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Our study aimed to investigate the relationship between sleep-wake changes and depressive
symptoms events among midlife women. We enrolled 1579 women aged 44-56 years who had no
clinically relevant depressive symptoms at baseline. Depressive symptoms were assessed at each
visit using the Center for Epidemiologic Studies Depression scale. At the third and fourth follow-up
visits, women reported their sleep habits. The sleep midpoint was defined as the time to fall asleep
plus one-half of the sleep duration. Sleep—wake changes were determined by the difference in the
midpoint of sleep between the third and fourth visits, which were 1 year apart. The median follow-up
time was 7 years (range 1-7 years). Cox proportional hazard models were fitted to calculate hazard
ratios and 95% confidence intervals for the incidence of depressive symptoms associated with sleep-
wake changes. After adjusting for potential confounding factors, the hazard ratio (95% confidence
interval) of depressive symptoms for severe sleep midpoint changes was 1.51 (1.12, 2.05) compared
with mild sleep midpoint changes. This relationship remained statistically significant and changed
little when additionally controlling for sleep duration, sleep quality, insomnia symptoms, use of sleep
medications, use of nervous medications, glucose, insulin, lipids, dietary energy intake, and C-reactive
protein. Our findings indicate that exposure to long-term severe sleep—wake changes increases the
risk of depressive symptoms in midlife women.

Keywords Depressive symptoms, Depression, Sleep, Circadian rhythms, Women, Midlife, Prospective
cohort

Sleep-wake changes has been implicated in the progression of metabolic diseases'?, cardiovascular diseases®*,
neurodegeneration®®, and psychiatric disorders”™. Therefore, for individuals, maintaining a certain level of
sleep—wake rhythm homeostasis is essential for wellness, especially for mental health.

Epidemiological studies have suggested a potential relationship between sleep-wake changes and depression.
According to a study by Kuula et al., there is a strong association between deviations in circadian rhythms and
psychiatric problems, such as depression'®. Participants with irregular and permanent night shifts are associ-
ated with increased risk of incident depression''. Dashti et al. reported that later sleep midpoint was associated
with a higher risk of major depressive disorder after adjustment for age, gender, race/ethnicity, employment
status, body mass index (BMI), smoking status, and education attainment in Mass General Brigham Biobank
cohort study'? Delving deeper through a Mendelian randomization meta-analysis, genetically proxied earlier
diurnal preference is associated with a lower risk of depression'®. However, these results are mainly based on a
single assessment of sleep schedules, so the impact of long-term changes in sleep-wake rhythms on the onset of
depression cannot be explored in depth.

The menopausal transition is associated with increased risk of sleep disturbances!*. The relative amplitude and
stability of circadian rhythms are lower in perimenopausal women than in premenopausal women'®. Addition-
ally, women at this stage are more likely to develop depressive symptoms'S. These phenomena mentioned above
may be related to the fluctuation of ovarian hormones during the menopausal transition. However, studies on
sleep—wake rhythms and depression have rarely focused on menopausal status and hormone levels. Therefore, we
aim to explore the potential relationship between sleep-wake changes and the incidence of depression in women
during the menopausal transition. Due to the complexity and time-consuming nature of directly monitoring the
entire dynamic changes of the sleep—wake changes, researchers typically rely on a series of proxy measures to
assess this cycle. Among these, the sleep midpoint is particularly selected as a key indicator for research. On one
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hand, the sleep midpoint is closely related to an individual’s circadian rhythm, reflecting the shift of the biologi-
cal clock. By analyzing changes in the sleep midpoint, we can gain insights into the stability of an individual’s
biological clock and its synchronization with the environmental light-dark cycle. On the other hand, compared
to the times of falling asleep and waking up, the sleep midpoint is less susceptible to random factors, demon-
strating better stability and repeatability, making the monitoring of this indicator crucial for understanding the
impact of the sleep—wake changes on health. Thus, we hypothesize that sleep-wake changes (the change in the
midpoint of sleep over 2 years) is related to the depression risk in women during the menopausal transition,
while the association may be affected by the menstrual state and sex hormones.

Methods

Study population

Data were collected as part of the SWAN, a multi-site, multi-racial/ethnic, longitudinal community-based study
of the US midlife women. Enrollment began in January 1996, and a total of 3302 eligible premenopausal women
(aged 42 to 52 years) completed their initial visit at 7 clinical sites (Boston, MA; Chicago, IL; Detroit, MI; Los
Angeles, CA; Newark, NJ; Oakland, CA; and Pittsburgh, PA) in December 1997. Eligibility criteria were men-
struating, had a uterus and at least one intact ovary, and not using hormone medications in the past 3 months.
The SWAN cohort was followed almost annually during the menopausal transition. The project was approved
by the institutional review boards at all sites, and informed consent was provided by all participants at each
visit. This study was conducted in accordance with the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines. More details on study design have been published previously'.

To assess changes in sleep-wake rhythm, women who participated in the sleep habits survey at two consecu-
tive visits were included. Therefore, the present analysis includes eligible women who completed in the sleep sur-
vey at both the third (treated as the baseline for the current analysis, 1999-2001, n=2709) and forth (2000-2002)
visits. We excluded 366 women who did not have sufficient data to calculate changes in the midpoint of sleep
and 460 women with prevalence depressive symptoms [Center for Epidemiologic Studies Depression (CES-D)
Scale>16] at baseline. We further excluded 304 women who underwent bilateral salpingo-oophorectomy, hys-
terectomy, or hormone-replacement therapy at baseline, leaving 1579 women entered the risk set and followed
from the third visit (1999-2001) through the tenth visit (2006-2008).

Sleep

At the third and fourth follow-up visits, women were requested to provide an accurate description of their sleep
habits [bed time, get up time, hours of sleep per night and sleep quality (very good, good, bad, and very bad)]
on most nights during the past month through a structured questionnaire. The sleep midpoint was defined as
the time to fall asleep plus one-half of the sleep duration. The difference in the midpoint of sleep between the
third and fourth visits, spaced 1 year apart, was calculated and then categorized into three groups: mild-change
(<1h), moderate-change (1 to 2 h), and severe-change (>2 h).

At baseline of our study, women reported the frequency of sleep problems over the previous 2 weeks (trouble
falling asleep, waking up several times per night, and waking up earlier than planned and unable to fall asleep
again). Each of these responses was dichotomized as “no/infrequent” (<2 times per week) or “frequent” (>3
times per week). Insomnia symptoms were defined as any of the three symptoms being reported as “frequent”

Depressive symptoms

Depressive symptoms were assessed using a 20-item CES-D scale at each follow-up visit. The response categories
for each item “rarely or none of the time”, “some or a little of the time”, “occasionally or a moderate amount of the
time”, and “most or all of the time” were given a score ranging from 0 to 3. As a severity measure, CES-D total
score was calculated as the sum of the points in each item ranging from 0 to 60. A meta-analysis showed that
CES-D score > 16 had sensitivity of 87% and specificity of 70% for standardized diagnoses of major depression
in adults'®. Therefore, in the present study, CES-D score of 16 or higher was used to identify individuals who
may be experiencing significant depressive symptoms.

Other variables

Race/ethnicity (Hispanic, Caucasian/White Non-Hispanic, Black/African American, Chinese/Chinese American,
Japanese/Japanese American), education attainment (high school or less, some college/technical school, and
college or more), physical activity (assessed by modified Kaiser Physical Activity Survey score in housework/
caregiving, active living habits, sports, and occupation), health status (excellent, very good, good, fair, and poor),
and dietary intake (assessed by food frequency questionnaire) were self-reported during the subject screening
and enrollment phase (1995-1997).

At the third follow-up visit, age (years), smoking status (never/former, current smoker), alcohol consumption
(alcohol drinker was defined as who had any alcohol in the last 24 h), total family income (< 50,000%, > 50,000$),
body mass index (BMI, kg/m?), hypertension (the average of three blood pressure readings >140/90 mmHg or
currently taking blood pressure lowering medication), diabetes (self-reported clinical diagnosed of diabetes),
sleep medications (not take during the past month, <1 times per week, 1 to 2 times per week, >3 times per
week), nervous medications, quality of life (score from 0 to 10 score, 0 represents the worst quality and 10 rep-
resents the best quality), menopausal status (pre-menopause, early perimenopause, late perimenopause, and
natural post menopause), vasomotor symptoms (the frequency of hot flashes or night sweats during the past 2
weeks), estradiol (pg/mL), dehydroepiandrosterone sulfate (ug/dL), follicle-stimulating hormone (mIU/mL), sex
hormone-binding globulin (nM), testosterone (ng/dL), total cholesterol (mg/dL), triglycerides (mg/dL), glucose
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(mg/mL), insulin (uIU/mL), and C-reactive protein (mg/L) were obtained from standardized interviews and
measurements. The evaluation and detection methods of the above variables have been described elsewhere!*-%4,

Statistical analysis

Categorical variables were described by frequency distributions (counts and percentages). After normality test-
ing, all continuous variables were skewed and presented as medians and interquartile ranges (IQR). General
characteristics and hematological parameters were summarized and compared using the Chi-square test and the
Wilcoxon rank-sum test by the incidence of depressive symptoms. Cox proportional hazard models were fitted
to calculate hazard ratios (HRs) and 95% confidence intervals (CIs) for the incidence of depressive symptoms
associated with three categories of changes in sleep midpoint (mild-change was used as the reference group).
Survival time was defined from the third follow-up visit until the visit of the first depressive symptoms identified
or the last follow-up visit. The first model adjusted for age and race/ethnicity. The second model additionally
adjusted for education, total family income, smoking status, physical activity score, alcohol consumption, BMI,
hypertension, diabetes, health status, and quality of life. The full model additionally adjusted for menopausal
status, estradiol, follicle-stimulating hormone, sex hormone-binding globulin, testosterone, and follow-up time.
Tests for linear trends were conducted using changes in sleep midpoint as continuous variable in Cox pro-
portional hazard models. Proportional hazards assumptions were verified by assessing Kaplan-Meier survival
curves. We performed sensitivity analyses using CES-D score 220 to identify depressive symptoms. Additionally,
we evaluated the impact of additional adjustment for sleep duration and sleep quality. We tested interactions
between potential confounding factors and sleep midpoint changes, and further performed subgroup analyses
if interactions were statistically significant. We conducted a lag analysis and excluding the follow-up data from
the first 4 years. Analyses were executed using Stata version 15.1 (Stata Corporation, College Station, TX, USA).
All presented p-values are two-sided, and a P-value <0.05 was considered statistically significant.

Results

Study sample characteristics

At baseline (the third follow-up visit), the median age was 49 years (IQR 47-51). The proportions of each racial/
ethnic women were Caucasian/White Non-Hispanic (48.4%), Black/African American (24.2%), Japanese/Japa-
nese American (12.0%), Chinese/Chinese American (10.2%), and Hispanic (5.2%). 81.6% of women experienced
mild sleep midpoint changes, while 6.3% had moderate change and 12.1% had severe changes. The median
follow-up time was 7 years (range 1-7 years). Among 1579 women at risk for depressive symptoms at baseline,
496 developed incident depressive symptoms during 8107 person-years of follow-up, an incidence of 61 per
1000 person-years. Compared with women who remained free of depressive symptoms throughout follow-up,
those who developed depressive symptoms were more likely to be younger, less educated, less family income,
less physically active, lower quality of life, to have worse health status, to have a higher frequency of night sweats,
to have worse sleep quality, to have a higher blood glucose, to have a higher total energy intake, to experience
a higher frequency of insomnia symptoms, to use sleep medications, and to use nervous medications. Women
with incident depressive symptoms had a greater degree of change in the midpoint of sleep compared with those
without incident depressive symptoms (Table 1).

Associations between sleep—wake changes and new-onset depressive symptoms

The associations between changes in the midpoint of sleep and new-onset depressive symptoms are presented
in Fig. 1 and Table 2. After adjusting for age and race/ethnicity (model 1), women with greater sleep midpoint
changes had significantly higher risk for depressive symptoms (p-value for trend =0.003). After further adjusting
for lifestyle and health-related covariates (model 2), the HR (95% CI) of depressive symptoms for severe sleep
midpoint change was 1.51 (1.12, 2.05) compared with mild sleep midpoint change. This relationship remained
statistically significant and changed little when additionally controlling for menopausal status and sex hormones
(model 3; HR 1.57, 95% CI 1.16, 2.14, P-value for trend =0.002).

Sensitivity analyses

We explored the potential effects of depressive cut-off point, caffeine intake, sleep duration, sleep quality, insom-
nia symptoms, use of sleep medications, and use of nervous medications in the model, and findings were con-
sistent with the main models (Supplementary Tables 1, 2). There were no significant interactions between sleep
midpoint changes and covariates (Supplementary Table 3). After conducting a lag analysis and excluding the
follow-up data from the first four years, we found that the correlation still remains statistically significant and
even stronger (HR 2.04, 95% CI 1.09, 3.82, P-value for trend = 0.008). After excluding women who identified as
shiftworkers (n=54), the relationship still remains statistically significant (HR 1.64, 95% CI 1.20, 2.45, P-value
for trend=0.001).

Discussion

This large-sample prospective cohort study supports the hypothesis that greater sleep-wake changes are asso-
ciated with higher risk for depressive symptoms in women during the menopausal transition. In the present
study, 81.6% of women experienced mild sleep midpoint changes (sleep midpoint changes <1 h), 6.3% of hav-
ing moderate sleep—wake changes (sleep midpoint changes between 1 to 2 h) and 12.1% having severe changes
(sleep midpoint changes>2 h). Findings indicates that women with severe sleep midpoint change have a 57%
higher risk of depressive symptoms compared with women with mild sleep midpoint change. This relationship
is independent of traditional depression risk factors, menopausal status, and sex hormones levels.
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Participants without depressive | Participants with depressive

Total participants symptoms symptoms P-value
Number of subjects 1579 1083 496
Follow-up years 7 (1-7) 7 (1-7) 2(1-7) <0.001
Age, years 49 (47-51) 49 (47-51) 48 (46-51) 0.024
Body mass index, kg/m?* 26.7 (23.0-32.0) 26.6 (23.0-31.8) 26.8 (22.8-32.6) 0.644
Physical activity score 6.7 (5.8-7.5) 6.8 (5.9-7.6) 6.5 (5.7-7.3) <0.001
Quality of life 8 (7-9) 8 (8-9) 8 (7-8) <0.001
Sleep time, hours 7 (6-7) 7 (6-7) 7 (6-7) 0.198
Ege/}éYLdmePia“dm“em“e sulfate, | 151 5 (81.0-175.1) 119.0 (80.2-175.3) 125.0 (82.3-174.5) 0529
Eﬁlgjﬁ'itimula““g hormone, |, (137 5933) 27.4 (13.6-61.6) 23.2 (14.0-54.7) 0.176
Isl;j‘[ hormone-binding globulin, | 39 5 ¢ 5 54 3 39.5 (26.3-53.2) 39.4 (26.3-55.5) 0.527
Testosterone, ng/dL 33.5(24.0-47.8) 33.8 (23.8-47.6) 32.5(24.3-48.8) 0.700
Estradiol, pg/mL 35.5 (21.1-75.6) 35.1 (20.6-76.8) 36.8 (22.0-71.7) 0.674
Total cholesterol, mg/dL 194 (173-218) 196 (174-219) 193 (171-217) 0.247
Triglycerides, mg/dL 96 (73-140) 94 (72-139) 99 (74-142) 0.255
Glucose, mg/mL 90 (84-97) 89 (84-96) 91 (85-98) 0.014
Insulin, ulU/mL 9.2 (7.1-13.4) 9.1(7.2-13.2) 9.5(7.1-13.8) 0.549
C-reactive protein, mg/L 1.6 (0.6-4.6) 1.6 (0.6-4.7) 1.7 (0.6-4.6) 0.819
Total caloric intake, kcal 1701.6 (1339.8-2145.0) | 1654.2 (1326.4-2077.2) 1805.7 (1427.4-2317.4) <0.001
Caffeine intake, mg 174.7 (63.9-309.1) 173.3 (64.2-307.7) 181.4 (63.1-315.7) 0.722
Race/Ethnicity, n (%) 0.39
Caucasian/White Non-Hispanic | 765 (48.4) 534 (49.3) 231 (46.6)
Black/African American 382 (24.2) 258 (23.8) 124 (25.0)
Japanese/Japanese American 189 (12.0) 119 (11.0) 70 (14.1)
Chinese/Chinese American 161 (10.2) 113 (10.4) 48 (9.7)
Hispanic 82(5.2) 59 (5.5) 23 (4.6)
Education, n (%) 0.01
High school or less 311(19.8) 209 (19.5) 102 (20.7)
Some college 838 (53.5) 554 (51.6) 284 (57.6)
College and above 418 (26.7) 311 (28.9) 107 (21.7)
Total family income, n (%) <0.001
<50,000$ 497 (33.1) 308 (29.8) 189 (40.3)
>50,000$ 1004 (66.9) 724 (70.2) 280 (59.7)
Smoking status, n (%) 0.086
Never 953 (61.4) 673 (63.0) 280 (58.0)
Former 346 (22.3) 235 (22.0) 111 (23.0)
Current 252 (16.3) 160 (15.0) 92 (19.0)
Alcohol consumption, n (%) 0.982
Non-drinker 1190 (84.5) 816 (84.5) 374 (84.4)
Drinker 219 (15.5) 150 (15.5) 69 (15.6)
Hypertension, n (%) 0.983
Yes 406 (26.8) 278 (26.8) 128 (26.8)
No 1109 (73.2) 760 (73.2) 349 (73.2)
Diabetes, n (%) 0.28
Yes 97 (6.6) 35(7.6) 62 (6.1)
No 1382 (93.4) 426 (92.4) 956 (93.9)
Health status, n (%) <0.001
Excellent 386 (24.7) 307 (28.7) 79 (16.2)
Very good 631 (40.5) 431 (40.2) 200 (50.0)
Good 402 (25.8) 260 (24.3) 142 (29.1)
Fair/poor 140 (9.0) 73 (6.8) 67 (13.7)
Sleep quality, n (%) <0.001
Very good 410 (26.0) 326 (30.2) 84 (17.0)
Fairly good 926 (58.8) 621 (57.4) 305 (61.6)
Fairly bad 203 (12.9) 117 (10.8) 86 (17.4)
Continued
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Participants without depressive | Participants with depressive

Total participants symptoms symptoms P-value
Very bad 37 (2.3) 17 (1.6) 20 (4%)
Changes in the midpoint of sleep 0.011
Mild 1289 (81.6) 905 (83.6) 384 (77.4)
Moderate 99 (6.3) 58 (5.3) 41 (8.3)
Severe 191 (12.1) 120 (11.1) 71(14.3)
Menopausal status, n (%) 0.108
Premenopause 223 (14.1) 168 (15.6) 55(11.1)
Early perimenopause 983 (62.3) 659 (60.9) 324 (65.3)
Late perimenopause 163 (10.4) 114 (10.5) 49 (9.9)
Natural postmenopause 209 (13.2) 141 (13.0) 68 (13.7)
Hot flashes during past 2 weeks, n (%) 0.041
<5 Days 1356 (86.1) 942 (87.3) 414 (83.5)
>5 Days 219 (13.9) 137 (12.7) 82 (16.5)
Night sweats during past 2 weeks, n (%) 0.244
<5 Days 1423 (90.5) 983 (91.1) 440 (89.2)
>5 Days 149 (9.5) 96 (8.9) 53 (10.8)
Sleep medication, n (%) 0.014
Not take during the past month | 1394 (88.5) 973 (90.0) 421 (85.0)
<1 times per week 83 (5.3) 53 (4.9) 30 (6.1%)
1 to 2 times per week 41 (2.5) 25(2.3) 16 (3.2)
>3 times per week 58 (3.7) 30 (2.8) 28 (5.7)
Insomnia symptoms, n (%) <0.001
Yes 133 (8.4) 72 (6.7) 61(12.3)
No 1443 (91.6) 1008 (93.3) 435 (87.7)
Estrogen pills, n (%) 0.674
Yes 22(1.4) 16 (1.5) 6(1.2)
No 1557 (98.6) 1067 (98.5) 490 (98.8)
Medications for nervous conditions, n (%) <0.001
Yes 162 (10.3) 80 (7.4) 82 (16.5)
No 1417 (89.7) 1003 (92.6) 414 (83.5)

Table 1. Baseline characteristics of study participants. Data are presented as median (IQR) or n (%). P-value
based on x* test for categorical variables and Wilcoxon rank-sum test for continuous variables.

Previous studies on the association between sleep midpoint and depressive symptoms examined sleep mid-
point at only one time point, which failed to capture long-term changes in individual sleep-wake rhythms'**>-?7,
Not surprisingly, variability of sleep midpoint between individuals can be considerable, particularly in the absence
of social constraints*®. Twin and family studies suggest that genetic factors account for a substantial proportion
(up to 50%) of population variability in circadian timing®. To minimize the effect of inter-individual variation,
we assess changes in sleep-wake rhythm by calculating the difference in sleep midpoint between two consecutive
years for each participant. Thus, the current study is the first to describe changes in the midpoint of sleep and to
track the incidence of subsequent depressive symptoms among midlife women.

We seek to explore the underlying mechanisms of the interaction between sleep-wake changes and depressive
symptoms. Previous studies have shown that circadian rhythm disruption is prone to metabolic abnormalities
(mainly manifested as glucose, lipid, and energy metabolism), which in turn may increase the risk of depressive
symptoms®*~32, In our study, after adjusting for indicators of metabolic abnormalities (energy intake, insulin,
glucose, and lipids; Supplementary Table 2, model 5) and metabolic diseases (hypertension and diabetes), a high
risk of depressive symptoms is also observed in patients with severe sleep midpoint change. Thus, metabolic
alterations do not appear to explain the association between sleep-wake changes and depression symptoms.
Furthermore, we considered interactions between the circadian system and the sleep homeostatic system, the
latter is the main driving force for maintaining sleep duration and intensity. Several studies have shown that
sleep duration and quality are independently associated with incident depressive symptoms>**. In our study, the
association between sleep-wake changes and depressive symptoms persisted after adjusting for sleep duration
and sleep quality. Thus, the influence of the sleep-wake changes on depressive symptoms may be independent
of the sleep homeostasis system. During the menopausal transition, with estrogen levels decline, women often
experience vasomotor symptoms, which are associated with both sleeping problems and depressive symptoms™;
however, associations between sleep-wake changes and depressive symptoms consistent with the primary models
when further adjusting for vasomotor symptoms (Supplementary Table 2, model 6). Moreover, we consider the
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Figure 1. Relationship between changes in the midpoint of sleep and new-onset depressive symptoms.

Mild Moderate Severe
HR (95%CI) HR (95% CI) P-value | HR (95% CI) P-value | P-value for trend
No. cases/person-years 1289/6759 99/510 191/838
Model 1 1.00 (reference) | 1.40(1.01,1.93) | 0.044 1.42 (1.09, 1.86) | 0.009 0.003
Model 2 1.00 (reference) | 1.44(0.98,2.12) | 0.064 1.51(1.12,2.05) | 0.008 0.003
Model 3 1.00 (reference) | 1.42(0.96,2.11) |0.075 1.57 (1.15,2.14) | 0.004 0.002

Table 2. Associations between sleep midpoint changes and risk of depressive symptoms. Model 1: Age and
Race/Ethnicity. Model 2: Model 1 plus education, family income, body mass index, smoking status, alcohol
consumption, physical activity score, hypertension status, diabetes status, health status, and quality of life.
Model 3: Model 2 plus menopausal status, dehydroepiandrosterone sulfate, follicle-stimulating hormone, sex
hormone-binding globulin, testosterone, estradiol, and follow-up period.

role of inflammation, the associations persist after adjusting C-reactive protein (Supplementary Table 2, model
7). Other potential mechanisms, such as melatonin, cortisol, and epigenetics, remain to be explored in depth®*-.

Our study has several limitations. Sleep data used in this study are obtained by self-report, which is less
objective than polysomnography. Although subjective measures have their limitations, study has shown that
there is a moderate correlation between subjective sleep assessments and objective measurements, such as
polysomnography*”. Moreover, subjective measurement methods are easier to implement and do not require
expensive equipment or the involvement of specialized technicians, which allows the study to be conducted
on a broader sample, thereby enhancing the practical application value of the research. Our study is limited
to women during the menopausal transition, so whether the findings can be extended to other age groups of
women or men still needs further investigation. Although we discuss a wide range of covariates, the possibility
that the observed associations are disturbed by unmeasured or residual confounding factors cannot be ruled
out. Unfortunately, only two consecutive sleep midpoint data are available for analysis, making it impossible
to explore the associations between longer-term sleep-wake change signatures and depressive symptoms. The
sleep midpoint is only an indirect measure of the circadian rhythm and cannot fully represent an individual’s
sleep—wake pattern or physiological rhythm.

Conclusions

In conclusion, this prospective cohort study of middle-aged women supports the hypothesis that larger
sleep-wake changes are associated with higher risk for depressive symptoms, after considering metabolic abnor-
malities, sleep homeostasis system, sex hormones, and vasomotor symptoms. These findings highlight the impor-
tance of considering sleep-wake changes when performing a comprehensive sleep assessment and underscore
that chronic exposure to severe sleep-wake change increases the risk of depressive symptoms by at least 50% in
women during the menopausal transition.
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Data are publicly available at https://www.swanstudy.org/swan-research/data-access.

Received: 23 April 2024; Accepted: 27 June 2024
Published online: 02 July 2024

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Bolshette, N., Ibrahim, H., Reinke, H. & Asher, G. Circadian regulation of liver function: From molecular mechanisms to disease
pathophysiology. Nat. Rev. Gastroenterol. Hepatol. 20, 695-707. https://doi.org/10.1038/s41575-023-00792-1 (2023).

Woodie, L. N., Oral, K. T., Krusen, B. M. & Lazar, M. A. The circadian regulation of nutrient metabolism in diet-induced obesity
and metabolic disease. Nutrients 14, 136. https://doi.org/10.3390/nu14153136 (2022).

Belloir, J., Makarem, N. & Shechter, A. Sleep and circadian disturbance in cardiovascular risk. Curr. Cardiol. Rep. 24, 2097-2107.
https://doi.org/10.1007/s11886-022-01816-z (2022).

. Crnko, S., Du Pré, B. C,, Sluijter, J. P. G. & Van Laake, L. W. Circadian rhythms and the molecular clock in cardiovascular biology

and disease. Nat. Rev. Cardiol. 16, 437-447. https://doi.org/10.1038/s41569-019-0167-4 (2019).

. Leng, Y., Musiek, E. S., Hu, K., Cappuccio, E. P. & Yaffe, K. Association between circadian rhythms and neurodegenerative diseases.

Lancet Neurol. 18, 307-318. https://doi.org/10.1016/s1474-4422(18)30461-7 (2019).

. Musiek, E. S. & Holtzman, D. M. Mechanisms linking circadian clocks, sleep, and neurodegeneration. Science 354, 1004-1008.

https://doi.org/10.1126/science.aah4968 (2016).

. Crouse, J. J. et al. Circadian rhythm sleep-wake disturbances and depression in young people: Implications for prevention and

early intervention. Lancet Psychiatry 8, 813-823. https://doi.org/10.1016/s2215-0366(21)00034-1 (2021).

. de Leeuw, M. et al. The role of the circadian system in the etiology of depression. Neurosci. Biobehav. Rev. 153, 105383. https://doi.

org/10.1016/j.neubiorev.2023.105383 (2023).

. Takaesu, Y. Circadian rhythm in bipolar disorder: A review of the literature. Psychiatry Clin. Neurosci. 72, 673-682. https://doi.

org/10.1111/pcn.12688 (2018).

Kuula, L., Halonen, R., Lipsanen, J. & Pesonen, A. K. Adolescent circadian patterns link with psychiatric problems: A multimodal
approach. J. Psychiatr. Res. 150, 219-226. https://doi.org/10.1016/j.jpsychires.2022.03.056 (2022).

Liu, B. P. & Jia, C. X. Shift work schedule and sleep patterns in relation to incident depression: Evidence from a prospective cohort
study. Psychiatry Res. 321, 115076. https://doi.org/10.1016/j.psychres.2023.115076 (2023).

Dashti, H. S. et al. Sleep health, diseases, and pain syndromes: Findings from an electronic health record biobank. Sleep 44, 189.
https://doi.org/10.1093/sleep/zsaal89 (2021).

Daghlas, I, Lane, J. M., Saxena, R. & Vetter, C. Genetically proxied diurnal preference, sleep timing, and risk of major depressive
disorder. JAMA Psychiatry 78, 903-910. https://doi.org/10.1001/jamapsychiatry.2021.0959 (2021).

Baker, E. C., Lampio, L., Saaresranta, T. & Polo-Kantola, P. Sleep and sleep disorders in the menopausal transition. Sleep Med. Clin.
13, 443-456. https://doi.org/10.1016/j.jsmc.2018.04.011 (2018).

Hou, S. Y. et al. Role of age, menopausal status, and symptoms in midlife women: Examination of sleep patterns and rest-activity
circadian rhythms. Sleep Med. 113, 172-179. https://doi.org/10.1016/j.sleep.2023.11.015 (2024).

Herson, M. & Kulkarni, J. Hormonal agents for the treatment of depression associated with the menopause. Drugs Aging 39,
607-618. https://doi.org/10.1007/s40266-022-00962-x (2022).

Santoro, N. & Sutton-Tyrrell, K. The SWAN song: Study of Women’s Health Across the Nation’s recurring themes. Obstetr. Gynecol.
Clin. N. Am. 38, 417-423. https://doi.org/10.1016/j.0gc.2011.05.001 (2011).

Vilagut, G., Forero, C. G., Barbaglia, G. & Alonso, J. Screening for depression in the general population with the center for epide-
miologic studies depression (CES-D): A systematic review with meta-analysis. PLoS ONE 11, e0155431. https://doi.org/10.1371/
journal.pone.0155431 (2016).

Sternfeld, B., Cauley, J., Harlow, S., Liu, G. & Lee, M. Assessment of physical activity with a single global question in a large, mul-
tiethnic sample of midlife women. Am. J. Epidemiol. 152, 678-687. https://doi.org/10.1093/aje/152.7.678 (2000).

Huang, M. H. et al. Variation in nutrient intakes by ethnicity: Results from the Study of Women’s Health Across the Nation (SWAN).
Menopause 9, 309-319. https://doi.org/10.1097/00042192-200209000-00003 (2002).

Sowers, M. R. et al. The association of endogenous hormone concentrations and bone mineral density measures in pre- and peri-
menopausal women of four ethnic groups: SWAN. Osteoporosis Int. 14, 44-52. https://doi.org/10.1007/s00198-002-1307-x (2003).
Thurston, R. C. et al. Vasomotor symptoms and insulin resistance in the study of women’s health across the nation. J. Clin. Endo-
crinol. Metab. 97, 3487-3494. https://doi.org/10.1210/jc.2012-1410 (2012).

Ishii, S. et al. C-reactive protein, bone strength, and nine-year fracture risk: Data from the Study of Women’s Health Across the
Nation (SWAN). J. Bone Mineral Res. 28, 1688-1698. https://doi.org/10.1002/jbmr.1915 (2013).

Thurston, R. C. et al. Trajectories of sleep over midlife and incident cardiovascular disease events in the study of women’s health
across the nation. Circulation 149, 545-555. https://doi.org/10.1161/circulationaha.123.066491 (2024).

Yin, J. et al. Nonlinear relationship between sleep midpoint and depression symptoms: A cross-sectional study of US adults. BMC
Psychiatry 23, 671. https://doi.org/10.1186/s12888-023-05130-y (2023).

de Souza, C. M. & Hidalgo, M. P. Midpoint of sleep on school days is associated with depression among adolescents. Chronobiol.
Int. 31, 199-205. https://doi.org/10.3109/07420528.2013.838575 (2014).

Lin, C. Y. et al. Sleep duration and timing are nonlinearly associated with depressive symptoms among older adults. Sleep Med.
81, 93-97. https://doi.org/10.1016/j.sleep.2021.02.012 (2021).

Meyer, N., Harvey, A. G., Lockley, S. W. & Dijk, D. J. Circadian rhythms and disorders of the timing of sleep. Lancet 400, 1061-1078.
https://doi.org/10.1016/s0140-6736(22)00877-7 (2022).

Kalmbach, D. A. et al. Genetic basis of chronotype in humans: Insights from three landmark GWAS. Sleep 40, 48. https://doi.org/
10.1093/sleep/zsw048 (2017).

Sato, T. & Sato, S. Circadian regulation of metabolism: Commitment to health and diseases. Endocrinology 164, 86. https://doi.
org/10.1210/endocr/bqad086 (2023).

Poggiogalle, E., Jamshed, H. & Peterson, C. M. Circadian regulation of glucose, lipid, and energy metabolism in humans. Metab.
Clin. Exp. 84, 11-27. https://doi.org/10.1016/j.metabol.2017.11.017 (2018).

Marijnissen, R. M. et al. Metabolic dysregulation and late-life depression: A prospective study. Psychol. Med. 47, 1041-1052. https://
doi.org/10.1017/s0033291716003196 (2017).

Li, X. L., Wei, J., Zhang, X., Meng, Z. & Zhu, W. Relationship between night-sleep duration and risk for depression among middle-
aged and older people: A dose-response meta-analysis. Front. Physiol. 14, 1085091. https://doi.org/10.3389/fphys.2023.1085091
(2023).

Tomida, M. et al. Vasomotor symptoms, sleep problems, and depressive symptoms in community-dwelling Japanese women. J.
Obstetr. Gynaecol. Res. 47, 3677-3690. https://doi.org/10.1111/jog.14937 (2021).

Carpenter, J. S. et al. Circadian depression: A mood disorder phenotype. Neurosci. Biobehav. Rev. 126, 79-101. https://doi.org/10.
1016/j.neubiorev.2021.02.045 (2021).

Scientific Reports |

(2024) 14:15184 | https://doi.org/10.1038/s41598-024-66145-3 nature portfolio


https://www.swanstudy.org/swan-research/data-access
https://doi.org/10.1038/s41575-023-00792-1
https://doi.org/10.3390/nu14153136
https://doi.org/10.1007/s11886-022-01816-z
https://doi.org/10.1038/s41569-019-0167-4
https://doi.org/10.1016/s1474-4422(18)30461-7
https://doi.org/10.1126/science.aah4968
https://doi.org/10.1016/s2215-0366(21)00034-1
https://doi.org/10.1016/j.neubiorev.2023.105383
https://doi.org/10.1016/j.neubiorev.2023.105383
https://doi.org/10.1111/pcn.12688
https://doi.org/10.1111/pcn.12688
https://doi.org/10.1016/j.jpsychires.2022.03.056
https://doi.org/10.1016/j.psychres.2023.115076
https://doi.org/10.1093/sleep/zsaa189
https://doi.org/10.1001/jamapsychiatry.2021.0959
https://doi.org/10.1016/j.jsmc.2018.04.011
https://doi.org/10.1016/j.sleep.2023.11.015
https://doi.org/10.1007/s40266-022-00962-x
https://doi.org/10.1016/j.ogc.2011.05.001
https://doi.org/10.1371/journal.pone.0155431
https://doi.org/10.1371/journal.pone.0155431
https://doi.org/10.1093/aje/152.7.678
https://doi.org/10.1097/00042192-200209000-00003
https://doi.org/10.1007/s00198-002-1307-x
https://doi.org/10.1210/jc.2012-1410
https://doi.org/10.1002/jbmr.1915
https://doi.org/10.1161/circulationaha.123.066491
https://doi.org/10.1186/s12888-023-05130-y
https://doi.org/10.3109/07420528.2013.838575
https://doi.org/10.1016/j.sleep.2021.02.012
https://doi.org/10.1016/s0140-6736(22)00877-7
https://doi.org/10.1093/sleep/zsw048
https://doi.org/10.1093/sleep/zsw048
https://doi.org/10.1210/endocr/bqad086
https://doi.org/10.1210/endocr/bqad086
https://doi.org/10.1016/j.metabol.2017.11.017
https://doi.org/10.1017/s0033291716003196
https://doi.org/10.1017/s0033291716003196
https://doi.org/10.3389/fphys.2023.1085091
https://doi.org/10.1111/jog.14937
https://doi.org/10.1016/j.neubiorev.2021.02.045
https://doi.org/10.1016/j.neubiorev.2021.02.045

www.nature.com/scientificreports/

36. Sato, S. & Sassone-Corsi, P. Linking depression to epigenetics: Role of the Circadian clock. Adv. Exp. Med. Biol. 1344, 43-53. https://
doi.org/10.1007/978-3-030-81147-1_3 (2021).

37. Boudebesse, C. et al. Correlations between objective and subjective sleep and circadian markers in remitted patients with bipolar
disorder. Chronobiol. Int. 31, 698-704. https://doi.org/10.3109/07420528.2014.895742 (2014).

Acknowledgements
The authors acknowledge all participants who were responsible for the SWAN and making the datasets available.

Author contributions
J.L and S.L conducted data analysis, wrote the manuscript, read and approved the final manuscript.

Funding

This study was supported by the Innovation and Entrepreneurship Program of Jiangsu Province (JSS-
CBS20211625) and the Science and Technology Development Fund Project of Nanjing Medical University
(NMUB2020142).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-024-66145-3.

Correspondence and requests for materials should be addressed to S.L.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:15184 | https://doi.org/10.1038/s41598-024-66145-3 nature portfolio


https://doi.org/10.1007/978-3-030-81147-1_3
https://doi.org/10.1007/978-3-030-81147-1_3
https://doi.org/10.3109/07420528.2014.895742
https://doi.org/10.1038/s41598-024-66145-3
https://doi.org/10.1038/s41598-024-66145-3
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Sleep–wake changes and incident depressive symptoms in midlife women
	Methods
	Study population
	Sleep
	Depressive symptoms
	Other variables
	Statistical analysis

	Results
	Study sample characteristics
	Associations between sleep–wake changes and new-onset depressive symptoms
	Sensitivity analyses

	Discussion
	Conclusions
	References
	Acknowledgements


