PANASj

(Positive
Affect)

0.046 0.054 –0.007 –0.028 0.063* 0.000 0.039 0.049

PANASj

(Negative
Affect)

0.056 0.055 0.000 –0.035 0.053 0.01 0.044 0.052
fronti
aBDI: Beck Depression Inventory.
bSAS: Self-rating anxiety scale.
cPSS: Perceived Stress Scales.
dCD-RISC: Connor-Davidson resilience scale.
eF1: Factor 1 reflects the notion of personal competence, high standards, and tenacity.
fF2: Factor 2 corresponds to trust in one’s instincts, tolerance of negative affect, and strengthening effects of stress.
gF3: Factor 3 relates to the positive acceptance of change and secure relationships.
hF4: Factor 4 relates to control.
iF5: Factor 5 to spiritual influences.
jPANAS: Positive and Negative Affect Scale.
*represents P<0.05;** represents P<0.01.
TABLE 5 Multiple logistic regression analyses of influencing factors of sleep quality (N = 1002).

Variables B SE OR (95% CI) p-value

Infertility type –0.418 0.17 0.66 (0.47, 0.92) 0.014

BDI score 0.097 0.026 1.10 (1.05, 1.16) < 0.001

SAS score 0.133 0.018 1.42 (1.10, 1.18) < 0.001

PSS score 0.023 0.011 1.02 (1.00, 1.05) 0.04

Positive Affect score –0.036 0.018 0.97 (0.93, 1.00) 0.046
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are more psychologically stressed. In summary, depression, anxiety,

and perceived stress in infertile women were associated with poor

sleep quality. This is consistent with previous studies (30, 42, 74).

Individuals with high positive affect tended to report better sleep

quality, similar to the findings of Fortunato et al. (75). It should be

noted that the perceived stress and positive affect yielded p-values

close to 0.05. More caution is needed when interpreting the results.

In addition, a comparison between participants with poor and good

sleep quality showed that a higher BMI was related to worse sleep

quality, this is consistent with the results from a large-scale

prospective study conducted in 2366 pre-pregnant women (76).

Our study found that sleep characteristics were associated with

IVF/ICSI clinical outcomes. Subjective sleep quality negatively

correlated with the number of retrieved and mature oocytes. Sleep

disturbance negatively correlated with fertilization rate. Consistent

with our results, Huang et al. reported that women with poor sleep

quality had decreased oocyte quality and fertilization rate (30).
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Llaneza et al. found that sleep disorders were associated with

decreased oocyte retrieval and poor ovarian response in a study

of 200 Spanish women (58). Our study also found that women with

sleep efficiency < 85% had a reduced clinical pregnancy rate

compared with women with sleep efficiency ≥ 85%, supporting

previous studies. Previous studies reported that long or short

nocturnal sleep was associated with a reduced clinical pregnancy

rate (32, 52, 77, 78). Liu et al. found that good sleep quality

positively correlated with clinical pregnancy and live birth rates

(78). In addition, our study found an association between sleep

duration and the rate of retrieved oocytes but not for other

outcomes. Previous studies in the general population have found

that short sleep duration is associated with abnormal menstruation,

abnormal reproductive hormone level, and decreased fertility (59,

79, 80). However, there have been limited and conflicting studies on

the relationship between sleep duration and IVF/ICSI treatment

outcomes among women undergoing infertility treatment. One
TABLE 6 Associations between sleep characteristics and IVF/ICSI intermediate reproductive outcomes (N = 893)a.

Characteristics
Number of oocytes
retrieved

Oocyte
retrieval rate

Number of mature
oocytes

Fertilization
rate

Number of good-
quality embryos

Subjective sleep quality

Very good & fairly
good

Ref Ref Ref Ref Ref

Very bad & fairly
bad

0.85 (0.72, 0.99) 0.97 (0.91, 1.03) 0.82 (0.69, 0.97) 1.03 (0.95, 1.12) 0.85 (0.67, 1.07)

Trouble falling asleep (times/week)

Never Ref Ref Ref Ref Ref

< 1/week 0.97 (0.88, 1.07) 0.98 (0.96, 1.01) 0.97 (0.88, 1.08) 1.01 (0.96, 1.05) 0.94 (0.81, 1.10)

1–2/week 0.93 (0.79, 1.10) 0.96 (0.92, 1.02) 0.92 (0.78, 1.09) 0.97 (0.91, 1.04) 0.86 (0.68, 1.08)

≥ 3/week 1.06 (0.87, 1.29) 0.99 (0.93, 1.06) 1.08 (0.87, 1.34) 1.04 (0.95, 1.15) 1.15 (0.89, 1.49)

Sleep duration

< 7 h 1.11 (0.96,1.29) 1.04 (1.00, 1.09) 1.11 (0.95, 1.30) 0.97 (0.90, 1.04) 1.11 (0.90, 1.38)

7 to < 8 h Ref Ref Ref Ref Ref

8 to < 9 h 0.94 (0.86, 1.03) 1.01 (0.98, 1.04) 0.94 (0.86, 1.04) 0.99 (0.95, 1.03) 0.96 (0.84, 1.09)

9 to < 10 h 0.95 (0.84, 1.07) 1.03 (1.00, 1.06) 0.94 (0.83, 1.07) 1.02 (0.97, 1.08) 0.92 (0.77, 1.09)

≥ 10 h 0.90 (0.75, 1.07) 1.02 (0.98, 1.07) 0.91 (0.75, 1.10) 0.98 (0.91, 1.06) 0.96 (0.74, 1.24)

Habitual sleep efficiency

≥ 85% Ref Ref Ref Ref Ref

< 85% 0.94 (0.86, 1.04) 0.99 (0.96, 1.02) 0.95 (0.86, 1.05) 1.00 (0.96, 1.05) 0.90 (0.79, 1.02)

Sleep disturbance

No Ref Ref Ref Ref Ref

Yes 1.06 (0.97, 1.15) 1.01 (0.99, 1.03) 1.04 (0.95, 1.14) 0.96 (0.92, 1.00) 1.01 (0.90, 1.14)

Daytime dysfunction

No Ref Ref Ref Ref Ref

Yes 0.96 (0.89, 1.05) 1.01 (0.99, 1.03) 0.97 (0.89, 1.06) 1.02 (0.99, 1.06) 1.02 (0.91, 1.14)
aModels were adjusted for age, BMI, duration of infertility, infertility type, cause of infertility, previous pregnancy, and number of previous IVF/ICSI cycles. Ref, reference.
The bold values were confidential intervals of variables with p values < 0.05.
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study found that short sleep duration (< 7 h) was associated with

decreased oocyte quantity and quality, and long sleep duration (9–

10 h) was associated with a decreased chance of pregnancy (81). A

study of 656 women undergoing IVF found that moderate sleep

duration (7–8 h) was associated with a higher pregnancy rate than

long sleep duration (9–11 h) and short sleep duration (4–6 h).

However, no correlation was found between sleep duration and the

number of retrieved oocytes or the fertilization rate (77). Our study

found that short sleep duration (< 7 h) had a higher rate of retrieved

oocytes than moderate sleep duration (7–8 h). The inconsistencies

between studies may be related to study design (retrospective vs.

prospective study) and the sleep assessment time points (before

ovulation induction treatment vs. on the day of oocyte retrieval),

and differences in study populations (78, 81). Therefore, multiple

assessments and longitudinal design studies must confirm the

association between sleep duration before treatment and

reproductive outcomes.
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Several limitations should be considered. First, the measurement of

sleep quality was based on subjective scales and lacked objective data

support. Second, all the participants were recruited from Shandong

Province, China. Thus, our results may not apply to all infertile women

in China. Third, we did not track the dynamic changes in sleep quality

of infertile women at different stages of ART treatment. Fourth,

although we adjusted for several confounding factors in the

statistical analysis, other covariates may have confounded the results,

such as treatment plans and lifestyle. Last, we did not correct for

multiple comparisons. The influence of perceived stress and positive

affect on sleep quality may need further replication. Therefore, future

studies may benefit from including objective measures such as

actigraphy or polysomnography and expanding the sample range.
Conclusion

In this study, we found that the sleep quality of infertile women

before ovulation induction was poorer than that of normal adults.

Primary infertility, depression, anxiety, and stress are risk factors,

while positive affect is a protective factor for poor sleep quality. Our

findings have significant implications for public health and reveal

that assessing sleep conditions and improving sleep quality before

ART treatment may benefit treatment outcomes.
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TABLE 7 Associations between sleep characteristics and IVF/ICSI clinical
pregnancy (N = 404)a.

Characteristics Clinical pregnancy

Subjective sleep quality

Very good & fairly good Ref

Very bad & fairly bad 1.44 (0.54, 3.88)

Trouble falling asleep (times/week)

Never Ref

< 1/week 1.41 (0.79, 2.51)

1–2/week 1.20 (0.53, 2.70)

≥ 3/week 0.72 (0.20, 2.58)

Sleep duration

< 7 h 1.74 (0.64, 4.75)

7 to < 8 h Ref

8 to < 9 h 0.68 (0.40, 1.15)

9 to < 10 h 0.69 (0.33, 1.43)

≥ 10 h 0.69 (0.26, 1.81)

Habitual sleep efficiency

≥ 85% Ref

< 85% 0.51 (0.29, 0.88)

Sleep disturbances

No Ref

Yes 0.68 (0.41, 1.11)

Daytime dysfunction

No Ref

Yes 0.94 (0.59, 1.48)
aModels were adjusted for age, BMI, duration of infertility, infertility type, cause of infertility,
previous pregnancy, and the number of previous IVF/ICSI cycles. Ref, reference.
The bold values were confidential intervals of variables with p values < 0.05.
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21. Faraut B, Bayon V, Léger D. Neuroendocrine, immune and oxidative stress in
shift workers. Sleep Med Rev (2013) 17(6):433–44. doi: 10.1016/j.smrv.2012.12.006

22. Zuelke K, Jones D, Perreault S. Glutathione oxidation is associated with altered
microtubule function and disrupted fertilization in mature hamster oocytes. Biol
reproduction (1997) 57(6):1413–9. doi: 10.1095/biolreprod57.6.1413

23. An Y, Wang Z, Ji H, Zhang Y, Wu K. Pituitary-adrenal and sympathetic nervous
system responses to psychiatric disorders in women undergoing in vitro fertilization
treatment. Fertil steril (2011) 96(2):404–8. doi: 10.1016/j.fertnstert.2011.05.092

24. An Y, Sun Z, Li L, Zhang Y, Ji H. Relationship between psychological stress and
reproductive outcome in women undergoing in vitro fertilization treatment:
psychological and neurohormonal assessment. J Assisted Reprod Genet (2013) 30
(1):35–41. doi: 10.1007/s10815-012-9904-x

25. Smeenk JM, Verhaak CM, Vingerhoets AJ, Sweep CG, Merkus JM,Willemsen SJ,
et al. Stress and outcome success in IVF: the role of self-reports and endocrine variables.
Hum Reproduction (2005) 20(4):991–6. doi: 10.1093/humrep/deh739

26. Jana SK, NB K, Chattopadhyay R, Chakravarty B, Chaudhury K. Upper control
limit of reactive oxygen species in follicular fluid beyond which viable embryo
formation is not favorable. Reprod Toxicol (2010) 29(4):447–51. doi: 10.1016/
j.reprotox.2010.04.002

27. Das S, Chattopadhyay R, Ghosh S, Ghosh S, Goswami SK, Chakravarty BN, et al.
Reactive oxygen species level in follicular fluid–embryo quality marker in IVF? Hum
Reprod (2006) 21(9):2403–7. doi: 10.1093/humrep/del156

28. Pavone ME, Hirshfeld-Cytron J, Lawson A, Smith K, Klock SC. Sleep
distubances high in patients seeking fertility preservation. Fertil Steril (2013) 100(3).
doi: 10.1016/j.fertnstert.2013.07.1463

29. Goldstein CA, Lanham MS, Smith YR, O'Brien LM. Sleep in women undergoing
in vitro fertilization: a pilot study. Sleep Med (2017) 32:105–13. doi: 10.1016/
j.sleep.2016.12.007

30. Huang LH, Kuo CP, Lu YC, Lee MS, Lee SH. Association of emotional distress
and quality of sleep among women receiving in-vitro fertilization treatment. Taiwanese
J Obstetrics Gynecol (2019) 58(1):168–72. doi: 10.1016/j.tjog.2018.11.031
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2023.1178396/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1178396/full#supplementary-material
https://doi.org/10.1007/s12264-020-00524-4
https://doi.org/10.1212/WNL.0000000000008581
https://doi.org/10.1016/j.jacc.2018.10.060
https://doi.org/10.1093/sleep/zsy159
https://doi.org/10.1001/jama.2013.193
https://doi.org/10.1093/sleep/zsx186
https://doi.org/10.1016/j.sleep.2006.09.011
https://doi.org/10.1097/MED.0000000000000511
https://doi.org/10.1016/j.smrv.2014.10.005
https://doi.org/10.3390/ijms22010324
https://doi.org/10.1093/humrep/dex234
https://doi.org/10.1016/j.clinbiochem.2018.03.012
https://doi.org/10.1080/03009734.2020.1726534
https://doi.org/10.1080/03009734.2020.1726534
https://doi.org/10.1093/hropen/hoz038
https://doi.org/10.1093/hropen/hoaa032
https://doi.org/10.1007/s10815-011-9604-y
https://doi.org/10.1016/j.jsmc.2014.11.007
https://doi.org/10.1016/j.jsmc.2014.11.007
https://doi.org/10.1016/j.smrv.2007.07.007
https://doi.org/10.1093/sleep/34.2.225
https://doi.org/10.1093/sleep/34.2.225
https://doi.org/10.1371/journal.pone.0028230
https://doi.org/10.1016/j.smrv.2012.12.006
https://doi.org/10.1095/biolreprod57.6.1413
https://doi.org/10.1016/j.fertnstert.2011.05.092
https://doi.org/10.1007/s10815-012-9904-x
https://doi.org/10.1093/humrep/deh739
https://doi.org/10.1016/j.reprotox.2010.04.002
https://doi.org/10.1016/j.reprotox.2010.04.002
https://doi.org/10.1093/humrep/del156
https://doi.org/10.1016/j.fertnstert.2013.07.1463
https://doi.org/10.1016/j.sleep.2016.12.007
https://doi.org/10.1016/j.sleep.2016.12.007
https://doi.org/10.1016/j.tjog.2018.11.031
https://doi.org/10.3389/fendo.2023.1178396
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Li et al. 10.3389/fendo.2023.1178396
31. Lin YH, Chueh KH, Lin JL. Somatic symptoms, sleep disturbance and psychological
distress among women undergoing oocyte pick-up and in vitro fertilisation-embryo
transfer. J Clin Nurs (2016) 25(11-12):1748–56. doi: 10.1111/jocn.13194

32. Philipsen MT, Knudsen UB, Zachariae R, Ingerslev HJ, Hvidt JEM, Frederiksen
Y. Sleep, psychological distress, and clinical pregnancy outcome in women and their
partners undergoing in vitro or intracytoplasmic sperm injection fertility treatment.
Sleep Breathing (2022) 8(2):242–8. doi: 10.1016/j.sleh.2021.10.011

33. Eugster A, Vingerhoets AJJM. Psychological aspects of in vitro fertilization: a
review. Soc Sci Med (1999) 48(5):575–89. doi: 10.1016/S0277-9536(98)00386-4

34. Lund HG, Reider BD, Whiting AB, Prichard JR. Sleep patterns and predictors of
disturbed sleep in a large population of college students. J Adolesc Health (2010) 46
(2):124–32. doi: 10.1016/j.jadohealth.2009.06.016

35. Wischmann T, Scherg H, Strowitzki T, Verres R. Psychosocial characteristics of
women and men attending infertility counselling. Hum Reproduction (2009) 24
(2):378–85. doi: 10.1093/humrep/den401

36. Ramezanzadeh F, Aghssa MM, Abedinia N, Zayeri F, Khanafshar N, Shariat M,
et al. A survey of relationship between anxiety, depression and duration of infertility.
BMC Womens Health (2004) 4(1):9. doi: 10.1186/1472-6874-4-9

37. Hsu Y-L, Kuo B-J. Evaluations of emotional reactions and coping behaviors as
well as correlated factors for Infertile couples receiving assisted reproductive
t e c hno l o g i e s . J Nu r s R e s ( 2 0 0 2 ) 1 0 ( 4 ) : 2 9 1– 3 0 2 . d o i : 1 0 . 1 0 9 7 /
01.JNR.0000347610.14166.52

38. Repokari L, Punamaki RL, Poikkeus P, Vilska S, Unkila-Kallio L, Sinkkonen J,
et al. The impact of successful assisted reproduction treatment on female and male
mental health during transition to parenthood: a prospective controlled study. Hum
Reproduction (2005) 20(11):3238–47. doi: 10.1093/humrep/dei214

39. Verhaak CM, Smeenk JM, Evers AW, Kremer JA, Kraaimaat FW, Braat DD.
Women's emotional adjustment to IVF: a systematic review of 25 years of research.
Hum Reprod Update (2007) 13(1):27–36. doi: 10.1093/humupd/dml040

40. Tsai MS, Huang CM, Kuo WM, Wu HM, Lee MY. Physical activity, sleep
quality, and unplanned cesarean section in pregnant women. J Nurs Healthcare Res
(2010) 6:13–23. doi: 10.6225/JNHR.6.1.13

41. Liu YF, Fu Z, Chen SW, He XP, Fan LY. The analysis of anxiety and depression
in different stages of in vitro fertilization-embryo transfer in couples in China.
Neuropsychiatr Dis Treat (2021) 17:649–57. doi: 10.2147/NDT.S287198

42. Kirca N, Ongen M. Perceived stress and sleep quality before oocyte pick-up,
embryo transfer, and pregnancy test in women receiving in vitro fertilization treatment.
Sleep Breathing (2021) 25(4):1977–85. doi: 10.1007/s11325-021-02328-w

43. Evers JL. Female subfertility. Lancet (2002) 360(9327):151–9. doi: 10.1016/
S0140-6736(02)09417-5

44. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep
quality index: A new instrument for psychiatric practice and research. Psychiatry Res
(1989) 28(2):193–213. doi: 10.1016/0165-1781(89)90047-4

45. Mollayeva T, Thurairajah P, Burton K, Mollayeva S, Shapiro CM, Colantonio A.
The Pittsburgh sleep quality index as a screening tool for sleep dysfunction in clinical
and non-clinical samples: A systematic review and meta-analysis. Sleep Med Rev (2016)
25:52–73. doi: 10.1016/j.smrv.2015.01.009

46. Beck AT, Beamesderfer A. Assessment of depression: the depression inventory.
Mod Probl Pharmacopsychiatry (1974) 7(0):151–69. doi: 10.1159/000395074

47. Zung WW. A rating instrument for anxiety disorders. Psychosomatics (1971) 12
(6):371–9. doi: 10.1016/S0033-3182(71)71479-0

48. Zung WW, Magruder-Habib K, Velez R, Alling W. The comorbidity of anxiety
and depression in general medical patients: A longitudinal study. J Clin Psychiatry
(1990) 51:77–80.

49. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J
Health Soc Behavior (1983) 24:385–96. doi: 10.2307/2136404

50. Cohen S, Williamson GM. Stress and infectious disease in humans. psychol
Bulletin (1991) 109(1):5–24. doi: 10.1037/0033-2909.109.1.5

51. Connor KM, Davidson JR. Development of a new resilience scale: the Connor-
Davidson Resilience Scale (CD-RISC). Depression Anxiety (2003) 18(2):76–82. doi:
10.1002/da.10113

52. Reschini M, Buoli M, Facchin F, Limena A, Dallagiovanna C, Bollati V, et al.
Women's quality of sleep and in vitro fertilization success. Sci Rep (2022) 12(1):17477.
doi: 10.1038/s41598-022-22534-0

53. Yang M, Niu F, Meng Q, Zhang Y, Jiang Y, Li H. Sleep quality is associated with
the weight of newborns after in vitro fertilization (IVF)/intra-cytoplasmic sperm
injection (ICSI). Sleep Breathing (2022) 26(4):2059–68. doi: 10.1007/s11325-021-
02498-7

54. Jansson-Frojmark M, Lindblom K. A bidirectional relationship between anxiety
and depression, and insomnia? A prospective study in the general population. J
Psychosomatic Res (2008) 64(4):443–9. doi: 10.1016/j.jpsychores.2007.10.016

55. Pal L, Bevilacqua K, Zeitlian G, Shu J, Santoro N. Implications of diminished
ovarian reserve (DOR) extend well beyond reproductive concerns. Menopause (2008)
15(6):1086–94. doi: 10.1097/gme.0b013e3181728467

56. Lin JL, Lin YH, Chueh KH. Somatic symptoms, psychological distress and sleep
disturbance among infertile women with intrauterine insemination treatment. J Clin
Nurs (2014) 23(11-12):1677–84. doi: 10.1111/jocn.12306
Frontiers in Endocrinology 12
57. Gamble KL, Resuehr D, Johnson CH. Shift work and circadian dysregulation of
reproduction. Front Endocrinol (2013) 4:92. doi: 10.3389/fendo.2013.00092

58. Llaneza P, Llaneza D, Fernandez-Ferrera C. High frequency of sleep disorders
and oocyte retr ieval . Ferti l Steri l (2017) 108(3) :e352. doi : 10.1016/
j.fertnstert.2017.07.1030

59. Lim AJ, Huang Z, Chua SE, Kramer MS, Yong EL. Sleep duration, exercise, shift
Work and polycystic ovarian syndrome-related outcomes in a healthy population: a
cross-sectional study. PloS One (2016) 11(11):e0167048. doi: 10.1371/
journal.pone.0167048

60. Guo M, Wu Y, Zheng D, Chen L, Xiong B, Wu J, et al. Preoperative acute sleep
deprivation causes postoperative pain hypersensitivity and abnormal cerebral function.
Neurosci Bulletin (2022) 38(12):1491–507. doi: 10.1007/s12264-022-00955-1

61. Jespersen KV, Koenig J, Jennum P, Vuust P. Music for insomnia in adults.
Cochrane Database Syst Rev (2015) 2015(8):CD010459. doi: 10.1002/
14651858.CD010459.pub2

62. Qaseem A, Kansagara D, Forciea MA, Cooke M, Denberg TD. Clinical
Guidelines Committee of the American College of P. Management of chronic
insomnia disorder in adults: a clinical practice guideline from the american college
of physicians. Ann Intern Med (2016) 165(2):125–33. doi: 10.7326/M15-2175

63. Riemann D, Baglioni C, Bassetti C, Bjorvatn B, Dolenc Groselj L, Ellis JG, et al.
European guideline for the diagnosis and treatment of insomnia. J Sleep Res (2017) 26
(6):675–700. doi: 10.1111/jsr.12594
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