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A B S T R A C T   

Background: Evidence of an association between sleep duration and depression was inconsistent. 
Methods: Adults who participated in the National Health and Nutrition Examination Survey (NHANES) from 2009 
to 2016 were included. Multivariable logistic regression was used to evaluate the association between sleep 
duration and depression. 
Results: Among the 25,962 participants (mean age 48.1 years; 49.2% male) in this study, 23,636 had a depression 
score <10 and 2,326 had a depression score ≥ 10. After adjustment for gender, age, race/ethnicity, education, 
marital status, and annual family income, BMI, alcohol status, and smoking status, hypertension, diabetes, 
dyslipidemia, work activity, and physical activity risk factors, participants who had short sleep duration had odds 
ratios (OR) of 1.86 (95% confidence interval 1.59, 2.17) and participants who had long sleep duration had OR of 
1.49 (95% confidence interval 1.22, 1.83) for incident depression. Further analysis revealed a U-shaped asso
ciation between sleep duration and incident depression. When sleep duration < 8 hours, increased sleep duration 
is associated with a significantly lower risk of incident depression (OR = 0.68 [95% CI 0.64, 0.71], P < 0.001). 
When sleep duration ≥ 8 hours, the risk of depression increased significantly with an increase in sleep duration 
(OR = 1.32 [95%CI 1.23, 1.41], P < 0.001). 
Conclusions: Sleep duration were independently associated with a higher incident depression. Not only insuffi
cient sleep but excessive sleep also increase the risk of depression.   

1. Introduction 

Depression is a common and disabling psychiatric condition world
wide. It continue to be a global burden affecting approximately 300 
million people worldwide(Patel et al., 2016). It represents a significant 
obstacle to sustainable development in large parts of the world(Lund 
et al., 2018). Depression holding people back from their full potential, 
losses of investment in human capital, and is implicated in premature 
mortality from suicide and other disease(Patel et al., 2016). Neverthe
less, little study has been designed to investigate the positive factor in 
the prevention of depression, and it still have been challenging. 

Sleep is fundamental to a person’s emotional and physical health. In 
general, optimal sleep duration connected with subjective well-being 
and mental health is 7 to 9 hours(Hirshkowitz et al., 2015). Notably, 
only 48% of adults in the US reported a habitual sleep time falling within 
this range(Covassin and Singh, 2016). Over the past decades, the similar 
trends of gradually decreases in sleep duration observed in multiple 

Western countries(Bin et al., 2012). 
As we know, poor sleeping habits will bring some unhealthy effects. 

The relationship between sleep duration and health related conditions 
has been observed in several epidemiological studies, such as cardio
vascular events(Daghlas et al., 2019; Tobaldini et al., 2019; Huang et al., 
2020), mental disorders(Faulkner et al., 2019; Paksarian et al., 2020), 
and mortality(Wang et al., 2019; Butler et al., 2019). So far, the role of 
sleep duration in the development of depression has been conducted to 
investigate in many studies. Most studies seem to have consistently 
concluded that short sleep duration is a risk factor for depression. 
However, the role of long sleep duration in the development of 
depression is still controversial. This study mainly explores the rela
tionship between sleep duration in weekdays (both insufficient and 
excessive sleep) and depression, to minimize the incident of depression 
to a certain extent. 
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2. Methods 

2.1. Study population 

The National Center for Health Statistics ethics review board 
approved the National Health and Nutrition Examination Survey 
(NHANES) protocols with the written informed consent of all partici
pants. In accordance with National Institutes of Health policy, such 
analysis involving de-identified data that was not directly in contact 
with participants was not considered human subjects study and was not 
subject to institutional review board review. 

NHANES are representative cross-sectional surveys designed by the 
National Center for Health Statistics (NCHS)(Johnson et al., 2014). We 
acquired data of adult participants ( ≥ 18 years) form NHANES III 
2009-2016. We excluded participants without depression score and 
sleep duration information. Finally, 25,962 participants were analyzed 
(Fig. 1). 

2.2. Measurement 

2.2.1. Outcome ascertainment 
The outcome of depression was assessed with the Patient Health 

Questionnaire (PHQ-9). This short screening questionnaire is an effec
tive tool for evaluating depression. It scores the signs and symptoms of 
depression in the 9 Diagnostic Statistical Manual of Mental Disorders 
from "0" (not at all) to "3" (nearly every day)(Kroenke et al., 2001). The 
PHQ score for each participant is the sum of all answers to the PHQ 
question (range 0-27). PHQ-9 is a valid criteria instrument based on 
DSM-V. From a possible total score of 27, cut-off point ≥ 10 showed a 
sensitivity of diagnosing major depression is 88% and the specificity is 
88%(Kroenke et al., 2001). Therefore, we divided the participants’ 
PHQ-9 scores into < 10 (no depression) and ≥ 10 (depression). 

2.2.2. Exposure measurement 
Sleep duration on usual weekday or workday was self-reported by 

participants. In 2009-2014, sleep duration was created from a question 
asked to NHANES participants about the participants’ routinely sleep 
hours: “How much sleep do you get (hours)?” In the 2015-2016 cycle, 
sleep duration was created from a question: “How much sleep do you 
usually get at night on weekdays or workdays?” Sleep duration was 
categorized as < 7 hours, 7 to 9 hours, and ≥ 9 hours. 

2.2.3. Covariate assessment 
The selection of covariates is based on previous literature and sub

stantive reasoning. Standardized questionnaires were used to collect 
information on age, sex, race/ethnicity, education, marital status, 
annual family income, smoking status, alcoholic intake, work activity 
and physical activity. Race/ethnicity was categorized as Mexican 
American, other Hispanic, non-Hispanic white, non-Hispanic black, or 
other. Education was classified as less than 9th grade, 9-11th grade, high 
school graduate or equivalent, some college or AA degree, and college 
graduate or above. Marital status was categorized as married, widowed, 
divorced, separated, never married, and living with partner. Participants 
were categorized as past smokers, and current smokers based on their 
responses to questions about smoking at least 100 cigarettes during their 
lifetime and whether they were currently smoking. Alcohol status was 
created from a question: “Had at least 12 alcohol drinks a year?” For 
work activity, inactive group was defined as those who did not report 
leisure time work activity, the moderate and vigorous activity groups 
were created based on a questions: “Does your work involve moderate- 
intensity activity that causes small increases in breathing or heart rate 
such as brisk walking or carrying light loads for at least 10 minutes 
continuously?” and “Does your work involve vigorous-intensity activity 
that causes large increases in breathing or heart rate like carrying or 
lifting heavy loads, digging or construction work for at least 10 minutes 
continuously?” respectively. For physical activity, the inactive group 
was defined as those with no reported leisure time physical activity, the 
moderate and vigorous activity groups were created from a questions: 
“In a typical week do you do any moderate-intensity sports, fitness, or 
recreational activities that cause a small increase in breathing or heart 

Fig. 1. Participants inclusion flowchart (National Health and Nutrition Examination Survey [NHANES]).  
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rate such as brisk walking, bicycling, swimming, or volleyball for at least 
10 minutes continuously?” and “In a typical week do you do any 
vigorous-intensity sports, fitness, or recreational activities that cause 
large increases in breathing or heart rate like running or basketball for at 
least 10 minutes continuously?” respectively. 

The height, weight, and blood pressure were measured in accordance 
with standardized protocols. Body mass index (BMI) was calculated by 
dividing weight in kilograms by height in meters squared (kg/m2). Ac
cording to the 2017 American College of Cardiology/American Heart 
Association hypertension guidelines, hypertension was defined as being 
currently taking antihypertensive drugs, or if not, having systolic blood 
pressure level ≥ 130 mmHg and/or diastolic blood pressure level ≥ 80 
mmHg(Whelton et al., 2018). Diabetes was defined as having been 
diagnosed with diabetes or currently taking insulin or taking diabetes 
pills, or having a hemoglobin A1c level ≥ 6.5% or fasting plasma glucose 
level ≥ 126 mg/dl(Menke et al., 2015). Prediabetes was defined as the 
absence of diabetes but a hemoglobin A1c level of 5.7% to 6.4%, a fasting 
plasma glucose level of 100 mg/dl to 125 mg/dl, or a 2-hour plasma 
glucose level of 140 mg/dl to 199 mg/dl(Menke et al., 2015). Dyslipi
demia was defined as having a doctor’s diagnosis or currently taking 
cholesterol-lowering drugs, or having a triglyceride level ≥ 150 mg/dl 
or high-density lipoprotein cholesterol level <40 mg/dl based on rec
ommendations by the National Cholesterol Education Program Adult 
Treatment Panel III (Dipak, 2002). 

2.3. Statistical analysis 

Data are expressed as mean ± standard deviation (SD) of continuous 
variables and frequency or percentage of categorical variables. For 
baseline characteristics analysis, the statistical differences between 
depression score < 10 and depression score ≥ 10 were tested with one- 
way ANOVA for continuous variables and chi-square test for categorical 
variables. Odds ratios (ORs) and 95% CIs were calculated for incident 
depression with sleep using Logistic regression models. We used unad
justed and multivariate adjusted models. In this study, the Logistic 
models were adjusted for sex, age, race, education, marital status, and 
annual family income, BMI, alcohol status, and smoking status, hyper
tension, diabetes, dyslipidemia, work activity, and Physical activity. 
Tests for trend were conducted with linear regression by dividing sleep 
duration into three groups ( < 7 hours, 7 to 9 hours, and ≥ 9 hours) as a 
continuous variable in the models. 

A generalized additive model was used to evaluate the nonlinear 
relationship between sleep duration and incident depression. Based on 
the smoothing curve, we further developed a two-piecewise linear 
regression model to identify the threshold effect and adjust for potential 
confounders. The threshold level of sleep duration was determined using 
a recurrence method, including selecting the turning point along a 
predefined interval and choosing the turning point that yielded the 
maximum likelihood model. A log-likelihood ratio test was used to 
compare the two-piecewise linear regression model with the one-line 
linear model. 

All the analyses were performed with the statistical software pack
ages R (http://www.R-project.org, The R Foundation) and Free Statis
tics software versions 1.2. A two-sided P value <0.05 was considered to 
be statistically significant. 

3. Results 

Among the 25,962 participants from the study, 12,764 male and 
13,198 female were recruited. Participants with higher PHQ-9 scores 
were more likely to be female, low annual family income, smokers, non- 
hypertensive, non-diabetic, non-hyperlipidemic and to drink more 
alcohol. Short sleep duration patients have higher PHQ-9 scores. The 
subjects’ baseline characteristics are summarized in Table 1. 

Table 2 presents the association between sleep duration and 
depression. ORs (95% CI) of depression are presented for short and long 

Table 1 
Baseline characteristics of the study participants.  

Characteristics All participants 
(n = 25962) 

PHQ < 10 
(n =
23636) 

PHQ ≥ 10 
(n =
2326) 

P - 
value 

Male, no. (%) 12764 (49.2) 11916 
(50.4) 

848 (36.5)  

Age (years), Mean ±
SD 

48.1 ± 18.5 48.0 ± 18.7 48.4 ±
17.3 

0.258 

BMI (kg/m2), Mean ±
SD 

29.2 ± 7.1 29.0 ± 6.9 31.1 ± 8.5 <

0.001 
Race/ethnicity, n (%)    <

0.001 
Mexican American 3897 (15.0) 3544 (15) 353 (15.2)  
Other Hispanic 2660 (10.2) 2349 (9.9) 311 (13.4)  
Non-Hispanic White 10301 (39.7) 9350 

(39.6) 
951 (40.9)  

Non-Hispanic Black 5640 (21.7) 5140 
(21.7) 

500 (21.5)  

Other Race 3464 (13.3) 3253 
(13.8) 

211 (9.1)  

Education, n (%)    <

0.001 
Less than 9th grade 2277 ( 9.3) 1968 (8.8) 309 (13.9)  
9-11th grade 3260 (13.3) 2820 

(12.6) 
440 (19.8)  

High school graduate 
or equivalent 

5562 (22.6) 5040 
(22.5) 

522 (23.5)  

Some college or AA 
degree 

7539 (30.7) 6831 
(30.6) 

708 (31.8)  

College graduate or 
above 

5947 (24.2) 5700 
(25.5) 

247 (11.1)  

Marital status, n (%)    <

0.001 
Married 12427 (50.5) 11668 

(52.2) 
759 (34.1)  

Widowed 1891 ( 7.7) 1654 (7.4) 237 (10.6)  
Divorced 2729 (11.1) 2344 

(10.5) 
385 (17.3)  

Separated 838 ( 3.4) 682 (3) 156 (7)  
Never married 4630 (18.8) 4148 

(18.5) 
482 (21.6)  

Living with partner 2076 ( 8.4) 1868 (8.4) 208 (9.3)  
Annual family income 

(dollar), Median 
(IQR) 

7.0 (5.0, 13.0) 7.0 (5.0, 
14.0) 

5.0 (3.0, 
8.0) 

<

0.001 

Smoking status, n (%)    <

0.001 
Current smoking 10896 (42.9) 9575 

(41.4) 
1321 
(57.7)  

Former smokers 14505 (57.1) 13537 
(58.6) 

968 (42.3)  

Alcohol status, n (%)    0.422 
Yes 14619 (70.8) 13291 

(70.7) 
1328 
(71.7)  

No 6020 (29.2) 5495 
(29.3) 

525 (28.3)  

Hypertension, n (%)    <

0.001 
Yes 9144 (35.3) 8042 

(34.1) 
1102 
(47.5)  

No 16783 (64.7) 15564 
(65.9) 

1219 
(52.5)  

Diabetes, n (%)    <

0.001 
Yes 3372 (13.0) 2896 

(12.3) 
476 (20.5)  

No 21933 (84.5) 20152 
(85.3) 

1781 
(76.7)  

Prediabetes 643 (2.5) 578 (2.4) 65 (2.8)  
Dyslipidemia, n (%)    <

0.001 
Yes 8446 (35.6) 7497 

(34.7) 
949 (45.1)  

No 15270 (64.4) 14116 
(65.3) 

1154 
(54.9)  

Work activity, n (%)    0.242 

(continued on next page) 
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sleep duration compared to the mid-range sleep duration category. In 
the non-adjusted model, participants who had short sleep duration had a 
121% increased risk in the odds of the development of depression (OR =
2.21 [95% Cl 1.9, 2.56]), and long sleepers had a 97% increased risk 
compared to participants with normal sleep duration(OR = 1.97 [95% 
CI 1.62, 2.38]). After adjustment for confounding factors in Table 1, the 
odds ratios were 1.86 (1.59, 2.17) and 1.49 (1.22, 1.83) respectively (p 
< 0.001). 

Fig. 2 presents a U-shaped association between incident of depres
sion and sleep duration after adjusting for potential confounding factors. 
The risk of developing depression was negatively correlated with the 
sleep duration until it bottoms out at 8 hours (OR = 0.68 [95% CI 0.647, 
0.713]). However, when the sleep duration was higher than 8 hours, the 
risk of developing depression increased significantly (OR = 1.318 [95% 
CI 1.233, 1.41]). (Table 3) 

In the Fig. 2, the solid line indicates the estimated risk of incident 
depression, and the dotted lines represent point-wise 95% confidence 
interval adjusted for sex, age, race, education, marital status, and annual 
family income, BMI, alcohol status, and smoking status, hypertension, 
diabetes, dyslipidemia, work activity, and physical activity. 

4. Discussion 

In this population-based cross study, sleep duration was found to be 
independent associated with an elevated risk of the incidence of 
depression. We further revealed a nonlinear relationship between sleep 
duration and risk of depression. The relationship was characterized as 
follows: the risk of developing depression increased significantly with an 

extreme sleep duration. The optimal sleep duration in weekdays to 
reduce the risk of depression was 8 hours. Not only short sleep duration, 
but long sleep duration would also increasing incidence of depression. 

Most of the previous researches had examined that short sleep 
duration was significantly associated with increased risk of depression 
(Koo et al., 2021; Berger et al., 2019; Ogawa et al., 2019; Ojio et al., 
2016; Sun et al., 2018). While much is known about the negative health 
implications of insufficient sleep, relatively little pay attention to risks 
associated with excessive sleep. Only few scholars have examined that 
not only short sleep duration, but long sleep duration also increased 
occurrence of depression(Reis et al., 2018). And we got the same 
conclusion as the author. Some scholars believed that long sleep dura
tion did not increase risk of depression(Matsui et al., 2020; Ouyang and 
Sun, 2019). Potential reasons for the conflicting results could be that: (1) 
the potential confounders adjusted for were different in each study ; (2) 
the definition of sleep duration is inconsistent; (3) the age group of 
participants varied from study to study. 

The mechanisms underlying the association between short sleep 
duration and depression may be relative to inflammation. Irwin and 
Opp (2017) suggested that sleep disturbance may increase the vulner
ability to depression by augmenting affective sensitivity to cytokines 
and possibly by altering neural sensitivity to inflammation. Sleep 
disturbance serves as a vulnerability factor and that subsequent expo
sure to heightened inflammatory states such as an infectious challenge 
or psychological stress triggers increase in depressive symptoms. It 
suggested that inflammation might also serve as a vulnerability factor, in 
which subsequent exposure to sleep disturbance triggers increase in 
depressive symptoms(Cho et al., 2016). 

Excessive sleep can also increase the risk of depression. The possible 
mechanisms include: (1) Prolonged time in bed is associated with 
increased sleep fragmentation, wake after sleep onset (WASO) and sleep 
latency(Youngstedt and Kripke, 2004), each occurs when the sleep 
period is interrupted by countless intervals of wakefulness. In particular, 
sleep fragmentation has been linked with a quantity of negative health 
outcomes, including decreased energy and vitality and increased role 
limitations(Bennett et al., 1999). (2) Long sleep duration has been 
correlated to low physical activity, which has been found to be condu
cive in reducing the incidence of depression by increasing the levels of 
neurotransmitters (particularly dopamine and serotonin) and enhancing 
brain aminergic synaptic transmission(Weicker and Struder, 2001), 
increasing the secretion of endorphin(Janal et al., 1984), distracting 
from stressful stimuli(Salmon, 2001), or improving self-efficacy and 
self-esteem. (3) Long sleepers are particularly susceptible to mental 
illness, especially emotional and anxiety problems (Zhai et al., 2015). 
Long sleepers might be more likely to be described as ‘worriers’ and 
were generally not as successful as short sleepers(Patel et al., 2006). 
Long sleepers are more susceptible to a number of stress factors, which 
may be linked to an increase in depression. (4) Long sleep may be caused 
by stress or stressful events. The link between long sleep and depression 
may first be driven by factors that lead to long sleep, such as difficulty 
coping with stress(Zhai et al., 2015). 

The strengths of our research included the relatively large sample 
size, and adjusting the influence of various degrees of work and 

Table 1 (continued ) 

Characteristics All participants 
(n = 25962) 

PHQ < 10 
(n =
23636) 

PHQ ≥ 10 
(n =
2326) 

P - 
value 

Inactive 15308 (59.0) 13910 
(58.9) 

1398 
(60.1)  

Moderate 5497 (21.2) 6896 
(29.2) 

628 (27)  

Vigorous 3129 (12.1) 2829 (12) 300 (12.9)  
Physical activity, n (%)    <

0.001 
Inactive 13205 (50.9) 11614 

(49.1) 
1591 
(68.4)  

Moderate 8634 (33.3) 8093 
(34.2) 

541 (23.3)  

Vigorous 4123 (15.9) 3929 
(16.6) 

194 (8.3)  

Sleep duration on 
weekdays (hours), n 
(%)    

<

0.001 

< 7 8494 (32.7) 7455 
(31.5) 

1039 
(44.7)  

7 - 9 13773 (53.1) 12893 
(54.5) 

880 (37.8)  

≥ 9 3695 (14.2) 3288 
(13.9) 

407 (17.5)  

Abbreviations: BMI, body mass index. PHQ-9: Patient Health Questionnaire-9. 

Table 2 
Association between sleep duration and depression in multiple regression model.   

Non-adjusted Model Model I Model II Model III  
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value 

Sleep duration 0.86 (0.82, 0.90) <0.001 0.86 (0.83, 0.90) <0.001 0.87 (0.84, 0.91) <0.001 0.88 (0.84, 0.91) <0.001 
Hours of Sleep         
< 7 2.21 (1.90, 2.56) <0.001 2.03 (1.74, 2.36) <0.001 1.92 (1.65, 2.24) <0.001 1.86 (1.59, 2.17) <0.001 
7 – 9 Ref  Ref  Ref  Ref  
≥ 9 1.97 (1.62, 2.38) <0.001 1.62 (1.33, 1.97) <0.001 1.57 (1.29, 1.92) <0.001 1.49 (1.22, 1.83) <0.001 

Model I: Adjust for sex, age, race, education, marital status, and annual family income. 
Model II: Adjust for the variables in Model I plus BMI, alcohol status, and smoking status. 
Model III: Adjust for the variables in Model II plus hypertension, diabetes, dyslipidemia, work activity, and Physical activity. 
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recreational activities as the activities was closely related to depression 
(Choi et al., 2019). Our study also has some limitations. Firstly, due to 
the cross-sectional nature of our analysis, we are unable to infer cau
sality from the results. Because the relationship between sleep time and 
depression seems to be bidirectional(Sun et al., 2018), additional study 
is needed to better understanding the extent to which sleep duration 
may determine or is influenced by one’s depression. Furthermore, we 
were incapable of examining the reasons behind why people experience 
short or long sleep or the different types of sleep disorders they expe
rience, because our research included only one program that asked 
about average hours of sleep duration. The different causes of insuffi
cient sleep may further be related to different demographic or person
ality characteristics such as low socioeconomic status or high 
Neuroticism. Further researches on these nuanced factors are needed to 
develop more relevant and effective sleep health interventions. 

In conclusion, sleep duration were independently associated with a 
higher incidence of depression in this cross study based on the National 
Health and Nutrition Examination Survey From 2009 to 2016. Not only 
insufficient sleep but excessive sleep also increase the risk of depression. 
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