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Introduction: Insufficient sleep is associated with cardiometabolic risk and neurocognitive impairment. De-
terminants of insufficient sleep include many social and environmental factors. Assessment of geographic
hot/coldspots may uncover novel risk groups and/or targets for public health intervention. The aim of
this study was to discern geographic patterns in the first data set to include county-level sleep data.
Methods: The 2009 Behavioral Risk Factor Surveillance System was used. Insufficient sleep was assessed
with a survey itemand dichotomized. Data fromn=2231 countieswere available. Tests for significant spa-
tial concentrations of high/low levels of insufficient sleep (hotspots/coldspots) used the Getis-Ord G* sta-
tistic of local spatial concentration, chosen due to the nature of missing data.
Results: Eighty-four counties were hotspots, with high levels of insufficient sleep (P b .01), and 45 were
coldspots, with low insufficient sleep (P b .01). Hotspots were found in Alabama (1 county), Arkansas
(1), Georgia (1), Illinois (1), Kentucky (25), Louisiana (1), Missouri (4), Ohio (7), Tennessee (12), Texas
(9), Virginia (6), andWest Virginia (16). Coldspots were found in Alabama (1 county), Georgia (2), Illinois
(6), Iowa (6), Michigan (2), Minnesota (1), North Carolina (1), Texas (7), Virginia (12), andWisconsin (6).
Several contiguous hotspots and coldspots were evident. Notably, the 17 counties with the highest levels of
insufficient sleep were found in a contiguous set at the intersection of Kentucky, Tennessee, Virginia, and
West Virginia (all P b .0002).
Conclusions: Geographic distribution of insufficient sleep in the United States is uneven. Some areas (most
notably parts of Appalachia) experience disproportionately high amounts of insufficient sleep and may be
targets of intervention. Further investigation of determinants of geographic variability needs to be ex-
plored, which would enhance the utility of these data for development of public health campaigns.

© 2015 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.

Introduction

Insufficient sleep is increasingly recognized as an important pub-
lic health issue.1 Population-based studies have shown that short
sleep duration, whichmay represent insufficient sleep for many indi-
viduals, is associated with elevated risk of obesity, cardiovascular

disease, diabetes, and a number of other significant health
outcomes.2-6 Self-reported insufficient rest or sleep, the outcome
studied in this article, has been linkedwith obesity, hypertension, hy-
perlipidemia, heart attack, and stroke.7 To address this public health
issue, the social and environmental determinants of insufficient
sleep need further examination.2,3,8,9 One possible determinant that
has received little attention is geographic location.

Several recent studies have examined social environmental influ-
ences on sleep at the national level,6,10-12 but these generally did not ad-
dress geographic patterning insufficient sleep. Hale et al,13,14 Bird et al,15

and Hale andDo16,17 have examinedwhether unhealthy neighborhoods
influence the relationshipbetween sleepandphysical andmental health,
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but those studies focused on the characteristics of neighborhoods, not
on the geographic region inwhich theywere located. However, 1 recent
studyused the 2006 Behavioral Risk Factor Surveillance System(BRFSS)
data for 36 US states to show that those in southern states were more
likely to report difficulty sleeping over the past 2 weeks. The states
with the highest rates of sleep disturbance included West Virginia,
Oklahoma, Missouri, Arkansas, Mississippi, and Alabama; but, notably,
data on some nearby states (eg, Kentucky or Ohio) were unavailable,
making it difficult to observe clustering of insufficient sleep across states.

One issue with the limited existing research that examines geo-
graphic patterning of insufficient sleep is that the state maybe too
broad a level of geographic aggregation. There may be particular re-
gions within a state that are particularly susceptible to sleep prob-
lems and also regions that are relatively free of problems. Studies of
the links between neighborhood characteristics and sleep suggest
that geographic patterning operates at a more local level than the
state. Until recently, no data have been available to address the ques-
tion of whether insufficient sleep is geographically patterned at the
local level, using data that represent the entire United States. These
findingswould be relevant tomany stakeholders, includingmembers
of the public and health authorities at the national, regional, and state
levels, who could use these data to discern the public health burden
of sleep disturbance relative to geography.

Accordingly, the present study leveraged a large, national sample
of US adults to assess whether insufficient sleep is differentially re-
ported across counties. Specifically, county-level data from the 48
mainland US states were examined to discern hotspots and coldspots
of insufficient sleep. Hypotheses included that (1) regional differ-
ences in the percentage of adults reporting insufficient sleep would
be evident and most prominent in those states previously identified
as having high levels of sleep disturbance; and (2) these regional pat-
ternswould elucidate a number of hotspots of abnormally high insuf-
ficient sleep and coldspots of abnormally low insufficient sleep.

Methods

Data from the 2009 BRFSS were used.18 The BRFSS is an annual,
state-based, random-digit-dialed telephone survey of adults in the

United States. It is conducted by the Centers forDisease Control andPre-
vention anddesigned tomonitorhealth-relatedbehaviors in thegeneral
population. Data from all 48 contiguous states and Washington, DC,
were included in these analyses. Response rates varied by state, with a
median of 53.86% (range, 37.90% [Oregon] to 66.85% [Nebraska]).

The outcome of interest was perceived insufficient rest or sleep
(insufficient sleep). This was measured using the item, “During the
past 30 days, for approximately how many days have you felt you
did not get enough rest or sleep?” Responses were dichotomized,
with those reporting ≥15/30 days being categorized as reporting in-
sufficient sleep. This dichotomization was chosen for several reasons.
First, a dichotomized variable allows for much more interpretable
prevalence estimates. Second, the cutoff of 15 days was chosen to
mirror the diagnostic criteria for insomnia, which suggests that
symptoms should exist for approximately half of nights to be clinical-
ly relevant.19 Second, this dichotomization at 50% of nights is consis-
tent with other BRFSS studies that similarly dichotomized global
sleep disturbance.20-25 Third, preliminary evaluation of different cut-
offs (3, 7, 15, or 30days) did not result in noticeably different patterns
of findings regarding insufficient sleep and outcomes.

To examine the prevalence of insufficient sleep, the BRFSS data
were analyzed in 3 ways. First, prevalence of insufficient sleep was
estimated for all available counties and mapped at the county level.
Second, these county-level prevalence estimates were evaluated
using a spatial clustering technique to identify regionally anomalous
areas of counties that demonstrate unusually high or low values (ie,
“hotspots” and “coldspots”). Third, linear regression analyses aimed
to assess characteristics of individuals who live in hotspots and
coldspots Vs most counties, which were identified as neither.

Regarding the clustering analysis, tests for significant spatial con-
centrations of high percentage values (or low percentage values)
were conducted. These tests evaluate the percentage of respondents
within a specific county that reported insufficient sleep, relative to
neighboring counties. Typically, this analysis would involve comparing
frequency of insufficient sleep with immediate neighbors. However,
there were many missing counties that would make this approach
problematic because counties were not missing at random (because
these were generally the most sparsely populated counties), and all

0.00 - 9.45

9.45 - 16.39

16.39 - 22.46

22.46 - 31.91

31.91 - 58.33

Percentages

Fig. 1. Percentages of insufficient sleep by county.
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