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Purpose: The COVID-19 pandemic has had a profound impact on mental health worldwide, with depression and sleep problems
among the most common issues experienced by many individuals. Depression can lead to sleep problems, which can increase the risk
of developing depressive symptoms. However, it is unclear which United States (US) sub-population was most affected by depression
and sleep problems during the pandemic.

Methods: We conducted a secondary analysis using self-reported data from the 2021 National Health Interview Survey (NHIS),
focusing on adults aged 18 years and above (n=29,763). We utilized self-reported responses to questions about prescription medication
and frequency of depressive feelings to determine participants’ depression status. Appropriate weights were applied to account for the
sampling design of the surveys. Our analysis involved descriptive statistics and chi-squared tests to compare sociodemographic,
clinical, behavioral, and sleep-related characteristics between US adults with and without depression. Additionally, logistic regression
was used to examine the associations between sleep duration, sleep quality and depression.

Results: The overall prevalence of depression in our sample was 44.4%. It were higher in certain demographic groups, including
younger adults (18-39 years, 47.7%), non-Hispanic whites (47.9%), females (50.1%), those at the lower income bracket (52.2%),
those with no college or degree (48.7%) uninsured individuals (45.2%), and those reporting poor general health (71.9%). Individuals
with depression had a 12% increased odds of experiencing short sleep (aOR: 1.12, 95% CI:1.04-1.20, p<0.001), 34% increased odds
of experiencing long sleep (aOR: 1.34, 95% CI: 1.20-1.50, p < 0.001) and more than 2.5 fold increased odds of reporting poor sleep
quality (aOR:2.57, 95% CI: 2.40-2.78; p<0.0001). In the multivariate analysis, all variables (sex, race/ethnicity, education, health
insurance coverage, marital status, general health status and use of sleep medications, smoking and alcohol use status) were
significantly predictors of poor sleep quality, with the exceptions of age and family income.

Conclusion: The findings emphasize the need to address sleep health in treating depression, especially during times of public health crises.
Keywords: depression, sleep health, sleep hygiene, sleep disparities, sleep quality, COVID-19

Introduction

The COVID-19 pandemic, declared by the World Health Organization in March 2020, has profoundly impacted global
health, extending beyond the direct effects of the SARS-CoV-2 virus.' In the US, the scenario during the NHIS 2020 was
marked by escalating case numbers, stretching healthcare systems and leading to implementation of varying degrees of
restrictions and lockdowns across different states to curb the virus spread.”® According to the Centers for Disease
Control and Prevention (CDC), by the end of 2020, the US had reported over 20 million cases and more than 350,000
deaths attributed to COVID-19.* To adapt to the evolving conditions and ensure the safety of both respondents and
interviewers, the NHIS adjusted its data collection strategy, transitioning from in-person interviews to an online format,
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an adaptation that was pivotal in the continuity of the survey amidst the pandemic conditions.” While the immediate
physical health impacts have been widely studied, the pandemic’s mental health consequences, specifically depression
and sleep outcomes, are becoming increasingly apparent.® Depression is a pervasive global health issue, affecting over
5% of adults and experiencing a marked increase in incidence over the past decade.” According to the National Institute
of Mental Health (NIMH), an estimated 19.4 million adults in the United States had at least one major depressive episode
in 2019, and the prevalence continue to rise to nearly one in ten Americans by the end of the year.® These trends were
exacerbated by the COVID-19 pandemic, culminating to a more than three-fold increase in the prevalence of depression
among adults, as compared to pre-pandemic levels.'’

Within the US, various studies have specifically focused on distinct demographics such as adolescents and university
students. Collectively, these investigations have found depression prevalence rates averaging 36%, with specific studies
reporting figures ranging from 10% to 48%.''"'5 Studies conducted in China during the lockdown reflect a surge in
mental health issues among university students, with the prevalence of anxiety and depression rising sharply.'®!” The
lockdown, social isolation, and abrupt shift to online learning have heightened interpersonal sensitivity, exacerbating
anxiety and depression levels.'® In addition, another research underlines the grave mental health implications of the
pandemic and lockdown measures.'® These findings echoed in other international contexts, emphasizing the universal
nature of these mental health challenges. Along with depression, sleep, which is also essential for overall well-being and
physical and mental health, has been notably disrupted during the pandemic.'®'® A trend of decreasing sleep duration has
been reported, with almost 70% of adults in the US reporting insufficient sleep for at least one night per month and more
than a third experiencing sleep disturbances, which disproportionately affect non-Hispanic Blacks.”>*' Moreover,
specific to the interaction between depression and sleep quality, another study among postgraduate students in China
during the COVID-19 campus lockdown reveals a significant correlation between interpersonal sensitivity and depres-
sion, mediated and moderated by sleep quality.”? This highlights the intricate interplay between these factors, accent-
uating the need for a comprehensive examination of these dynamics in varied geographical and cultural contexts.

There is also a consequential association between depression and sleep health, where approximately 75% of
individuals diagnosed with depression report sleep difficulties.”® This is a noteworthy association with significant
consequences. However, the extent of this association during the unique circumstances of the COVID-19 pandemic
has not been thoroughly examined on a large scale. Therefore, we used a population-based, nationally representative
dataset, the National Health Interview Survey (NHIS), to examine the relationship between depression and sleep health
during the COVID-19 outbreak.

Our study seeks to extend these insights, exploring the nuanced relationships between depression and sleep health in
the context of the COVID-19 pandemic in the US, drawing parallels and distinctions with international findings. The
outcomes of this study are aimed to contribute significantly to the global discourse on mental health, offering cross-
cultural insights and evidence-based interventions to mitigate the ongoing and post-pandemic mental health crisis.

Materials and Methods

Data Source and Study Sample

We utilized data from the 2021 National Health Interview Survey (NHIS) collected by the National Center for Health
Statistics (NCHS) of the Centers for Disease Control and Prevention (CDC). The NHIS is a cross-sectional survey
conducted annually to collect data through in-person interviews with non-institutionalized civilians in the US using
validated instruments.”**> We used a sample of adults aged 18 years and older with depression (N=29,763 unweighted).
All data for this study were sourced from the National Health Interview Survey (NHIS), with strict adherence to the
privacy and data protection protocols as mandated by the National Center for Health Statistics (NCHS), ensuring
confidentiality and security of participant information through encryption and secure server storage, in compliance
with relevant privacy legislation and NCHS guidelines.?® In accordance with the definition of a “human subject” outlined
in 45 CFR 46.102(c), our research was determined to not involve human subjects.?’ As a result, the study was exempt
from the need for IRB review, approval, or oversight.
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Variables Definition

In our study, the major dependent variables were nightly sleep duration and sleep quality. Sleep duration, measured
through the National Health Interview Survey (NHIS) question “On average, how many hours of sleep do you get in 24
hours?”, was categorized into three levels: short sleep (less than 7 hours), normal sleep (7-8 hours), and long sleep (9
hours or more), based on existing literature.?®

According to a recently published study?® that utilized NHIS data, sleep quality was assessed using a binary variable
based on responses to four NHIS questions: (a) Did you have trouble falling asleep in the past 30 days? (b) Did you have
trouble staying asleep in the past 30 days? (¢) Did you wake up feeling not well-rested in the past 30 days? And (d) Did
you take any medication to help you fall asleep or stay asleep in the past 30 days? The responses were in the form of Yes/
No. If any of the indicators were reported as “Yes”, the overall sleep quality was categorized as poor.

The independent variable in our study is self-reported diagnosis of depression. To assess the current depression status,
we constructed a depression status variable based on the responses to two self-questions. Participants were asked the
following questions: 1. “Do you take prescription medication for depression?” with response options (yes/no). 2. “How
often do you feel depressed?” with response choices including daily, weekly, monthly, a few times a year, or never. It’s
important to note that if participants responded with daily, weekly, monthly, or a few times a year, it was interpreted as
a “Yes” answer. Individuals who answered affirmatively to either of these two questions were classified as having
depression. In the context of this paper, we will use the term “Depression” for brevity. However, it should be noted that
when we refer to “Depression”, we are specifically referencing the “Self-reported diagnosis of depression”.

Other potential confounders and covariates, such as demographic characteristics (age group in years, sex, race/
ethnicity, education, family income, health insurance, and marital status), clinical characteristics (general health status
and use of sleep medications), and behavioral variables of interest (smoking and alcohol use status) were included in our

analysis.

Statistical Analysis
First, we used descriptive statistics and chi-squared tests to examine the differences in the distribution of sociodemo-
graphic, clinical, behavioral, and sleep-associated characteristics among US adults by depression status (Table 1).

Table | Prevalence (Weighted Percentage) of Self-Reported Depression
Among US Adults by Sociodemographic, Behavioral, Clinical, and Sleep
Characteristics, 2021 NHIS

Characteristics Depression Status *p-value

Yes No
Unweighted Sample (n, %) (13,602, 44.4%) | (16,161, 55.6%)

Weighted Proportions
Age Groups <0.0001
18-39 47.7 523
40-64 43.7 56.3
65+ 39.8 60.2
Sex <0.0001
Female 50.1 49.9
Male 383 61.7
(Continued)
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Table 1 (Continued).
Characteristics Depression Status *p-value
Yes No
RacelEthnicity <0.0001
Non-Hispanic White 479 52.1
Hispanic 375 62.5
Non-Hispanic Black 38.0 62.0
Other 39.5 60.5
Education <0.001
Less than high school 43.0 57.0
High school degree 42.7 57.3
Some college, no degree 48.7 51.3
Associate Degree 444 55.6
Bachelor’s degree 43.7 56.3
Master’s degree and higher 444 55.6
Family income ($ per year)
0-34,999 522 47.8 <0.0001
35,000-49,999 454 54.6
50,000-74,999 44.9 55.1
75,000-99,999 41.5 58.5
=100,000 394 60.6
Marital Status <0.0001
Married 394 60.6
Living with a partner(unmarried) 49.7 50.3
Neither 49.9 50.1
General Health Status <0.0001
Excellent 30.6 69.4
Very good 433 56.7
Good 48.6 51.4
Fair 6l.1 389
Poor 719 28.1
Health Insurance Status 0.5325
Covered 443 55.7
Not covered 45.2 54.8
(Continued)
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Table | (Continued).

Characteristics Depression Status *p-value
Yes No

Smoking Status <0.0001

Current 55.0 45.0

Former 474 52.6

Never 41.3 58.7

Alcohol Use Status <0.0001

Current 46.1 53.9

Former 45.2 54.8

Never 342 65.8

Sleep Duration <0.0001

Short sleep (<7 hours) 46.1 53.9

Long sleep (29 hours) 49.2 50.8

Normal sleep (7-8 hours) 39.8 60.2

Poor Sleep Quality <0.0001

Yes 52.0 48.0

No 25.1 74.9

Take Sleep Medications <0.0001

Yes 353 64.7

No 39.8 60.2

Notes: Weighted proportions are row percentages and total proportions reflect column total
*p-value are computed using Chi-squared test.
Abbreviation: NHIS, National Health Interview Survey.

Second, we used multivariable multinomial logistic regression to assess the odds of reporting short or long sleep
compared to normal sleep among those with depression, as summarized in (Table 2).

Next, we used univariable binary logistic regression to examine the association between depression and three
variables related to the quality of sleep (Table 3).

In our analytic approach, we incorporated variables that were identified as statistically significant predictors from the
univariable analyses. Additionally, variables that were biologically and theoretically plausible were considered for
inclusion in the multivariable regression models, ensuring a comprehensive and robust analysis.

Appropriate survey sampling weights provided by the NHIS were used as the basis for all analyses. All statistical
tests were two-tailed, with an alpha less than 0.05 considered statistically significant, and SAS version 9.4 (SAS Institute,
Inc., Cary, NC, USA)*® was used for statistical analysis. All participants provided informed consent at registration, and

the available data were de-identified.

Results
The analysis was based on a sample of 29,763 (unweighted) adults, with a mean age of 43 years (SD=10). The weighted
total sample revealed that 44.4% of participants with depression (Table 1).
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Table 2 Weighted and Adjusted Odds Ratios for Nightly Sleep Duration Associated with Self-Reported
Diagnosis of Depression Using Multivariate Multinomial Logistic Regression Analysis, 2021 NHIS

Characteristics Short Sleep VS Normal Sleep | Long Sleep VS Normal Sleep

aOR (95% CI)* p-value aOR (95% CI)* p-value
Depression
Yes 1.12 (1.04-1.20) <0.01 1.34 (1.20-1.50) <0.0001
No (Ref) - - - _
Age Groups
18-39 1.20 (1.10-1.32) <0.0001 0.69 (0.60-0.81) <0.0001
40-64 1.45 (1.34-1.57) <0.0001 0.55 (0.50-0.63) <0.0001
65+ (Ref) - - - -
Sex
Female 0.84 (0.78-0.90) <0.0001 1.04 (0.92-1.20) 0.4062
Male (Ref) - - - -
RacelEthnicity
Non-Hispanic White (Ref) - - - -
Hispanic 0.96 (0.86—1.10) 0.7884 0.91 (0.74-1.13) 0.1014
Non-Hispanic Black 1.40 (1.23-1.55) <0.0001 1.09 (0.88-1.40) 0.5379
Other 1.19 (1.04-1.36) <0.01 0.84 (0.66—1.06) 0.1872
Education
Less than high school (Ref) - - - -
High school degree 1.06 (0.93-1.21) 0.4390 0.92 (0.75-1.40) 0.4407
Some college, no degree 1.25 (1.10-1.46) <0.01 0.84 (0.67-1.06) 0.1408
Associate Degree 1.30 (1.10-1.50) <0.01 0.66 (0.52-0.84) <0.001
Bachelor’s degree 1.15 (0.99-1.32) 0.0683 0.62 (0.49-0.78) <0.0001
Master’s degree and higher 1.17 (1.02-1.35) 0.0369 0.68 (0.53-0.870) <0.01
Family income
0-34,999 0.92 (0.83-1.03) 0.2266 1.03 (0.83-1.30) 0.6999
35,000-49,999 0.94 (0.84-1.06) 0.3884 0.98 (0.80-1.22) 0.9361
50,000-74,999 0.95 (0.86—1.05) 0.3965 0.88 (0.71-1.10) 0.2765
75,000-99,999 1.00 (0.91-1.11) 0.8315 0.91 (0.73-1.12) 0.3846
2100,000 (Ref) - - -
Marital Status
Married 1.04 (0.96-1.12) 0.3462 0.88 (0.80-1.00) 0.0510
Living with a partner (Not 1.00 (0.90-1.16) 0.8534 0.96 (0.75-1.23) 0.7585
married)

(Continued)
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Table 2 (Continued).

Characteristics Short Sleep VS Normal Sleep | Long Sleep VS Normal Sleep
aOR (95% Cl)* p-value aOR (95% CI)* p-value
Neither (Ref) - - - -
General Health condition
Excellent 0.69 (0.55-0.90) 0.0023 0.28 (0.21-0.40) <0.0001
Very good 0.85 (0.68-1.10) 0.1806 0.30 (0.21-0.40) <0.0001
Good 0.85 (0.68—-1.10) 0.1660 0.32 (0.24-0.42) <0.0001
Fair 0.86 (0.68—1.10) 0.1990 0.48 (0.40-0.63) <0.0001
Poor (Ref) - - - -
Health Insurance Status
Covered 1.10 (0.95-1.24) 0.2263 1.10 (0.90-1.36) 0.3806
Not covered (Ref) - - - -
Smoking Status
Current 1.16 (1.04-1.30) <0.01 I.11 (0.92-1.34) 0.2865
Former 1.05 (0.96-1.14) 0.2737 1.06 (0.93-1.21) 0.3923
Never (Ref) - - - -
Alcohol Use Status
Current 1.40 (1.24-1.58) <0.0001 0.95 (0.78-1.14) 0.5648
Former 1.42 (1.24-1.63) <0.0001 1.06 (0.90-1.28) 0.5877
Never (Ref) - - - -
Poor Sleep Quality
Yes 1.67 (1.55-1.80) <0.0001 0.87 (0.76-0.99) 0.0363
No (Ref) - - - -

Notes: Normal Sleep (7-8 hours), Short Sleep (<7 hours), Long Sleep (= 9 hours). *Adjusting for age, sex, race/ethnicity,
education, family income, marital status, health insurance status, general health condition, smoking status, alcohol use status, and
poor sleep quality.

Abbreviations: NHIS, National Health Interview Survey; aOR, Adjusted Odds Ratio; Cl, Confidence Interval.

Sociodemographic Characteristics

The prevalence of depression decreases with age. Individuals aged 65 years and above had the lowest proportion (39.8%),
whereas those aged 18-39 had the highest proportion (47.7%). Females (50.1%) reported a higher prevalence of depression than
males (38.3%). Non-Hispanic Whites (47.9%) had a higher depression prevalence, followed by Blacks (38.0%), and Hispanics
(37.5%). Individuals with high school degree reported the lowest proportion of depression (42.7%), while participants with some
college, no degree reported having the highest proportion of depression (48.7%). When examining income, we observed a higher
prevalence of depression (52.2%) among individuals in the lowest-income bracket ($0-34,999). In general, the reported
depression proportion decreased as income increased. Those earning more than $100,000 reported the lowest prevalence of
depression (39.4%). Furthermore, those without health insurance reported a higher depression proportion (45.2%) than those
with health insurance coverage (44.3%). Participants living with a partner (49.7%) and single individuals (49.9%) reported higher
depression than did married participants (39.4%). There was a dose-response relationship between general health status and the

prevalence of depression, where those with poor general health status reported 71.9% prevalence of depression.
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Table 3 Univariable and Multivariable Binary Logistic Regression Analysis Assessing the Predictors
of Poor Sleep Quality, 2021 NHIS

Characteristics Univariable Analysis Multivariable Analysis®
OR (95% CI) | p-value | aOR | (95% ClI) | p-value
Age Groups
18-39 0.89 0.82-0.97 <0.01 1.06 0.95-1.17 0.2859
40-64 1.00 0.93-1.10 0.9081 1.01 0.93-1.11 0.7639
65+ (Ref) - - - - - -
Sex
Female 1.51 1.41-1.61 <0.0001 1.49 1.39-1.60 | <0.0001
Male (Ref) - - - - - -
RacelEthnicity
Non-Hispanic White (Ref) - - - - - —
Hispanic 0.56 0.51-0.62 | <0.0001 0.69 0.62-0.77 | <0.0001
Non-Hispanic Black 0.64 0.57-0.72 | <0.0001 0.66 0.58-0.74 | <0.0001
Other 0.66 0.59-0.74 | <0.0001 0.75 0.66-0.86 | <0.0001
Education
Less than high school (Ref) - - - - - -
High school degree 1.24 1.10-1.41 <0.01 1.21 1.05-1.40 <0.01
Some college, no degree 1.46 1.30-1.69 <0.0001 1.33 1.14-1.56 <0.001
Associate Degree 1.38 1.20-1.59 | <0.0001 1.25 1.10-1.46 <0.01
Bachelor’s degree 1.46 1.28-1.67 | <0.0001 1.45 1.24-1.70 | <0.0001
Master’s degree and higher 1.43 1.24-1.65 | <0.0001 1.42 1.21-1.70 | <0.0001I
Family income
0-34,999 I.10 0.98-1.18 0.1035 1.01 0.90-1.14 0.8374
35,000-49,999 0.92 0.82-1.03 0.1777 0.93 0.21-1.06 0.2744
50,000-74,999 0.91 0.82-1.00 0.0648 0.88 0.79-0.98 0.0262
75,000-99,999 0.85 0.76-0.94 0.0021 0.83 0.74-0.93 <0.01
=100,000 (Ref) - - - - - -
Marital Status
Married 0.90 0.84-0.96 <0.01 0.90 0.83-0.98 0.0139
Living with a partner (Not 1.15 0.99-1.32 0.0607 1.10 0.92-1.26 0.3427
married)
Neither (Ref) - - - - -
General Health Status
Excellent 0.24 0.20-0.30 | <0.0001 0.30 0.23-0.40 | <0.0001
(Continued)
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Table 3 (Continued).

Characteristics Univariable Analysis Multivariable Analysis®

OR | (95% Cl) | p-value | aOR | (95% CI) | p-value

Very good 0.39 0.31-0.49 | <0.0001 0.43 0.34-0.55 | <0.0001
Good 0.48 0.38-0.61 <0.0001 0.56 | 0.44-0.71 <0.0001
Fair 0.71 0.55-0.91 <0.01 0.8l 0.63-1.04 0.1016
Poor (Ref) - - - - -

Health Insurance Status

Covered 1.45 1.30-1.64 | <0.0001 1.25 1.10-1.43 <0.01

Not covered (Ref) - - - - - —

Smoking Status

Current 1.54 1.38-1.72 | <0.0001 1.20 1.06—1.36 <0.01
Former 1.32 1.22—-1.42 | <0.0001 1.05 0.96-1.15 0.2583
Never (Ref) - - - - - -

Alcohol Use Status

Current 1.92 1.73-2.13 <0.0001 1.56 1.38-1.75 <0.0001
Former 1.84 1.64-2.10 | <0.0001 1.40 1.21-1.60 | <0.0001
Never (Ref) - - - - - -

Sleep Duration

Short sleep (<7 hours) 1.78 1.66—1.92 <0.0001 1.67 1.55-1.81 <0.0001

Long sleep (29 hours) 105 | 093-1.19 | 03932 | 088 | 0.78-1.00 | 0.0560

Normal sleep (7-8 hours) (Ref) - - - _ _ _

Depression

Yes 3.23 3.00-3.50 | <0.0001 2.57 2.40-2.78 | <0.0001

No (Ref) - - - - -

Notes: *Adjusting for age, sex, race/ethnicity, education, family income, marital status, general health status, insurance status,
smoking status, alcohol use status, and sleep duration.
Abbreviations: NHIS, National Health Interview Survey; OR, odds ratio; aOR, adjusted odds ratio; Cl, confidence interval.

Behavioral and Clinical Characteristics

Current smokers (55.0%) reported a higher prevalence of depression than former smokers (47.4%) and nonsmokers
(41.3%). Similarly, the prevalence of depression was highest among current alcohol users (46.1%), followed by former
(45.2%) and non-drinkers (34.2%).

Sleep Characteristics

The prevalence of depression was highest (49.2%) among those who were long sleepers (=9 hours), followed by short
sleepers (<7 hours) (46.1%), compared to normal sleepers (7-9 hours) (39.8%). Individuals with poor sleep quality
reported having higher prevalence of depression (52.0%) as compared to those without poor sleep quality (25.1%).
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Regression Analyses: Association Between Depression and Sleep Health

Nightly Sleep Duration

We conducted a multivariable multinomial logistic regression analysis to assess the relationship between night sleep
duration and depression. The weighted and adjusted odds ratios (aORs) derived from this analysis are presented in Table 2.
Individuals with depression had higher odds of experiencing short sleep (aOR: 1.12, 95% CI:1.04-1.20, p <0.01) and even
greater odds of having long sleep (aOR: 1.34; 95% CI:1.20-1.50; p < 0.001) in reference to normal sleep, than individuals
without depression. Compared to people aged 65 years and older, those age range—18-39 and 40-64 were less likely to
experience long sleep, with odds ratios (aOR:0.69, 95% CI:0.60-0.81, p <0.0001) and (aOR: 0.50, 95% CI:0.50-0.63, p <
0.0001), respectively. Regarding gender differences, females had lower odds of being short sleepers (aOR: 0.84, 95%
CI:0.78-0.90, p < 0.0001) compared to males. Non-Hispanic Blacks had a markedly greater likelihood of experiencing
short sleep (aOR:1.40, 95% CI: 1.23-1.55, p < 0.0001) compared to their non-Hispanic White counterparts.

Current smokers had a higher likelihood of short sleep (aOR:1.16; 95% CI:1.04—1.30, p < 0.01) than non-smokers.
Alcohol users, both current (aOR: 1.40, 95% CI: 1.24-1.58, p<0.0001) and former (aOR: 1.42, 95% CI: 1.24-1.63,
p<0.0001) had 40% and 42% greater odds of having short sleep as compared to non-drinkers respectively. Those with poor
sleep quality had 67% greater odds of having short sleep (aOR: 1.67, 95% CI: 1.55—1.80, p<<0.0001) and 13% lower odds of
experiencing long sleep (aOR: 0.87, 95% CI: 0.76—0.99, p=0.0363) as compared to those without poor sleep quality.

Sleep Quality Outcomes

The results from both univariable and multivariable binary logistic regression models, which assess the association
between depression and poor sleep quality as well as evaluate other predictors of poor sleep quality, are presented in
Table 3. In the univariable analysis, factors such as age, sex, race/ethnicity, education, family income, marital status,
general health status, health insurance, smoking, alcohol use, and sleep duration all demonstrated a statistically
significant association with poor sleep quality. Consequently, we incorporated these variables into the multivariable
logistic regression analysis. In the multivariable model, individuals who reported depression were over twice as likely to
experience poor sleep quality (aOR: 2.57, 95% CI: 2.40-2.78, p < 0.0001). When comparing short sleep duration to
normal sleep duration, there was a 67% increase in the odds of having poor sleep quality (aOR: 1.67, 95% CI: 1.55-1.81,
p<0.0001). In the univariable analysis, the 18-39 age group had slightly lower odds (OR: 0.89, 95% CI: 0.82-0.97,
p<0.01) of short sleep than those aged 65 and older. However, this association was not statistically significant in the
adjusted analysis. Females had almost 50% greater odds (aOR: 1.49, 95% CI: 1.39-1.60, p<0.0001) of experiencing poor
sleep quality as compared to males The results also showed significant differences among ethnicities: Non-Hispanic
Blacks had notably lower odds (aOR: 0.66, 95% CI: 0.58-0.74, P<0.0001) of poor sleep quality, followed by Hispanics
(aOR: 0.69, 95% CI: 0.62—0.77, p<0.0001) when compared to non-Hispanic Whites.

Current smokers were 20% more likely (aOR: 1.20, 95% CI: 1.06-1.36, p<0.01) to have poor sleep quality than non-
smokers. Both current and former alcohol users reported greater odds of poor sleep quality. Specifically, current alcohol
users had a 56% increased chance (aOR: 1.56, 95% CI: 1.38-1.75, p < 0.0001), while former drinkers had 40% higher
odds (aOR: 1.40, 95% CI: 1.21-1.60, p < 0.0001) than non-drinkers. Lastly, those who were married had a slightly better
sleep quality (aOR: 0.90, 95% CI: 0.83—-0.98; p=0.0139) compared to those who were single or not living with a partner.

Discussion

This study aimed to investigate the relationship between depression and sleep outcomes during the COVID-19 pandemic.
We found a strong association between depression and sleep health in a nationally representative sample of adults during
the COVID-19 pandemic period. The prevalence of depression in our sample was 44.4%, and was significantly affected
by sleep duration and quality. In our sample, individuals with depression had a 12% higher likelihood of experiencing
short sleep, 34% higher odds of experiencing long sleep durations and were more than 2.5 more likely to experience poor
sleep quality. Our findings align with data from a nationally represented survey indicates that the prevalence of
depression in the US surged to over three times its previous rate during the COVID-19 pandemic compared to the
period before its onset.’'** Our results are also consistent with a nationwide study from Brazil, which reported a 28%

rise in sleep duration issues and a significant 32% upswing in sleep quality problems during the COVID-19 pandemic.*
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A 2020 study from a Kentucky University and data from Texas A&M University both reported a depression prevalence
rate of around 36%.'"'? Similarly, during China’s lockdown, 46.8% noted depression symptoms, highlighting the
significant increase in depression during such conditions.'® In the context of broader research, our findings align
seamlessly with prior studies that have underscored the disruption of sleep patterns in individuals with depression.**
36 Such disturbances in sleep are characteristic features of depression and are often associated with diminished activity in
the serotoninergic neurotransmission system.>*>°

Sleep influences an array of physiological functions, impacting everything from transient metabolic responses to
sustained neurocognitive adaptations.>” One crucial aspect of sleep research is the delineation of normal sleep durations.
Contemporary research posits that a sleep duration of 7-8 hours is generally conducive to positive health outcomes.*®
Our study corroborates this finding, demonstrating that sleep durations at either extreme, too short, or excessively long,
were associated with depression. Furthermore, it is critical to note that sleep quality is as important as sleep quantity, with
evidence suggesting that interventions specifically targeting sleep quality might benefit patients more than those focusing
solely on sleep duration.*”

Depression is a multifaceted condition that profoundly influences individuals’ overall health and functional capacity
of individuals.*° It has a complex bidirectional relationship with numerous physical and psychological disorders, serving
as both a contributor and consequence.*® Depression and sleep disturbances share many pathophysiological mechanisms,
and ameliorating depression often mitigates sleep disturbances, reinforcing this interconnectedness.’® Despite the
historical view of sleep disturbances as merely symptomatic manifestations of depression, the current understanding
identifies this relationship as bidirectional.*’ While depression is a known risk factor for insomnia, recent research
suggests that insomnia can also act as a precursor to the subsequent development of depression.*'** This interplay
presents a promising focal point for targeted intervention.

Older age is often linked to shorter sleep outcomes in the existing literature as it is associated with physiological
changes, higher rates of chronic illnesses, and lifestyle factors leading to disrupted sleep patterns.*> However, our study
found that younger individuals (18-39 years) accounted for a higher proportion of depression than their older counter-
parts did. Studies like that of Xu offer parallels, illuminating mental health struggles among younger Chinese college
students during the COVID-19 lockdown.'” These findings diverge from conventional patterns in mental health research,
implying that older adults may encounter more disruptions in their mental health.** The COVID-19 pandemic has
brought about significant disruptions to daily life, and has profoundly affected mental health and, by extension, sleep
health.*> Younger individuals, particularly those between the ages of 18-39, have been confronted with many unique
stressors.”> Many have faced job insecurity owing to layoffs, furloughs, or the transition to remote work and
education.*®*’ In addition, social isolation resulting from lockdowns and physical distancing measures could exacerbate
feelings of loneliness and psychological distress, leading to increased rates of depression.*®

Furthermore, young adults are notably active on social media and other digital platforms that are rife with COVID-
19-related content.**>* Overconsumption of pandemic-related news, often referred to as “doomscrolling”, could have
led to increased stress, anxiety, and depressive symptoms.®! These findings underscore the need for targeted mental
health interventions for younger adults, especially in the context of a public health crisis such as the COVID-19
pandemic.

Our study is in line with the gender disparity in depression rates, with females reporting a higher prevalence of
depression than males. This aligns with the existing literature, which has consistently indicated that females experience
depression at a higher rate than males.’® An interesting difference was observed in the present study in terms of sleep
health outcomes. Females had 16% lower odds of experiencing short sleep duration; they had a 49% higher likelihood of
having poor sleep compared to their male counterparts. This distinction suggests that while females may achieve the
recommended hours of sleep, the quality of sleep may be compromised, potentially due to difficulties in initiating and
maintaining sleep. This is consistent with prior research that found that women report poorer sleep despite similar or
longer sleep durations than men.>® Biological factors, such as hormonal changes during the menstrual cycle, pregnancy,
and menopause, can affect mood and sleep patterns in women.>* Psychologically, women are more likely to ruminate
during stressful events that can lead to depression and sleep disturbances.” Socially, the added stressors and demands
that women face, such as caregiving and work-life balance issues, can also contribute to higher rates of depression and
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disrupted sleep.’® Nevertheless, it is crucial to emphasize the need for further studies to confirm these findings. A better
understanding can inform the development of gender-tailored interventions to address depression and sleep health
problems, particularly in stressful situations, such as the COVID-19 pandemic.

Our results found that Non-Hispanic Whites, comprising approximately 2/3 of our sample size, had the highest prevalence
of depression (47.9%) and reported 31% higher odds of poor sleep quality than Non-Hispanic Blacks and Hispanics. This
deviates significantly from prior research that often emphasizes higher sleep disturbances among racial/ethnic minorities,
particularly non-Hispanic Blacks.?” It’s essential to underscore that “taking medication for depression symptoms” was a key
metric in our assessment of depression prevalence. This raises a pertinent point: the increased prevalence among Non-
Hispanic Whites could be indicative of their comparatively greater access to healthcare systems and thus, to prescribed
medications for depression.’® One of the pronounced elements was the intensified sense of social isolation that seemed to
disproportionately affect Non-Hispanic Whites. Given the cultural and societal structures they predominantly inhabit, such as
living alone or in smaller nuclear families, the brunt of social distancing and lockdown measures may have been felt more
acutely by this group.”® On the other hand, racial and ethnic minorities often benefit from intrinsic cultural and community
support systems.”” These networks, characterized by strong familial ties and close-knit communities, have historically played
arole in resilience against external stressors. In the context of the pandemic, such protective communal bonds could have been
instrumental in cushioning the adverse impacts of isolation and providing a supportive framework to navigate the challenges,
thereby potentially offsetting the rates of depression and sleep disturbances seen in other groups.

We observed a higher prevalence of depression among individuals with some college level education (48.7%). These
results mirror the existing literature that identifies lower educational attainment as a risk factor for poor mental health
outcomes, likely exacerbated during the pandemic by factors such as job instability and exposure risk associated with lower-
skilled jobs.®*¢! Participants with a (associate, bachelor, master or higher) degree reported the lower rate of depression, which
might be attributed to a range of protective factors such as larger social networks, greater financial stability, and increased
access to resources, including the ability to work remotely.®* Remote work accessibility has been predominantly available to
higher-educated individuals, potentially shielding them from the economic and psychological impacts of the pandemic.®*
Participants in the lowest-income bracket ($0-34,999 / year) exhibited a higher rate of depression (52.2%). The COVID-19
pandemic has been especially straining for low-income individuals, intensifying mental health problems.*® Finally, those
without health insurance coverage reported a slightly higher rate of depression (45.2%) than those who were insured (44.3%).
This could be a result of underreporting because those without coverage might be less likely to seek help and be diagnosed.**

Limitations and Strengths
We acknowledge several limitations in our study that are essential to consider when interpreting the results. Our study’s
conclusions are primarily reliant on self-reported data from participants rather than direct medical evaluations, necessi-
tating caution during their interpretation and application in a clinical context. In addition to the reliance on self-reported
data, the cross-sectional design of our study is another limitation. This design inherently limits our ability to establish
causal relationships between depression and sleep disturbances.

Despite these limitations, our study offers significant value using a nationally representative sample of the US
population, which enables a thorough examination of self-reported depression status, sleep disturbances and socio-
demographic factors. Robust and diverse sample sizes enhance the applicability and relevance of our findings.

Conclusion

This study emphasizes the well-documented association between depression and sleep health outcomes during the
COVID-19 pandemic. Findings show that younger individuals, women, people of different racial and ethnic back-
grounds, and socioeconomic statuses face unique challenges. Our results challenge various traditional views in mental
and sleep health research, revealing a complex interplay between demographic and socioeconomic factors and mental
health during the pandemic. Recognizing these patterns is crucial for clinicians and policymakers. It suggests a need for
specialized interventions tailored to the needs of these specific populations. Furthermore, our results accentuate the
importance of continuous research in this domain to ensure effective strategies are in place to support mental and sleep
health, especially in times of crises.
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