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Abstract
Purpose—To determine the association between sleep duration and depressive symptoms in a
rural setting.

Methods—We conducted a cross-sectional study using data from Wave 3 of the Walk the Ozarks
to Wellness Project including 12 rural communities in Missouri, Arkansas, and Tennessee (N =
1,204). Sleep duration was defined based on average weeknight and weekend hours per day: short
(< 7), optimal (7-8), and long (> 8). The primary outcome was self-reported elevated depressive
symptoms. Multivariable logistic regression was used to estimate adjusted prevalence odds ratios
(aPOR) and 95% confidence intervals (95% CI).

Findings—Elevated depressive symptoms were common in this rural population (17%).
Depressive symptoms were more prevalent among subjects with short (26.1%) and long (24%)
sleep duration compared to those with optimal (11.8%) sleep duration. After adjusting for age,
gender, race, education, employment status, income, and BMI, short sleep duration was associated
with increased odds of elevated depressive symptoms (aPOR=2.12, 95% CI: 1.49, 3.01),
compared to optimal sleep duration. Conversely, the association between long sleep duration and
depressive symptoms was not statistically significant after covariate adjustment. Similar findings
were observed when we excluded individuals with insomnia symptoms for analysis.

Conclusions—This study suggests that short sleep duration (<7 hours per night) and depressive
symptoms are common among rural populations. Short sleep duration is positively associated with
elevated depressive symptoms. The economic and healthcare burden of depression may be more
overwhelming among rural populations, necessitating the need to target modifiable behaviors such
as sleep habits to improve mental health.
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Introduction
Sleep plays an integral role in an individual’s overall health and well being. Alvarez and
Ayas have suggested that the optimal sleep duration associated with the lowest morbidity
and mortality is 7-8 hours per night.1 With the increasing demands of today’s 24-hour
society, restricted or disrupted sleep (< 7 hours per 24 hours) is a widespread and serious
public health problem. According to the 2009 National Sleep Foundation Survey, Americans
sleep an average of 6.7 hours a night, with approximately 23% sleeping less than 7 hours per
24 hours.2 In addition, the proportion of Americans sleeping less than 6 hours per 24 hours
has been increasing from 12% in 1998 to 20% in 2009.2 Prior research has indicated that
short sleep duration is more common among individuals who are black, of low
socioeconomic status, older, unmarried, who care for young children, work long hours,
report alcohol use, or are overweight/obese.3,4

Sleep durations that are longer or shorter than 7-8 hours in a 24-hour period are associated
with acceleration of the aging process,5 increased risk of impaired glucose tolerance,
diabetes,6,7 obesity, 8 hypertension,9 injuries,10 and increased mortality.11,12 In addition,
short sleep duration adversely affects cognitive performance, learning, memory, and mental
health.13-19 Although disrupted sleep or short sleep duration associated with psychiatric
disorders is usually considered as a symptom of the disease, several studies have indicated
that the relationship between sleep duration and mood disorders is more complex and may
be bi-directional.20,21 Instead of being a symptom, sleep duration may be a causal factor in
the development of mood disorders.20,21

Experimental studies in rats showed that chronic short sleep duration resulted in alterations
in neurotransmitter systems (e.g., serotonin and corticotropin-releasing hormone receptor
systems) that have been similarly reported among individuals diagnosed with major
depression.22,23 Studies of adolescent populations have reported that teens with short sleep
duration were 24% more likely to be depressed and up to three times more likely to exhibit
suicidal ideation or behavior.24,25 Similarly, studies in adult populations have found that
shorter sleep duration was indicative of depressive symptoms and carried a 5-fold increased
hazard of depression recurrence. 20, 26 Thus, while sleep disturbances are often hallmark
symptoms of depressive disorders, they may also be risk factors for the development or
exacerbation of depressive symptomatology.20,26,27

Depressive disorders are associated with substantial impairment, comorbidity, poor health,
and mortality.28,29 The estimated prevalence of depressive symptoms in the US is
approximately 8.7% and the lifetime prevalence of the diagnosis of depression is 15.7%.30

The prevalence of current major depressive disorder is approximately 5.3%,29 with rural
populations having a higher prevalence than urban populations (6.1% vs. 5.2%,
respectively).31 Rural residents are a medically vulnerable population with reduced access to
healthcare services.32 They have an increased risk of health problems, such as diabetes,
cardiovascular disease, obesity, and traumatic injuries.32 The greater proportion of people
with poor health in rural population places them at higher risk for depression.31 Thus, the
disabilities and impairments associated with depression may be of even greater concern in
rural populations.
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While a link exists between sleep duration and depression, with short sleep duration as a
plausible risk factor for depressive symptoms,12,20,22-26 this association is less established
among a rural, adult population. Rural populations not only have unique demographics and
lifestyles, but also unique health needs.32 Compared with urban and suburban dwellers, rural
residents are more commonly employed in agriculture and small business.33 Poverty rates
are higher in rural areas compared to their metropolitan counterparts.34 About one-fourth of
older Americans live in rural areas and small towns, yet half of older Americans with
poverty-level incomes live in such areas.35 Rural residents are also more socially isolated,
less likely to work in white collar occupations, live in substandard housing, have lower
education levels, and less adequate access to health services.34 All of the aforementioned
factors could contribute to negative health outcomes, as evident in the rural health disparities
in heart disease, physical inactivity, alcohol abuse and tobacco dependence, and psychiatric
symptoms.32,34,36

Recent studies have focused on the increased risk for obesity due to short sleep duration in
rural populations,37,38 yet the higher prevalence of current major depressive disorder
highlights the need to examine how sleep duration may also relate to depressive symptoms
in this population. 31 The present study was conducted to examine the relationship between
sleep duration and depressive symptoms, using data from 12 rural communities in Missouri,
Tennessee, and Arkansas involved in the Walk the Ozarks to Wellness Project.

Methods
Study Design

This cross-sectional study assessed the relationship between sleep duration and depressive
symptoms in a rural population using data from the Walk the Ozarks to Wellness Project.
The details of the this longitudinal study have been previously described, but a brief
description follows.39 The Walk the Ozarks to Wellness Project was a four year, quasi-
experimental longitudinal study of an intervention to increase walking behaviors in 12 rural
communities in Missouri, Tennessee, and Arkansas. Of the 12 communities identified for
this study, seven had populations of less than 2500 persons, two were between 2500 and
10,000 persons, and three had populations between 10,000 and 20,000 persons. Compared
with the rest of Missouri and the United States, this region has significantly more poverty, is
medically underserved, and has lower educational levels. Death rates for chronic diseases
(i.e., heart disease, stroke, cancer, diabetes) were significantly higher in the 5-county
intervention area (age-adjusted rate = 653 per 100,000) than in Missouri (602 per 100,000)
for the period 1993–2002.39

Study participants included individuals from six intervention communities in the Missouri
Ozark region and six comparison communities in Arkansas (n=2) and Tennessee (n=4),
matched based on size, race/ethnicity, and income level. Data were obtained by telephone
interviews using an instrument based on the Behavioral Risk Factor Surveillance
questionnaire. Eligible households were those within a 2-mile radius of walking trails and
they were contacted via random-digit dialing. Data pertinent to this study was used from the
third wave of data collection (July to September 2005) because of the inclusion of sleep
habits in this phase of data collection (n=1,258).38 Response rate for this wave of data
collection was 65.2%. This study was granted exemption by the Saint Louis University
Institutional Review Board.

Measures
Sleep duration—Respondents were asked “How many hours of sleep do you usually get
at night (or your main sleep period)?” on weekdays or workdays as well as on weekend or
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non-working days. They were allowed an open-ended response, rounded to the nearest hour.
Sleep duration for this analysis is based on the average of the reported sleep hours for both
weekdays and weekends. Responses were grouped into a categorical sleep duration variable:
1) less than 7 hours was categorized as short sleep duration; 2) 7-8 hours as optimal; and 3)
more than 8 hours as long sleep duration. This measure has been reported to be stable over
time (r = 0.57 for 2.4 years) and to exhibit face validity.38

Depressive symptoms—The presence of depressive symptoms was assessed from the
Patient Health Questionnaire – 2 (PHQ-2).40 Participants were asked how often in the last
two weeks they had experienced the following: 1) “Little interest or pleasure in doing
things?” and 2) “Feeling down, depressed, or hopeless?” Response choices for each question
were rated on a scale from 0 (‘not at all’) to 3 (‘nearly every day’), with total depressive
symptom scores ranging from 0 to 6. If the total score was 3 or greater, participants were
categorized as having elevated depressive symptoms. Otherwise, participants were
categorized as having no elevated depressive symptoms. Kroenke and colleagues reported
good criterion validity using a cut-point of 3 or above when compared to a mental health
professional interview.40 Areas under the curves for major or any depressive disorder were
found to range between 0.90 and 0.93, with 83% sensitivity and 90% specificity.40 Adequate
construct validity was also established as there were strong associations between PHQ-2
scores and depression-related disabilities and difficulties. 40

Covariates—Factors associated with both sleep duration and depressive symptoms were
evaluated as potential confounders in this study. Sociodemographic factors included: age
(continuous); gender; race/ethnicity (White, non-Hispanic versus Other); income (<$20,000,
$20 to <$35,000, $35 to <$75,000, and $75,000+); employment status defined as employed
(employed for wages or self-employed), non-wage earner (student, homemaker, out of work
more than one year, or out of work less than one year), retired, and unable to work; and
education (less than high school, high school graduate, more than high school). Behavioral
characteristics included: current smoking status (smoker versus non-smoker) and physical
activity (e.g. running, calisthenics, walking) in the last month, other than for a regular job.
Health indicators were body mass index (BMI, continuous); self-reported history of any
chronic disease (answering yes to any of the following conditions: heart disease, kidney
disease, diabetes, high blood sugar, hypertension, cholesterol, or arthritis); and self-reported
history of cancer. Lastly, individuals were categorized as having insomnia if they had
experienced all three of the following symptoms at least five times per month: 1) “Having
trouble falling asleep”; 2) “Wake up during the night and have difficulty getting back to
sleep”; and 3) “Wake up too early in the morning and are unable to get back to sleep”.38

Statistical Analyses
Fifty-four individuals (4.5%) were excluded from analyses because of missing data on
exposure, outcome or covariates, resulting in a final study sample size of 1,204 for analysis.
Bivariate analyses showed that those who were included in analyses were similar to those
excluded from analyses in terms of covariate characteristics, sleep duration, and depressive
symptoms. Our power analysis indicated adequate statistical power (power = .95) in
detecting a previously reported bivariate effect between short sleep duration and outcome
(an effect size of odds ratio of 1.8) and marginal power to detect an odds ratio of 2.2
between long sleep duration and outcome (power = .80) at an alpha level of 0.05.38

Statistical tests of bivariate associations between sleep duration (< 7 hours, 7-8 hours, and 9
or more hours per night) and covariates were based on a χ2 distribution for categorical data
and a one way ANOVA for continuous covariates (i.e., age and body mass index). Crude
prevalence odds ratios (cPOR) and 95% confidence intervals (CI) for the relationship
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between sleep duration and elevated depressive symptoms were estimated using a simple
logistic regression model, with optimal sleep duration (7-8 hours per night) as the referent.
A multiple logistic regression model was used to estimate adjusted prevalence odds ratios
(aPOR) and 95% confidence intervals adjusting for confounders. Backwards elimination
modeling was used to evaluate potential confounders using 10% change-in-estimate rule41;
potential confounders evaluated included age, gender, race, education, employment status,
income, BMI, history of chronic disease, cancer, any exercise in the last month, and current
smoking status. If the removal of a covariate changed the aPOR by 10% or greater, it was
retained in the final model.41 Because insomnia complaints are common symptoms of
depression14 and have been shown to increase the risk of depressive episodes,15,16,26 we
also conducted a subsample analysis among subjects without insomnia symptoms (n = 1,
042). All analyses were conducted using SAS, Version 9.2 (SAS version 9.2, SAS Inc.,
Cary, North Carolina).

Results
The overall prevalence of elevated depressive symptoms (PHQ 2 ≥ 3) in this sample was
17.1%. The average sleep duration in this rural population is 6.9 hours (SD=1.30) and 7.4
hours (SD=1.44) for weekdays and weekends, respectively. Based on the average sleep
duration for both weekdays and weekends, the proportion of study subjects who reported
sleeping <7 hours per night (short sleep duration), 7-8 hours per night (optimal sleep
duration), and >8 hours per night (long sleep duration) was 29.7%, 61.7%, and 8.6%,
respectively. Individual with short sleep duration were more likely to be high school
graduates whereas those with long sleep duration were more likely to have less than high
school education, to have lower income levels, to be unemployed/retired/unable to work,
and to be current smokers, compared to other participants in the study (Table 1). Study
participants did not differ by race, gender, age, BMI, or histories of chronic disease and
cancer by sleep duration.

Bivariate analysis indicated a U-shape association between sleep duration and elevated
depressive symptoms. Specifically, compared to participants with optimal sleep duration, the
crude prevalence odds of elevated depressive symptoms were 2.62 (95% CI: 1.90, 3.63) and
2.36 (95% CI: 1.43, 3.89) for short and long sleep duration, respectively. After adjusting for
age, gender, race, education, employment status, income, and BMI, short sleep duration was
still associated with increased odds of elevated depressive symptoms (aPOR=2.12, 95% CI:
1.49, 3.01, Table 2), compared to optimal sleep duration. Conversely, after controlling for
confounders, long sleep duration was no longer associated with elevated depressive
symptoms (aPOR = 1.62, 95% CI: 0.92, 2.85). Lower level of education (i.e., < high
school), lower income (< $20,000, and higher BMI were also significantly associated with
elevated depressive symptoms (Table 2).

Clinical and epidemiological studies have shown that sleep disturbances such as insomnia
are closely linked to major depression.42,43 Therefore, we conducted a sub-analyses on
participants without insomnia symptoms for the relationship between sleep duration and
depressive symptoms (n= 1,042). Table 3 indicated that after excluding individuals with
insomnia symptoms, there was still a statistically significant association between short sleep
duration and elevated depressive symptoms, compared to those with optimal sleep duration,
after controlling for confounders (aPOR = 1.95, 95% CI: 1.28, 2.98). As in analyses
including subjects with and without insomnia, Long sleep duration was not associated with
elevated depressive symptoms in the adjusted model (aPOR = 1.74, 95% CI: 0.94, 3.20).
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Discussion
This investigation provides preliminary evidence of an association between sleep duration
and elevated depressive symptoms in rural populations. After adjusting for
sociodemographic factors (i.e. age, race, gender, income, education and employment status)
and BMI, short sleep duration was associated with elevated depressive symptoms. Sleep
disturbances such as insomnia are also risk factors and symptoms of depression.14 After
excluding individuals with insomnia symptoms, we continued to observe a statistically
significant association between short sleep duration and elevated depressive symptoms.
Increased odds of elevated depressive symptoms were observed among those with long
sleep duration compared to those with optimal sleep duration. However, this association was
not statistically significant after adjusted for confounders.

In a prospective cohort study, Ganguli and associates observed that sleep complaints and
short sleep duration were common among older rural residents.44 Sleep problems among the
rural residents are sometimes associated with treatable health conditions and modifiable
behavioral and environmental characteristics. However, compared to their urban
counterparts, individuals from rural communities have access to a smaller number and
narrower range of health care providers and services and are less likely to be using these
health services.45 Hence, it is unlikely that specialized sleep medicine services are available
outside major metropolitan areas to rural residents to receive the needed care in addressing
their sleep complaints.

Furthermore, rural communities are exposed to circumstances, conditions, and behaviors
that may put them at greater risk for depression.36 These include physical inactivity, heavy
alcohol consumption, fewer regular dental visits, and higher incidences of chronic illness
when compared with urban residents.31,46 Previous studies have reported that rural areas
have a disproportionate share of individuals at risk of poor mental health (e.g. the elderly the
chronically ill).47,48 Furthermore, rural residents are more commonly employed in
agriculture settings which are characterized by a range of physical, biological, chemical and
mechanical hazards.49 And prior research has found higher rates of depression and anxiety
among farmers than the general population.50,51 However, rural areas are generally lacking
in both the level and quality of mental health services47,48. Access to mental health services
and concern for suicide stress depression and anxiety disorders were identified as major
rural health concerns among state offices of rural health.52 Marvin and colleagues had
reported that the proportion of counties that are whole-county shortage areas for mental
health professionals increases from 37% among large rural counties adjacent to metropolitan
areas to 76% among isolated small rural counties.53 Therefore, it may be difficult for rural
residents to obtain specialist care for depression. Taken together, these features of rural life
and culture may have bearing on the relationship between short sleep duration and
depression in rural communities different from the urban communities.

Although prior research is scant in similar populations, our findings on short sleep duration
in this rural population are consistent with previous findings.20,24,26 In a large cross-
sectional study of Korean adults aged 18-64, Park and colleagues found that sleeping 5
hours or less per night was associated with mood disorders.3 Studies on pilots and officers
after night duty observed that there was an increase in self-reported feelings of depressed
mood, anger, frustration, tension, and anxiety during prolonged sleep deprivation.54,55 In a
small longitudinal study of patients with bipolar disorder who were free of affective
disorders at baseline, Perlman and colleagues reported that shorter sleep duration predicted
increased depressive symptoms over the subsequent 6 months follow-up.20 Even though
sleep disturbances are possibly a trait marker of depression, the medical literature is
inconsistent on the directionality of this association.56,57 Paradoxically, among individuals
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with mood disorders, sleep restriction can also have an antidepressant effect, 58 underscoring
the complex interaction between sleep duration and normal affect regulation.

Prior epidemiological investigations have indicated that sleep duration and mortality have a
U-shaped relationship.1,11,59,60 In a sample from the National Women’s Health Initiative,
both short and long sleep duration as compared to optimal sleep duration increased the
incidence of depression.61 After adjusting for covariates, our data did not support as robust a
statistical association between longer sleep duration (> 8 hours per night) and elevated
depressive symptoms as short sleep duration. The discrepancy in findings among studies
may also be attributed to different definitions and assessment of sleep duration and
depressive symptoms. Alternatively, the observed crude association between long sleep
duration with elevated depressive symptoms in our study may be attributed to the
socioeconomic risk factors for which we adjusted in our multivariable analysis (i.e. age,
gender, race, education, employment status, income, and BMI).

Animal studies found that when subjected to chronic sleep restriction, neurotransmitter
receptor systems (e.g. serotonin-1A and corticotropin-releasing hormone receptor systems22;
serotonin 5-HT dysregulation23) and neuroendocrine stress reactivity (e.g. the HPA axis22)
were gradually altered in similar fashions to individuals diagnosed with major depression. In
human samples, increased hypothalamic-pituitary-adrenocortical (HPA) activity as well as
reduced growth hormone secretion have also been found in untreated depressive patients and
normal individuals with altered sleep patterns.62 In other words, altered sleep architecture
due to short sleep duration can alter chemical pathways that have been implicated in
depressive patients.

Some limitations in the present study warrant mention. The direction of causality in the
relationship between sleep duration and depressive symptoms cannot be established in this
cross-sectional study, nor are the reasons underlying short sleep duration in our participants
known. Selection bias may be present with a response rate of 65.2% in our study, with
participants likely having healthier lifestyles than those not enrolled in the study. Our
findings were also based on self-report data including sleep duration and depressive
symptoms. Measurement error in sleep duration is possible due to lack of objective
assessment of sleep duration. However, self-reported sleep duration has been found to
reliably predict prospective mortality and other health outcomes.9,11,12,63 The PHQ-2 is a
valid, brief screening measure for probable clinical depression but is not a diagnostic
criteria-based assessment tool for clinical depression. Lastly, our data also did not provide
clinical measures of medical conditions or information on shift work, caffeine and alcohol
consumption, medication usage, or prior history of depressive disorder.26,59,62,64 Results
from our study may not be generalizable to urban or suburban populations since our sample
was drawn from a poor rural population.

This study suggests that short sleep duration (<7 hours per night) and depressive symptoms
are common among rural populations in Missouri, Arkansas, and Tennessee. Furthermore,
short sleep duration is positively associated with elevated depressive symptoms. It is
estimated that the yearly economic burden of depression in the United States is
approximately $83.1 billion.65 These burdens may be of greater consequence for rural
populations, as they are likely poorer, less health literate, and have inadequate access to
health care, especially primary and specialty care.64,66 Provisions could allow for improved
understanding of reasons underlying short sleep duration in rural residents, as these may
differ between rural and urban populations. In turn, this could lead to greater screening and
preventive efforts or interventions targeted at rural residents, to avoid undue morbidity
associated with depression, and interventions could focus on altering lifestyle choices to
improve sleep habits and overall well-being. More research is needed to understand the risk
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factors associated with short sleep duration in rural communities to facilitate targeted
interventions. Future prospective studies are needed to confirm our findings on the
association between short sleep duration and depressive symptoms in rural populations.
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Table 1

Study sample characteristics by sleep duration, Walk the Ozarks to Wellness Project, Wave 3, Rural Midwest
(n = 1,204)

Variable
Short Sleep

(n = 357)
%

Optimal Sleep
(n = 743)

%

Long Sleep
(n = 104)

%

P-value
a

Education 0.01

< High School 13.2 9.6 21.2

High School Graduate or GED 31.4 29.7 28.9

More than High School 55.5 60.7 50.0

Income <0.05

< $20,000 34.2 21.1 35.6

$20 to < $35,000 24.7 21.3 27.9

$35 to < $75,000 26.9 34.5 19.2

$75,000+ 14.3 23.2 17.3

Race 0.11

White 93.3 96.1 96.2

Other, non-White 6.7 3.9 3.9

Gender (Male) 23.3 23.5 22.9 0.92

Employment Status <0.05

Employed 44.5 48.9 26.9

Non-wage earner 13.5 16.0 18.3

Retired 24.9 26.7 26.9

Unable to work 17.1 8.5 27.9

Mean Age (SD) (years) 51.4(15.8) 52.4(16.0) 51.4(16.1) 0.17

Current Smoker (yes) 23.0 17.1 28.9 < 0.05

Physical Activity in Last Month
(yes)

71.2 77.7 71.2 0.04

Mean (SD) BMI 28.3 (6.9) 27.7 (6.4) 28.0 (6.8) 0.19

Any Chronic Disease (yes) 71.4 69.6 71.2 0.80

History of Cancer (yes) 11.2 13.6 14.4 0.49

a
Two-tailed P-values based on χ2 distribution for categorical data and an ANOVA for continuous covariates
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Table 2

Adjusted Prevalence Odds Ratios and 95% Confidence Intervals for having elevated depressive symptoms

Variable APOR 95% CI

Sleep Duration (ref: Optimal)

 Short 2.12 1.49, 3.01

 Long 1.62 0.92, 2.85

Age 1.00 0.99, 1.01

Gender (ref: Female)

 Male 0.86 0.57, 1.32

Race (ref: White)

 Non-white 1.07 0.51, 2.24

Education (ref: > High School)

 < High School 1.75 1.06, 2.90

 High School Grad or GED 1.31 0.88, 1.94

Income (ref: ≥ $75,000)

 < $20,000 5.35 2.67, 10.70

 $20,000 -< $35,000 2.00 0.99, 4.02

 $35,000 -< $75,000 1.47 0.75, 2.88

Employment (ref: Wage Earner)

 Non Wage Earner 0.68 0.39, 1.18

 Retired 0.83 0.47, 1.47

 Unable to Work 1.65 0.99, 2.75

BMI 1.04 1.02, 1.07

a
APOR = Adjusted Prevalence Odds Ratio; CI = 95% Confidence Interval
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Table 3

Adjusted Prevalence Odds Ratios and 95% Confidence Intervals for having elevated depressive symptoms

among participants without insomnia symptoms (n = 1, 042)
a

Variable APOR 95% CI

Sleep Duration (ref: Optimal)

 Short 1.95 1.28, 2.98

 Long 1.74 0.94, 3.20

Age 1.00 0.98, 1.02

Gender (ref: Female)

 Male 0.89 0.55, 1.43

Race (ref: White)

 Non-white 0.87 0.34, 2.21

Education (ref: > High School)

 < High School 1.78 0.97, 3.25

 High School Grad or GED 1.27 0.80, 2.00

Income (ref: ≥ $75,000)

 < $20,000 5.58 2.52, 12.33

 $20,000 -< $35,000 50 1.08, 5.23

 $35,000 -< $75,000 1.48 0.70, 3.23

Employment (ref: Wage Earner)

 Non Wage Earner 0.75 0.40, 1.41

 Retired 0.81 0.43, 1.55

 Unable to Work 1.24 0.66, 2.32

BMI 1.04 1.01, 1.06

a
APOR = Adjusted Prevalence Odds Ratio; CI = 95% Confidence Interval
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