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Abstract 

Background  Depression is a common global mental health issue, affecting around 3.8% of the population. It sig-
nificantly impacts quality of life and social functioning, posing a major public health challenge. Sleep is a key factor 
influencing depression, with both sleep quality and quantity linked to mental health. However, sleep deprivation 
is widespread, and many people compensate by “weekend sleep recovery.” The effects of sleep deprivation and week-
end recovery on depression risk are unclear, as irregular sleep patterns may worsen depressive symptoms. This study 
introduces the “Weekend Catch-up Sleep Ratio” (CUS ratio) to better understand the relationship between sleep pat-
terns and depression.

Methods  Cross-sectional data were obtained from individuals who participated in the 2021–2023 National Health 
and Nutrition Examination Survey (NHANES) and had complete data on CUS and the Patient Health Question-
naire (PHQ-9). Multivariable logistic regression was performed to assess the potential independent association 
between depression and the CUS ratio. Additionally, smoothing curve fitting, threshold effect analysis, subgroup 
analysis, and interaction tests were conducted.

Results  A total of 4,656 individuals were analyzed, categorized by depression symptoms (PHQ-9 score of 10 
or higher), with an overall depression risk of 12.4%. In the adjusted model, the CUS ratio was significantly positively 
associated with depression risk (AOR = 1.75, 95% CI: 1.25–2.45), exhibiting a nonlinear threshold effect (inflection point 
at 1.11). When the CUS ratio ≤ 1.11, an increase in the ratio was associated with a reduced depression risk (AOR = 0.34, 
95% CI: 0.13–0.89), whereas when the CUS ratio > 1.11, each unit increase in the ratio significantly increased depres-
sion risk by 187% (AOR = 2.87, 95% CI: 1.84–4.50). Individuals with education levels of less than 9th grade, some 
college or an Associate of Arts (AA) degree, those who are overweight (25 ≤ BMI < 30), and those without diabetes 
appeared more sensitive to fluctuations in sleep patterns.

In the adjusted model for the severity of depressive symptoms, the CUS ratio was significantly positively associated 
with depression severity (Aβ = 0.19, 95% CI: 0.09–0.28), also exhibiting a nonlinear threshold effect (inflection point 
at 1.11). When the CUS ratio ≤ 1.11, an increase in the ratio was associated with a reduction in depression severity 
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(Aβ = -0.35, 95% CI: -0.62 to -0.09), whereas when the CUS ratio > 1.11, each unit increase in the ratio significantly 
increased depression severity (Aβ = 0.36, 95% CI: 0.24–0.49). In particular, individuals without diabetes appeared more 
sensitive to fluctuations in sleep patterns.

Conclusions  This study suggests that maintaining a balanced sleep pattern, with a CUS ratio between 1 and 1.11, 
may help reduce depression risk and promote better mental health.

Keywords  Weekend catch-up sleep ratio, Sleep pattern fluctuations, Depressive, NHANES

Introduction
Depression is one of the most common mental health 
disorders worldwide, affecting individuals across all 
ages, genders, and social backgrounds [1–3]. Its main 
symptoms include persistent low mood, apathy, sadness, 
chronic fatigue, and reduced motivation, with severe 
cases potentially leading to suicidal thoughts [4, 5]. As 
societal pressures increase and lifestyles change, depres-
sion has become an increasingly serious public health 
issue, with an estimated 3.8% of the global population—
approximately 280 million people—affected [6, 7]. Due 
to its profound impact on individual quality of life, work 
productivity, and social functioning, the prevention and 
treatment of depression have become significant chal-
lenges in the field of public health [8, 9].

In recent years, research on depression has gradually 
revealed various potential causes and risk factors, with 
sleep being recognized as one of the key influences on 
depression [10–12]. Both the quality and quantity of sleep 
are closely related to emotional well-being and play a cru-
cial role in maintaining mental health [13, 14]. However, 
sleep deprivation is a widespread issue in modern society, 
particularly during weekdays, when adults and adoles-
cents often fail to get adequate sleep due to the pressures 
of work and study. To compensate for this sleep deficit, 
many individuals choose to recover by weekend catch-up 
sleep [15]. Yet, the impact of sleep deprivation and week-
end catch-up sleep on depression risk remains inconclu-
sive. Studies have shown that sufficient sleep can alleviate 
depressive symptoms, but excessive sleep or irregular 
sleep patterns may also exacerbate the onset and progres-
sion of depression [16, 17]. Severe sleep problems, such 
as Co-Morbid Insomnia and Sleep Apnea (COMISA), 
can extend beyond depression and significantly impact 
suicidality [18–20]. Therefore, understanding the rela-
tionship between sleep patterns, sleep deprivation, and 
weekend catch-up sleep is critical for developing more 
effective sleep interventions and depression prevention 
strategies.

Currently, many studies exploring the relationship 
between sleep duration and depression often use the 
“weekend catch-up sleep” (CUS) indicator [21]. How-
ever, due to the inconsistency of sleep duration on week-
days, this method, which relies solely on the difference 

between weekend and weekday sleep durations, may 
not accurately reflect individual differences in sleep pat-
terns. Therefore, this study uses the ratio of weekend 
sleep duration to weekday sleep duration, referred to as 
the “weekend catch-up sleep ratio” (CUS ratio) [22], to 
further investigate the relationship between sleep and 
depression. This ratio standardizes an individual’s base-
line sleep duration during weekdays, thereby quantify-
ing the relative extent of weekend sleep compensation 
(e.g., a ratio > 1 indicates extended weekend sleep). It 
more precisely reflects differences in individual sleep pat-
terns. Compared to absolute differences, the ratio indica-
tor eliminates the interference of baseline differences in 
weekday sleep (e.g., the same difference may have differ-
ent physiological meanings in different baseline groups), 
allowing for a more accurate capture of variations in 
individual sleep duration. This improves the scientific 
rigor and comparability of the analysis of the relationship 
between sleep patterns and depression.

This study aims to systematically analyze the relation-
ship between the volatility of sleep patterns and the 
risk of depression using the CUS ratio as an exposure 
indicator, based on data from the nationally representa-
tive sample of the United States (NHANES 2021–2023). 
We hope that this research will provide new insights 
and offer strong support for the future management of 
sleep patterns in clinical treatment and public health 
interventions.

Methods
Study population and research design
The National Center for Health Statistics (NCHS) con-
ducted a nationwide, stratified, multi-stage probability 
sampling survey known as NHANES, aimed at evaluat-
ing the relationship between disease prevention and the 
promotion of nutritional health. This biennial survey 
covers demographic, nutrition, examination, labora-
tory, and questionnaire components, combining both 
interviews and physical exams [23]. From 2021 to 2023, 
a total of 11,933 individuals participated in the registra-
tion process. After applying a strict set of inclusion and 
exclusion criteria, the final sample consisted of 4,656 U.S. 
adults from the NHANES 2021–2023 cycle. Specifically, 
this study excluded 4,124 individuals under the age of 20. 
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Other exclusions included 140 participants with missing 
sleep data, 2,470 participants missing PHQ-9 data, and 
543 participants with missing covariate data (Fig. 1).

This study was approved by the Institutional Review 
Board of the National Center for Health Statistics 
(NCHS) (https://​www.​cdc.​gov/​nchs/​nhanes/​about/​erb.​
html#​print). All participants provided written informed 
consent, agreeing to participate in the survey and to the 
use of their data for health-related statistical research. 
The full NHANES study methods and data can be 
accessed by the public at www.​cdc.​gov/​nchs/​nhanes/.

Definition of sleep duration and depression
Sleep duration was assessed using standardized 
NHANES survey questions, with participants reporting 
their average sleep duration on both weekdays and week-
ends [15].

Depression was evaluated using the nine-item Patient 
Health Questionnaire (PHQ-9) from NHANES [24], 
which assessed the severity of depression in partici-
pants over the past 2 weeks. The questionnaire consists 
of 9 questions: “Have little interest in doing things?”; 
“Feeling down, depressed, or hopeless?”; “Trouble sleep-
ing or sleeping too much?”; “Feeling tired or having lit-
tle energy?”; “Poor appetite or overeating?”; “Feeling bad 
about yourself?”; “Trouble concentrating on things?”; 
“Moving or speaking slowly or too fast?”; “Thought you 
would be better off dead?”. Trained interviewers at the 
mobile exam center (MEC) administered these questions 
using a computer-assisted personal interview (CAPI) sys-
tem as part of the process. The total score ranges from 
0 to 27, with response options for each symptom includ-
ing “Not at all,” “Several days,” “More than half the days,” 

and “Nearly every day,” corresponding to scores of 0 to 
3. Participants with a total PHQ-9 score of 10 or higher 
were considered to have depressive symptoms, a thresh-
old that demonstrates high sensitivity (88%) and specific-
ity (88%) in detecting major depression [25]. The severity 
of depressive symptoms were further classified based on 
the total PHQ-9 score as follows: 0 to 4 points for no 
depressive symptoms, 5 to 9 points for mild depression, 
10 to 14 points for moderate depression, 15 to 19 points 
for moderate-to-severe depression, and 20 points or 
higher for severe depression [26, 27]. To better under-
stand the relationship between the CUS ratio and depres-
sion, this study conducted sensitivity analyses using two 
classifications: depression symptoms (PHQ-9 score of 
10 or higher) and the severity of depressive symptoms 
(no depressive symptoms, mild depression, moderate 
depression, moderate-to-severe depression, and severe 
depression).

In this study, the CUS ratio was used as the exposure 
factor, with depression as the outcome variable. The CUS 
ratio is calculated by dividing the average weekend sleep 
duration by the average weekday sleep duration, i.e., CUS 
ratio = average weekend sleep duration/average weekday 
sleep duration [22].

Covariates [28–33]
The covariates selected for this study include gender 
(male or female), age (years), race (including six cat-
egories such as Mexican American), education level 
(including five categories such as Less than 9th grade), 
marital status (including three categories such as Mar-
ried/Living with partner), family monthly poverty level 
category (including three categories such as Monthly 

Fig. 1  Flow chart of study participants

https://www.cdc.gov/nchs/nhanes/about/erb.html#print
https://www.cdc.gov/nchs/nhanes/about/erb.html#print
http://www.cdc.gov/nchs/nhanes/
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poverty level index ≤ 1.30), and body mass index (BMI, 
kg/m2), categorized as underweight (BMI < 18.5), nor-
mal weight (18.5 ≤ BMI < 25), overweight (25 ≤ BMI 
< 30), and obese (BMI ≥ 30). The participants’ alcohol 
consumption status was categorized into six groups: 
never (< 12 drinks in a lifetime), former (≥ 12 drinks 
in a lifetime and no alcohol consumption in the past 
year), mild (≥ 1 drink/day for women and ≥ 2 drinks/
day for men), moderate (≥ 2 drinks/day for women 
and ≥ 3 drinks/day for men, or binge drinking on ≥ 2 
days/month), and heavy (≥ 3 drinks/day for women 
and ≥ 4 drinks/day for men, or binge drinking on ≥ 5 
days/month). Smoking status and diabetes status were 
also included (both coded as yes or no), with diabetes 
defined by one or more of the following: (1) physician 
diagnosis; (2) HbA1c > 6.5%; (3) fasting blood glucose 
> 7.0 mmol/L; (4) random blood glucose > 11.1 mmol/L; 
or (5) use of insulin or anti-diabetic medications. Men-
tal health history was determined based on partici-
pants’ responses (yes or no) to the question: “During 
the past 12 months, have you seen or talked to a mental 
health professional such as a psychologist, psychiatrist, 
psychiatric nurse, or clinical social worker about your 
health?” Detailed measurement procedures for these 
variables can be accessed by the public at www.​cdc.​gov/​
nchs/​nhanes/.

Statistical analysis
All data analyses were performed using EmpowerStats 
(http://​www.​empow​ersta​ts.​net/​cn/​index.​php) and R 
3.4.3 (https://​www.r-​proje​ct.​org/) statistical software. 
For continuous variables, baseline characteristics are 
presented as mean ± standard deviation (SD), while 
categorical variables are reported as proportions. Dif-
ferences between groups for continuous variables were 
assessed using the Kruskal–Wallis rank sum test or 
analysis of variance (ANOVA), and differences for cat-
egorical variables were analyzed using the chi-square 
test. To evaluate the relationship between the exposure 
factor (CUS ratio) and the outcome variable (depres-
sion), three multivariable logistic regression models 
were applied: Model 1(an unadjusted model), Model 2 
(adjusting for key demographic variables), and Model 
3 (adjusting for all covariates). Additionally, subgroup 
analyses and interaction tests were conducted to fur-
ther explore the relationship between the exposure 
factor and depression across different demographic 
characteristics. To assess the nonlinear relationship 
between the CUS ratio and depression, a smoothing 
curve fitting based on generalized linear models (GLM) 
was used. A p-value < 0.05 was considered statistically 
significant.

Results
Baseline characteristics of participants
Table  1 lists the baseline characteristics of partici-
pants stratified by the presence or absence of depressive 
symptoms (a total PHQ-9 score of 10 or higher) in the 
NHANES 2021–2023 dataset, including 579 participants 
with depression and 4,077 without, resulting in an overall 
depression prevalence of 12.4%. Compared to the non-
depressed group, participants in the depressed group 
were younger (48.06 ± 17.26 years vs. 54.54 ± 16.78 years, 
p < 0.001), had a higher proportion of females (64.25% 
vs. 53.86%, p < 0.001), had a higher BMI (31.41 ± 8.72 vs. 
29.61 ± 7.03, p < 0.001), reported shorter weekday sleep 
duration (7.47 ± 2.10 h vs. 7.71 ± 1.43 h, p < 0.001), had a 
higher diabetes prevalence (22.80% vs. 15.55%, p < 0.001), 
and had a higher smoking rate (48.70% vs. 40.59%, p < 
0.001). Additionally, the depressed group had a lower 
proportion of individuals with mild alcohol consump-
tion (24.35% vs. 38.63%, p < 0.001), and higher propor-
tions in the “Never,” “Former,” “Moderate,” and “Heavy” 
alcohol consumption categories. Furthermore, a signifi-
cantly smaller proportion of individuals in the depressed 
group had no psychiatric history (62.00% vs. 87.42%, p < 
0.001). There were no significant differences between the 
two groups in weekend sleep duration. These differences 
highlight the importance of considering metabolic fac-
tors and lifestyle behaviors in the assessment of depres-
sion risk.

Table 2 lists the baseline characteristics of participants 
further stratified by the severity of depressive symptoms 
based on the total PHQ-9 score. Except for weekend 
sleep duration, all other variables showed significant uni-
variate associations with the classification of depressive 
symptoms (p < 0.05) and were therefore included in the 
multivariate model for further analysis.

To better illustrate the relationships between predictive 
factors, Supplemental Table  1  presents the associations 
between the CUP ratio and other variables, showing how 
these factors may independently or jointly contribute to 
the development of depression.

The association between CUS ratio and depression
Multivariable logistic regression models
We constructed multivariable logistic regression mod-
els to assess the association between the CUS ratio and 
depression symptoms (PHQ-9 score of 10 or higher), 
as shown in Table 3. In the unadjusted model, the CUS 
ratio was significantly positively associated with depres-
sion (OR = 1.92, 95% CI: 1.39, 2.64, p < 0.0001). After 
adjusting for demographic, clinical, and lifestyle factors, 
this association remained significant in the fully adjusted 
model (Model 3) (AOR = 1.75, 95% CI: 1.25, 2.45, p = 

http://www.cdc.gov/nchs/nhanes/
http://www.cdc.gov/nchs/nhanes/
http://www.empowerstats.net/cn/index.php
https://www.r-project.org/
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Table 1  Baseline characteristics of study participants stratified by depression symptoms (PHQ-9 score of 10 or higher)

Characteristics Non-Depression group Depression group P-value

N 4077 579

Age (years) 54.54 ± 16.78 48.06 ± 17.26 < 0.001

Sex (%) < 0.001

  Male 1881 (46.14%) 207 (35.75%)

  Female 2196 (53.86%) 372 (64.25%)

Race/Ethnicity (%) 0.002

  Mexican American 245 (6.01%) 42 (7.25%)

  Other Hispanic 375 (9.20%) 60 (10.36%)

  Non-Hispanic White 2580 (63.28%) 340 (58.72%)

  Non-Hispanic Black 437 (10.72%) 70 (12.09%)

  Non-Hispanic Asian 190 (4.66%) 13 (2.25%)

  Other Race—Including Multi-Racial 250 (6.13%) 54 (9.33%)

Education level (%) < 0.001

  Less than 9th grade 120 (2.94%) 26 (4.49%)

  9-11th grade (Includes 12th grade with no diploma) 270 (6.62%) 55 (9.50%)

  High school graduate/GED or equivalent 799 (19.60%) 142 (24.53%)

  Some college or Associate of Arts (AA) degree 1231 (30.19%) 219 (37.82%)

  College graduate or above 1657 (40.64%) 137 (23.66%)

Marital status (%) < 0.001

  Married/Living with partner 2320 (56.90%) 216 (37.31%)

  Widowed/Divorced/Separated 998 (24.48%) 172 (29.71%)

  Never married 759 (18.62%) 191 (32.99%)

Family monthly poverty level category < 0.001

  Monthly poverty level index <  = 1.30 807 (19.79%) 227 (39.21%)

  1.30 < Monthly poverty level index <  = 1.85 533 (13.07%) 96 (16.58%)

  Monthly poverty level index > 1.85 2737 (67.13%) 256 (44.21%)

BMI (kg/m2) 29.61 ± 7.03 31.41 ± 8.72 < 0.001

  Underweight (BMI < 18.5) 45 (1.10%) 16 (2.76%)

  Normal weight (18.5 ≤ BMI < 25) 1054 (25.85%) 120 (20.73%)

  Overweight (25 ≤ BMI < 30) 1335 (32.74%) 161 (27.81%)

  Obese (BMI ≥ 30) 1643 (40.30%) 282 (48.70%)

Weekday sleep duration(hours) 7.71 ± 1.43 7.47 ± 2.10 < 0.001

Weekend sleep duration(hours) 8.23 ± 1.56 8.13 ± 2.17 0.630

CUS ratio 1.08 ± 0.21 1.13 ± 0.39 < 0.001

Drinking (%) < 0.001

  Never 341 (8.36%) 52 (8.98%)

  Former 615 (15.08%) 104 (17.96%)

  Mild 1575 (38.63%) 141 (24.35%)

  Moderate 787 (19.30%) 116 (20.03%)

  Heavy 759 (18.62%) 166 (28.67%)

Smoke (%) < 0.001

  No 2422 (59.41%) 297 (51.30%)

  Yes 1655 (40.59%) 282 (48.70%)

Diabetes (%) < 0.001

  No 3443 (84.45%) 447 (77.20%)

  Yes 634 (15.55%) 132 (22.80%)

PHQ-9 score 2.59 ± 2.55 13.94 ± 3.76 < 0.001

Mental health history (%) < 0.001

  No 3564 (87.42%) 359 (62.00%)

  Yes 513 (12.58%) 220 (38.00%)

Monthly poverty level index: a ratio of monthly family income to the HHS poverty guidelines specific to family size; BMI Body Mass Index
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Table 2  Baseline characteristics of study participants stratified by severity of depressive symptoms

Characteristics No 
depressive 
symptoms

Mild depression Moderate depression Moderate-
to-severe 
depression

Severe depression P-value

N 3155 922 370 151 58

Age (years) 55.69 ± 16.34 50.60 ± 17.69 47.48 ± 17.08 49.72 ± 18.09 47.45 ± 16.18 < 0.001

Sex (%) < 0.001

  Male 1529 (48.46%) 352 (38.18%) 127 (34.32%) 58 (38.41%) 22 (37.93%)

  Female 1626 (51.54%) 570 (61.82%) 243 (65.68%) 93 (61.59%) 36 (62.07%)

Race/Ethnicity (%) < 0.001

  Mexican American 191 (6.05%) 54 (5.86%) 27 (7.30%) 10 (6.62%) 5 (8.62%)

  Other Hispanic 264 (8.37%) 111 (12.04%) 36 (9.73%) 18 (11.92%) 6 (10.34%)

  Non-Hispanic White 2032 (64.41%) 548 (59.44%) 222 (60.00%) 80 (52.98%) 38 (65.52%)

  Non-Hispanic Black 327 (10.36%) 110 (11.93%) 45 (12.16%) 22 (14.57%) 3 (5.17%)

  Non-Hispanic Asian 160 (5.07%) 30 (3.25%) 7 (1.89%) 6 (3.97%) 0 (0.00%)

  Other Race—Including Multi-Racial 181 (5.74%) 69 (7.48%) 33 (8.92%) 15 (9.93%) 6 (10.34%)

Education level (%) < 0.001

  Less than 9th grade 88 (2.79%) 32 (3.47%) 13 (3.51%) 11 (7.28%) 2 (3.45%)

  9-11th grade (Includes 12th grade 
with no diploma)

202 (6.40%) 68 (7.38%) 24 (6.49%) 23 (15.23%) 8 (13.79%)

  High school graduate/GED or equiva-
lent

616 (19.52%) 183 (19.85%) 95 (25.68%) 36 (23.84%) 11 (18.97%)

  Some college or AA degree 913 (28.94%) 318 (34.49%) 138 (37.30%) 56 (37.09%) 25 (43.10%)

  College graduate or above 1336 (42.35%) 321 (34.82%) 100 (27.03%) 25 (16.56%) 12 (20.69%)

Marital status (%) < 0.001

  Married/Living with partner 1905 (60.38%) 415 (45.01%) 154 (41.62%) 50 (33.11%) 12 (20.69%)

  Widowed/Divorced/Separated 723 (22.92%) 275 (29.83%) 106 (28.65%) 41 (27.15%) 25 (43.10%)

  Never married 527 (16.70%) 232 (25.16%) 110 (29.73%) 60 (39.74%) 21 (36.21%)

Family monthly poverty level category < 0.001

  Monthly poverty level index <  = 1.30 570 (18.07%) 237 (25.70%) 141 (38.11%) 66 (43.71%) 20 (34.48%)

  1.30 < Monthly poverty level index 
<  = 1.85

388 (12.30%) 145 (15.73%) 59 (15.95%) 29 (19.21%) 8 (13.79%)

  Monthly poverty level index > 1.85 2197 (69.64%) 540 (58.57%) 170 (45.95%) 56 (37.09%) 30 (51.72%)

BMI (kg/m2) 29.24 ± 6.67 30.89 ± 8.03 31.31 ± 8.75 32.22 ± 8.90 29.92 ± 7.94 < 0.001

  Underweight 33 (1.05%) 12 (1.30%) 10 (2.70%) 3 (1.99%) 3 (5.17%)

  Normal weight 827 (26.21%) 227 (24.62%) 82 (22.16%) 25 (16.56%) 13 (22.41%)

  Overweight 1097 (34.77%) 238 (25.81%) 98 (26.49%) 44 (29.14%) 19 (32.76%)

  Obese 1198 (37.97%) 445 (48.26%) 180 (48.65%) 79 (52.32%) 23 (39.66%)

Weekday sleep duration(hours) 7.72 ± 1.34 7.67 ± 1.71 7.45 ± 1.94 7.64 ± 2.46 7.22 ± 2.13 0.004

Weekend sleep duration(hours) 8.22 ± 1.48 8.27 ± 1.81 8.12 ± 2.05 8.23 ± 2.50 7.95 ± 2.01 0.423

CUS ratio 1.08 ± 0.20 1.10 ± 0.24 1.13 ± 0.43 1.11 ± 0.28 1.15 ± 0.37 < 0.001

Drinking (%) < 0.001

  Never 283 (8.97%) 58 (6.29%) 26 (7.03%) 21 (13.91%) 5 (8.62%)

  Former 469 (14.87%) 146 (15.84%) 66 (17.84%) 30 (19.87%) 8 (13.79%)

  Mild 1299 (41.17%) 276 (29.93%) 92 (24.86%) 34 (22.52%) 15 (25.86%)

  Moderate 569 (18.03%) 218 (23.64%) 84 (22.70%) 21 (13.91%) 11 (18.97%)

  Heavy 535 (16.96%) 224 (24.30%) 102 (27.57%) 45 (29.80%) 19 (32.76%)

Smoke (%) < 0.001

  No 1940 (61.49%) 482 (52.28%) 192 (51.89%) 80 (52.98%) 25 (43.10%)

  Yes 1215 (38.51%) 440 (47.72%) 178 (48.11%) 71 (47.02%) 33 (56.90%)

Diabetes (%) < 0.001

  No 2678 (84.88%) 765 (82.97%) 289 (78.11%) 111 (73.51%) 47 (81.03%)

  Yes 477 (15.12%) 157 (17.03%) 81 (21.89%) 40 (26.49%) 11 (18.97%)
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0.0011), indicating a significant relationship between the 
CUS ratio and depression risk.

Table 4 presents the association between the CUS ratio 
and the severity of depressive symptoms (no depressive 
symptoms, mild depression, moderate depression, mod-
erate-to-severe depression, and severe depression). In the 
unadjusted model, the CUS ratio was significantly posi-
tively associated with depression severity (β = 0.25, 95% 
CI: 0.15, 0.36, p < 0.0001). After controlling for demo-
graphic, clinical, and lifestyle factors, this association 
remained significant in the fully adjusted model (Model 
3) (Aβ = 0.19, 95% CI: 0.09, 0.28, p = 0.0002), indicat-
ing a significant relationship between the CUS ratio and 
depression severity.

Smoothing curve fitting and threshold effect analysis
Smoothing curve fitting based on Model 3 further 
revealed a nonlinear relationship between the CUS ratio 
and depression symptoms (PHQ-9 score of 10 or higher), 
as shown in Fig. 2a. To further elucidate this relationship, 
a threshold effect analysis was conducted (Table 5). The 
threshold analysis identified the inflection point of the 
CUS ratio as 1.11 (likelihood ratio test, p < 0.001). When 

the ratio was below 1.11, each unit increase in the ratio 
was associated with a 66% reduction in depression risk 
(AOR = 0.34, 95% CI: 0.13, 0.89, p = 0.0237). However, 
when the ratio exceeded 1.11, each unit increase was 
associated with a 187% increase in depression risk (AOR 
= 2.87, 95% CI: 1.84, 4.50, p < 0.0001).

Figure  2b shows the nonlinear relationship between 
the CUS ratio and the severity of depressive symptoms 
(no depressive symptoms, mild depression, moderate 
depression, moderate-to-severe depression, and severe 
depression). The threshold effect analysis (Table  5) also 
identified the inflection point of the CUS ratio as 1.11 
(likelihood ratio test, p < 0.001). When the ratio was 
below 1.11, each unit increase was associated with a 0.35 
unit decrease in depression severity (Aβ = −0.35, 95% 
CI: −0.62, −0.09, p = 0.0098). However, when the ratio 
exceeded 1.11, each unit increase was associated with a 
0.36 unit increase in depression severity (Aβ = 0.36, 95% 
CI: 0.24, 0.49, p < 0.0001).

These findings highlight the importance of consider-
ing threshold effects in the relationship between the CUS 
ratio and both depression risk and severity.

Table 2  (continued)

Characteristics No 
depressive 
symptoms

Mild depression Moderate depression Moderate-
to-severe 
depression

Severe depression P-value

PHQ-9 score 1.42 ± 1.37 6.58 ± 1.35 11.54 ± 1.36 16.76 ± 1.43 21.91 ± 1.68 < 0.001

Mental health history (%) < 0.001

  No 2860 (90.65%) 704 (76.36%) 244 (65.95%) 91 (60.26%) 24 (41.38%)

  Yes 295 (9.35%) 218 (23.64%) 126 (34.05%) 60 (39.74%) 34 (58.62%)

Table 3  The association between CUS ratio and depression (PHQ-9 score of 10 or higher) in a multiple logistics regression model

Model 1 adjust for: None

Model 2 adjust for: Sex; Age; Ethnicity

Model 3 adjust for: Sex; Age; Ethnicity; Education level; Marital status; Family monthly poverty level category; BMI; Drinking; Diabetes; Smoke; Mental health history

Character Model 1 Model 2 Model 3

OR(95%CI) p AOR(95%CI) p AOR(95%CI) p

CUS ratio 1.92 (1.39, 2.64) < 0.0001 1.51 (1.11, 2.06) 0.0096 1.75 (1.25, 2.45) 0.0011

Table 4  The association between CUS ratio and the severity of depressive symptoms in a multiple logistics regression model

Model 1 adjust for: None

Model 2 adjust for: Sex; Age; Ethnicity

Model 3 adjust for: Sex; Age; Ethnicity; Education level; Marital status; Family monthly poverty level category; BMI; Drinking; Diabetes; Smoke; Mental health history

Character Model 1 Model 2 Model 3

β(95%CI) p Aβ(95%CI) p Aβ(95%CI) p

CUS ratio 0.25 (0.15, 0.36) < 0.0001 0.15 (0.04, 0.25) 0.0053 0.19 (0.09, 0.28) 0.0002
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Subgroup analysis
To assess the consistency of the relationship between the 
CUS ratio and depression across different population 
subgroups, we conducted a subgroup analysis (Fig.  3). 
For depression risk, defined as a PHQ-9 score of 10 or 
higher, the results showed no significant interactions 
in subgroups stratified by age, gender, race, marital sta-
tus, household income, weekend sleep duration, alcohol 
consumption, and smoking history (P for interaction 
> 0.05). This suggests that the findings from the over-
all population are robust, with a significant association 
between the CUS ratio and depression. However, signifi-
cant interactions were observed between education level, 
BMI category, diabetes history, and the CUS ratio (P for 
interaction < 0.05). Subgroup analysis identified specific 
groups—those with education levels of “Less than 9th 
grade” or “Some college or AA degree,” individuals who 
are overweight (25 ≤ BMI < 30), and those without a his-
tory of diabetes—where a significant association between 
the CUS ratio and depression was found.

For the severity of depressive symptoms, defined as 
no depressive symptoms, mild depression, moderate 

depression, moderate-to-severe depression, and severe 
depression, the results showed no significant interactions 
in subgroups stratified by age, gender, race, education 
level, marital status, household income, BMI category, 
weekday sleep duration, alcohol consumption, and smok-
ing history (P for interaction > 0.05). This further sup-
ports the reliability of the overall findings. However, 
significant interactions were observed between diabetes 
history and the CUS ratio (P for interaction < 0.05). Sub-
group analysis revealed that individuals without a history 
of diabetes had a significant association between the CUS 
ratio and depression.

Mental health history was not included in the subgroup 
analysis to avoid potential collinearity with depression 
status itself, ensuring that the focus remained on other 
socio-demographic and lifestyle factors that could influ-
ence depression risk.

Discussion
This study, based on a nationally representative sample 
from the NHANES 2021–2023, used the CUS ratio as the 
exposure factor to systematically explore the relationship 

Fig. 2  The smoothing curve fitting results of CUS ratio and Depression. a A non-linear relationship between the CUS ratio and depression 
symptoms (PHQ-9 score of 10 or higher) was identified using the generalized additive model. b A non-linear relationship between the CUS ratio 
and the severity of depressive symptoms (no depressive symptoms, mild depression, moderate depression, moderate-to-severe depression, 
and severe depression) was also identified. CUS ratio = average weekend sleep duration/average weekday sleep duration. The solid red line 
represents the smoothed curve fit, while the blue dotted lines indicate the 95% confidence interval

Table 5  Threshold effect analyses of CUS ratio on depression in adults using two-stage logistic regression models in NHANES, 
2021–2023

Sex; Age; Ethnicity; Education level; Marital status; Family monthly poverty level category; BMI; Drinking; Diabetes; Smoke; Mental health history were adjusted

Threshold effect analysis Depression (PHQ-9 score of 10 or higher) The severity of depressive symptoms
AOR (95%CI), p-value Aβ (95%CI), p-value

Inflection point of LAP (K) 1.11 1.11

< K slope 0.34 (0.13, 0.89), 0.0273 −0.35 (−0.62, −0.09), 0.0098

> K slope 2.87 (1.84, 4.50), < 0.0001 0.36 (0.24, 0.49), < 0.0001

Log-likelihood ratio test < 0.001 < 0.001



Page 9 of 15Sun et al. BMC Psychiatry          (2025) 25:641 	

between relative fluctuations in sleep patterns and the 
symptoms of depression, defined as a PHQ-9 score of 10 
or higher. The results revealed a significant positive asso-
ciation between the CUS ratio and depression risk after 
adjusting for demographic, metabolic, and lifestyle con-
founders (AOR = 1.75, 95% CI: 1.25–2.45). Furthermore, 
a nonlinear threshold effect was observed, with an inflec-
tion point at a CUS ratio of 1.11. When the CUS ratio 
was ≤ 1.11, an increase in the CUS ratio was associated 
with a reduction in depression risk (AOR = 0.34, 95% 
CI: 0.13–0.89). However, when the CUS ratio exceeded 
1.11, each unit increase was associated with a significant 
187% increase in depression risk (AOR = 2.87, 95% CI: 
1.84–4.50). These findings suggest that moderate sleep 
compensation may help with sleep recovery, while a CUS 
ratio above the threshold may reflect a disrupted sleep 
pattern, which could be a potential marker for increased 
depression risk. This highlights the importance of main-
taining a balanced sleep duration and avoiding extreme 
fluctuations in sleep patterns.

To further validate the association between the CUS 
ratio and depression, we conducted a sensitivity analysis 

by exploring the relationship between sleep fluctuations 
and the severity of depressive symptoms, categorized 
as no depressive symptoms, mild depression, moder-
ate depression, moderate-to-severe depression, and 
severe depression. This analysis confirmed the findings 
observed for depression risk. Specifically, a significant 
positive association was found between the CUS ratio 
and depression severity (Aβ = 0.19, 95% CI: 0.09–0.28), 
with a similar nonlinear threshold effect at the inflec-
tion point of 1.11. When the CUS ratio was ≤ 1.11, each 
unit increase was associated with a 0.35 unit decrease in 
depression severity (Aβ = −0.35, 95% CI: −0.62, −0.09, 
p = 0.0098). However, when the ratio exceeded 1.11, each 
unit increase was associated with a 0.36 unit increase in 
depression severity (Aβ = 0.36, 95% CI: 0.24, 0.49, p < 
0.0001). These results reinforce the notion that moder-
ate sleep compensation may reduce depression severity, 
while excessive fluctuations in sleep duration may worsen 
symptoms.

In summary, the findings from both the primary anal-
ysis of depression risk and the sensitivity analysis of 
depression severity suggest that the CUS ratio plays a 

Fig. 3  Stratified analyses for the association between CUS ratio and depression. All models were adjusted for 10 risk factors, excluding stratification 
variables, and the interaction significance was assessed using the likelihood ratio test
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significant role in influencing mental health outcomes. 
Moderate sleep compensation appears beneficial for 
reducing both the risk and severity of depression, while 
extreme fluctuations in sleep patterns may exacerbate 
depressive symptoms. These results underscore the 
importance of not only considering total sleep duration 
but also the balance of sleep patterns when managing 
mental health. Personalized sleep management inter-
ventions tailored to individual sleep behaviors, com-
bined with enhanced sleep health education, are crucial 
for improving mental health outcomes and preventing 
depression.

In our subgroup analysis, we further validated the 
robustness of the results obtained from the overall pop-
ulation. When depression symptoms was defined as a 
PHQ-9 score of 10 or higher, we found that certain sub-
groups, including those with education levels of “Less 
than 9th grade” or “Some college or AA degree,” indi-
viduals who are overweight (25 ≤ BMI < 30), and those 
without a history of diabetes, may be more sensitive to 
fluctuations in sleep patterns.Research has shown that 
lower-education individuals are more likely to experi-
ence higher levels of work-related stress [34]. Moreover, 
the improvement in educational attainment is associ-
ated with a decrease in depressive symptoms [35], sug-
gesting that low-education individuals may lack effective 
strategies to cope with stress. In this context, increasing 
weekend sleep duration may be a low-cost, simple, and 
effective way to help them recover energy and regulate 
mood, thereby significantly reducing the risk of depres-
sion. However, while higher education may act as a pro-
tective factor for depression by providing better access 
to healthcare and more stable employment opportuni-
ties, individuals with “Some college or AA degree” ben-
efit less from this protection compared to those with 
a college degree or higher [36]. If they overcompensate 
with sleep, they are more likely to disrupt their biologi-
cal clock, which can lead to imbalances in sleep rhythms 
and increase the risk of depression. In addition, over-
weight individuals often face issues like snoring and sleep 
apnea, which negatively impact their sleep quality [37, 
38]. As a result, an increase in CUS ratio may not allevi-
ate the fatigue caused by physiological factors and could 
instead disrupt their stable sleep patterns, thus increas-
ing the risk of depression. Furthermore, the bidirectional 
relationship between obesity and depression has been 
well-documented, with these conditions interacting in 
a physiological vicious cycle. This cycle involves genetic 
factors, changes in systems regulating homeostasis, and 
brain circuits that integrate emotional regulation [39], 
meaning that the effects of sleep changes may be rela-
tively weaker for this group. Lastly, diabetic patients typi-
cally experience metabolic dysfunction and are already 

at higher risk for sleep deprivation and depression [40]. 
Therefore, fluctuations in the CUS ratio may not have 
a noticeable effect on their depression risk. In contrast, 
non-diabetic individuals, whose metabolic functions are 
generally normal, show greater sensitivity to changes 
in the CUS ratio. This is consistent with the response 
observed in the overall population, and the underlying 
biological mechanisms are also similar.

For the severity of depressive symptoms, defined as 
no depressive symptoms, mild depression, moderate 
depression, moderate-to-severe depression, and severe 
depression, the subgroup analysis identified a significant 
interaction only in individuals without a history of dia-
betes. No significant interaction was observed between 
education level, BMI category, and the CUS ratio. This 
discrepancy may be explained by the fact that differ-
ent grouping methods can lead to varying interactions. 
The simplified binary classification (depressed vs. non-
depressed) is more likely to reveal significant interactions 
with the CUS ratio. However, when depressive symptoms 
are subdivided into multiple levels, increased sample 
heterogeneity, reduced statistical power, and the vary-
ing biological and psychological mechanisms underlying 
different levels of depression severity may influence the 
ability to detect significant interactions.

The subgroup analysis highlights the need for personal-
ized sleep interventions based on factors such as educa-
tion level, BMI, and diabetes status. For lower-education 
individuals, increasing weekend sleep duration may help 
reduce depression risk by improving mood and energy 
levels. However, for those with some college education, 
excessive sleep compensation may disrupt their biologi-
cal clock, increasing depression risk. Overweight individ-
uals, who often suffer from sleep disorders like snoring 
and sleep apnea, may not benefit from increased sleep 
duration and may experience worsened sleep quality and 
higher depression risk. Additionally, for diabetic patients, 
whose depression and sleep disturbances are more closely 
linked to metabolic dysfunction, fluctuations in sleep 
patterns may have a limited impact. Given these findings, 
personalized sleep management interventions are crucial. 
Furthermore, sleep health education should be strength-
ened to help these groups understand the importance of 
maintaining regular sleep schedules and moderate week-
end sleep compensation for better mental health.

Previous research on weekend catch-up sleep aligns 
with the findings of this study, both suggesting that mod-
erate weekend catch-up sleep is associated with a lower 
risk of depression. For example, studies by Le et al. [15] 
and Liu et al. [41], based on NHANES 2017–2020 data, 
found that 1 to 2  h of weekend catch-up sleep was sig-
nificantly associated with a reduced incidence of depres-
sion (OR = 0.74, 95% CI: 0.55–0.99; OR = 0.22, 95% CI: 
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0.08–0.59). Similarly, Kim et  al.’s [21] analysis of data 
from the 2016 Seventh Korean National Health and 
Nutrition Examination Survey concluded that individuals 
who had 1 to 2 h of weekend catch-up sleep experienced 
a significantly lower depression risk (OR = 0.517, 95% CI: 
0.309–0.865). Likewise, Li et  al. [42] conducted a study 
with 44,356 middle school students in a district of Shen-
zhen, China, and found that 0–2 h of weekend catch-up 
sleep was significantly associated with a reduced risk of 
mental health symptoms (weekday sleep duration < 8 h: 
OR = 0.74, 95% CI: 0.61–0.91; weekday sleep duration 
≥ 8 h: OR = 0.69, 95% CI: 0.57–0.82). However, unlike 
previous studies based on CUS, this study standardized 
the weekday sleep baseline using the CUS ratio model, 
addressing the limitations of traditional difference indica-
tors that overlook individual heterogeneity. For example, 
the physiological significance of the same sleep difference 
varies between short sleepers and long sleepers, meaning 
that models based solely on differences may not accu-
rately reflect an individual’s true situation. This provides 
a fresh perspective on understanding the potential pro-
tective effect of weekend catch-up sleep on depression 
and, through a more precise model, highlights the com-
plex relationship between catch-up sleep duration and 
depression risk. These findings offer valuable insights for 
developing sleep management strategies in clinical and 
public health interventions in the future.

At the same time, some scholars have offered different 
perspectives on the extent of weekend catch-up sleep. 
Zheng et  al. [43], in their analysis of NHANES 2017–
2018 data, suggested that depression treatment should 
encourage patients to get adequate sleep on weekends. 
Similarly, Koo et al. [44], in a study of 8,655 high school 
students from 15 regions in South Korea, found that 
weekend catch-up sleep lasting 2 h or more could lower 
the risk of depression. However, in contrast to these 
“absolute sleep duration recommendations” based on 
earlier data (such as from 2016 or 2017–2018), this study 
utilized more recent data from 2021–2023. Given the 
fast-paced changes in society and sleep patterns in the 
post-pandemic era, this data is more in line with current 
realities.The results suggest that simply extending week-
end sleep duration (e.g., ≥ 2 h) may mislead intervention 
strategies by neglecting individual baseline differences. 
Therefore, this study proposes that more effective inter-
ventions should focus on controlling the CUS ratio. 
Combining threshold effect analysis, the relationship 
between the CUS ratio and depression risk is not a lin-
ear increase. A CUS ratio between 1 and 1.11 may repre-
sent a more universal “safe window,” which helps reduce 
depression risk. For instance, if weekday sleep is 7  h, 
weekend sleep should not exceed 7.8 h, keeping the ratio 
under 1.11. This phenomenon may be related to tolerance 

for circadian rhythm gene phase [45–47] shifts or the 
diminishing marginal returns of compensatory sleep [48]. 
It also suggests that while CUS can provide short-term 
relief, it cannot replace long-term, sufficient sleep [42].

In addition to the above, although increasing sleep 
duration has consistently been shown to improve mental 
health outcomes, extending sleep beyond habitual pat-
terns may also lead to a decrease in steady-state sleep 
drive, resulting in reduced sleep efficiency [49]. This 
highlights the complexity of sleep interventions, as sim-
ply increasing sleep duration does not necessarily lead 
to improvements in sleep quality or mental health. Fur-
thermore, the phenomenon of social jetlag, which arises 
from irregular weekend catch-up sleep, has become a 
key consideration in sleep and mental health research. 
Studies have shown that social jetlag can contribute to 
mental health problems, particularly depression, among 
young people. This effect is more pronounced in females 
and individuals living in high-latitude regions [50]. Given 
these factors, the current study focuses on fluctuations in 
sleep patterns throughout the week, rather than solely on 
total sleep duration. By considering both sleep consist-
ency and timing, this study helps mitigate the potential 
risks of irregular sleep patterns while also emphasizing 
the potential benefits of weekend catch-up sleep within 
a more nuanced.

The interaction between sleep and depression involves 
various complex biological mechanisms, potentially 
linked to inflammation, biochemical pathways, genetic 
factors, circadian rhythms, and the regulation of nerv-
ous system functions. Research suggests that poor sleep 
quality may activate the inflammatory response, alter-
ing the levels of inflammatory markers such as base-
line C-reactive protein (CRP), interleukin-6 (IL-6), and 
soluble tumor necrosis factor receptor 1 (sTNF-αR1). 
These changes could be key factors in increasing the risk 
of depression [51–53]. Sleep disorders are commonly 
associated with depression, and this disorder is closely 
related to an increase in the percentage of effector mem-
ory CD8 + T cells and a decrease in the percentage of 
CD56 + CD16-NKC cells. The dysregulation of immune 
markers is considered a potential mechanism by which 
insomnia triggers depression risk [54, 55]. Genome-wide 
association studies (GWAS) based on large datasets have 
deeply explored the genetic pathways, tissues, and cell 
types associated with insomnia, revealing a significant 
genetic correlation between depression and sleep dura-
tion [56, 57]. The circadian rhythm system plays a central 
role in regulating the duration, structure, and continuity 
of the sleep–wake cycle, and irregular sleep patterns have 
been clearly identified as a risk factor for depression. 
In animal experiments, subjects displayed hyperactive 
behavioral traits such as excessive movement, aggression, 
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and stereotypic behavior, accompanied by a decrease in 
mitochondrial enzyme activity, reduced serotonin levels, 
and increased oxidative stress and inflammation mark-
ers in the whole brain homogenate. These changes col-
lectively contributed to the occurrence of depression-like 
behaviors [42, 58, 59]. Furthermore, insufficient sleep 
may also have potentially harmful long-term effects on 
white matter development and internalization issues, 
leading to activation of the prefrontal cortex and further 
increasing the risk of depression [60, 61]. As one of the 
most pressing issues facing people today, insufficient 
sleep has a broad impact on public health. Studies have 
confirmed that CUS positively affects health [43, 62–64], 
and also has a beneficial effect on depressive states [15, 
21, 41, 42, 44]. This study standardized the workday sleep 
baseline using the CUS ratio model and found a nonlin-
ear threshold effect (the turning point at 1.11), revealing a 
more universal “safe window” (1 < CUS ratio < 1.11). This 
finding more precisely elucidates the complex relation-
ship between sleep duration and depression risk, provid-
ing new insights into sleep management and depression 
prevention.

Advantages and limitations
This study used the CUS ratio model to reveal a signifi-
cant non-linear threshold effect (turning point at 1.11) 
between sleep patterns and depression risk. This new 
finding provides valuable insights into how fluctuations in 
sleep duration affect mental health, especially depression. 
The study used the most recent 2021–2023 NHANES 
data, ensuring the timeliness and real-world relevance of 
the results. Additionally, this study controlled for a range 
of demographic, metabolic, and lifestyle confounders 
and conducted sensitivity analyses using both depres-
sion symptoms and the severity of depressive symptoms, 
enhancing the reliability and robustness of the conclu-
sions. Subgroup analyses also yielded consistent results, 
emphasizing the importance of tailoring sleep interven-
tions based on factors such as education level, BMI, and 
diabetes status.

Regarding the public health application of the CUS 
ratio of 1.11, the findings suggest that this threshold 
can serve as an important reference for public health 
interventions, particularly when developing personal-
ized sleep health strategies. Public health policies could 
consider incorporating this threshold into sleep health 
assessments and provide tailored interventions for differ-
ent groups, such as those with education levels of “Less 
than 9th grade” or “Some college or AA degree,” individ-
uals who are overweight (25 ≤ BMI < 30), and those with-
out a history of diabetes. Clinicians can use this threshold 
to help identify patients at higher risk of depression and 
recommend that patients with irregular sleep patterns 

make moderate adjustments to their weekend sleep with-
out overcompensating, thus reducing depression risk. 
Additionally, schools can design reasonable sleep man-
agement and health intervention programs, especially 
for younger or academically stressed students. Human 
resources departments can promote sleep health edu-
cation among the workforce, reminding employees to 
maintain sleep regularity to reduce health problems and 
improve work efficiency.

Although this study provides important insights, sev-
eral limitations should be considered. First, the cross-
sectional design of the study prevents causal inference, 
meaning that the relationship between sleep patterns 
and depression risk cannot be definitively established 
as causal. However, previous research has identified a 
bidirectional relationship between sleep duration and 
depression, with short sleep duration being a risk factor 
for both the onset and recurrence of depression [65]. 
Furthermore, studies have indicated that sleep disor-
ders and depression can predict each other, and emo-
tion regulation deficits may play a key role in breaking 
the cycle between sleep disorders and depression [66]. 
Second, due to the inherent limitations of the data-
base, this study relied on self-reported sleep duration, 
which may introduce recall bias and affect the accuracy 
of the data. However, steps were taken to mitigate this 
bias. Specifically, we removed missing data, excluded 
extreme outliers in self-reported sleep duration, and 
applied three multivariable logistic regression models. 
Despite these efforts, the limitations of self-reported 
data should still be acknowledged. Additionally, the 
NHANES data is collected year-round, making it diffi-
cult to determine whether the CUS ratio remains sta-
ble across different seasons, which is another limitation 
of the database. Third, the exclusion of other potential 
confounding factors, such as social stress, occupational 
type, and sleep disorders, limits the comprehensive-
ness of the conclusions. Caution should be exercised 
when generalizing these findings to different cultural 
contexts or high-pressure social groups. Fourth, due to 
the limitations of the database, important factors such 
as occupational stress and sleep disorders (e.g., insom-
nia, obstructive sleep apnea [OSA]) were not included 
in this study. We plan to explore these relationships 
more thoroughly in future research through prospec-
tive cohort studies to better understand the effects of 
these factors on depression and sleep patterns. Fifth, 
while this study focused on depression, it did not 
explore the significant comorbidity between depression 
and anxiety. Many of the observed effects may not be 
solely attributed to depression but could also be linked 
to common features of anxiety. Previous studies have 
shown that the unique component of depression (such 
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as anhedonia, i.e., low positive affect) may capture dif-
ferent emotional and cognitive outcomes compared to 
the overlapping symptoms of depression and anxiety 
(e.g., general distress, i.e., elevated negative affect) [67]. 
Furthermore, anxiety-specific symptoms are closely 
related to cognitive functions, such as memory impair-
ments. Improving sleep quality and increasing sleep 
duration may help alleviate learning disabilities in indi-
viduals with more severe anxiety symptoms [68]. Future 
research will aim to integrate more objective sleep 
measurement methods, such as activity trackers, and 
explore biological mediators (e.g., melatonin, inflam-
matory markers) through prospective cohort studies to 
further investigate the mechanisms linking sleep dura-
tion and depression and to validate our findings.Addi-
tionally, future studies will explore the impact of the 
CUS ratio on both depression and anxiety symptoms to 
determine whether the effects are unique or similar.

Conclusion
This study reveals the non-linear relationship between 
the CUS ratio and depression risk, finding that when the 
CUS ratio exceeds 1.11, an imbalance in sleep patterns 
significantly increases the risk of depression. Moderate 
sleep supplementation is associated with a reduction in 
depression risk, while excessive sleep supplementation 
may be linked to an increased risk of depression (the “safe 
window”: 1 < CUS ratio < 1.11). The study suggests that a 
reasonable balance in sleep duration is crucial for men-
tal health and advocates for incorporating the CUS ratio 
threshold into depression prevention strategies, with a 
focus on maintaining circadian rhythm stability rather 
than a uniform sleep duration target. Future research 
should use longitudinal designs and circadian biomark-
ers to verify causal relationships, optimizing precise sleep 
interventions.
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