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PURPOSE: Little is known about population determinants of short sleep duration. The authors examined
associations between short sleep duration and income, education and race/ethnicity, and assessed changes
over time in relative disparities.
METHODS: Questionnaire data from the Alameda County Health and Ways of Living Study (ACS) was
obtained at five time-points (1965, 1974, 1983, 1994, and 1999) for short sleep duration (!7 hours sleep per
night). Household income, education level, and race/ethnicity were assessed at baseline (n Z 6928). Odds
ratios were computed to examine short sleep duration across income, education and race/ethnicity, adjust-
ing for age, sex and time-varying covariates, and to assess changes over time.
RESULTS: Prevalence of short sleep at baseline was 15.2%. The (age-adjusted) odds of short sleep was
increased for the lowest household income quintile (odds ratio [OR], 1.62; 95% confidence interval [CI],
1.34–1.94), those with less than high school education (OR, 1.51; 95% CI, 1.30–1.75), and among African
Americans (OR, 1.97; 95% CI, 1.68–2.30). Relative disparities increased over time for African-American
and Hispanic, compared with white, participants.
CONCLUSIONS: Socioeconomic position is a robust determinant of short sleep duration, even after
adjusting for health-related characteristics linked to short sleep duration.
Ann Epidemiol 2007;17:948–955. � 2007 Elsevier Inc. All rights reserved.
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INTRODUCTION

Short sleep duration was first linked to mortality in the sci-
entific literature more than 40 years ago (1) in community-
based data that indicated an increased mortality risk among
those with a usual sleep duration of less than 7 hours per
night. Only a few studies in subsequent decades followed
up with reports of similar findings between short sleep and
mortality (2–4). In the past 5 years, however, evidence
from large-scale cohort studies further supports the link
between short sleep and mortality (5–8), in addition to in-
cident diabetes (9), coronary heart disease (10), hyperten-
sion (11), obesity and worsening metabolic profiles in the
population (12–15). Parallel evidence from experimental
studies has provided insights into the physiologic impact
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of sleep loss on neuroendocrine and metabolic systems
(16–19). Although the accumulation of epidemiologic and
clinical evidence is important for understanding the poten-
tial role of short sleep as a population health determinant,
little is known about what determines patterns of short sleep
duration in the population.

It may be that sleep of sufficient duration for the mainte-
nance of health and well-being has become a luxury in mod-
ern society. Average sleep duration among U.S. adults ages
18 to 54 years was 6.9 hours per night according to a nation-
wide poll conducted in 2004, with 16% typically sleeping 6
hours or less and 40% sleeping 7 hours or less (20). Some
have suggested that average sleep duration may have de-
clined in the United States during the 20th century as
a by-product of increased late-night diversions, such as in-
ternet and television, and longer work schedules character-
istic of our modern society (21, 22). As with other luxuries
that come at the cost of either money or time, sleep may be
a resource whose price is beyond the reach of some segments
of the population.

Population subgroups, which have been described as hav-
ing shorter average sleep durations, include night shift
workers, minority race/ethnic groups, those with lower
social class ranking, and those with fewer years of formal
education (5, 7, 23–27). However, because investigating
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95% CI Z 95% confidence interval

socioeconomic disparities in short sleep was not the primary
aim of most of these studies, they did not assess the extent to
which socioeconomic disparities in short sleep duration re-
flected the influence of other individual characteristics
that could impact sleep acquisition, such as chronic health
conditions, depression, obesity, smoking, alcohol consump-
tion and physical activity. Additionally, studying these fac-
tors could provide insights into potentially modifiable
mediators in the pathway between low socioeconomic posi-
tion and short sleep duration.

The purpose of this study was to examine the relationship
between short sleep duration and three indicators of social
and economic position, household income, highest
achieved level of education, and race/ethnic background,
using follow-up data collected over the course of 34 years
from residents of Alameda County, California. We also
examined the relative influence of other health-related
characteristics on the relationship between short sleep and
income, education and race/ethnicity, and additionally, as-
sessed whether disparities in short sleep increased over time.

METHODS

Study Design

The Alameda County Health and Ways of Living Study was
conducted by the Human Population Laboratory in
Alameda County, California. The study was implemented
in 1965, with a stratified, random sample of the adult, non-
institutionalized population of 6928 adults (86% of eligible
respondents) ages 16 to 94 years. Baseline participants
were followed regardless of location or disability status and
written questionnaires were re-administered to all surviving
subjects. Corresponding response rate and sample size for
each follow-up wave were: 1974 (85%, n Z 4864), 1994
(93%, n Z 2730) 1999 (95%, n Z 2123), and among the
50% random sample of eligible subjects in 1983 (87%,
n Z 1799).

Social and Economic Predictor Variables

Social and economic predictor variables assessed at study
baseline were household income, highest achieved level of
education, and race/ethnicity. Altrhough household income
was originally reported within categorical intervals, a con-
tinuous measure was derived using multiple imputation
methods that have been previously described in greater de-
tail (28). Imputed income values were constrained to fall
within the range of the reported income intervals and
were subsequently adjusted to the Consumer Price Index
for 1999. Income at baseline (1965) was grouped into quin-
tiles. The highest achieved level of education was based on
years of education reported in 1965, or if a change occurred
in the first follow-up interval, updated to 1974 values.
Education was then grouped into categories of less than
high school (!12 years), high school graduate (12 years),
or having at least some post-high school education (O12
years). Racial/ethnic group membership was self-identified
in the Alameda County Health and Ways of Living Study
questionnaire and categorized as follows: white, African
American, Hispanic, and other (consisting of groups too
small for separate analyses, including American Indian,
Asian, Chinese, Japanese, and Filipino).

Short Sleep

In all waves, respondents indicated the number of hours of
sleep they usually get at night as 6 hours or less, 7 hours, 8
hours, or 9 hours or more. Sleep duration was dichotomized
so that those with usual sleep duration of 6 hours or less were
compared to those with 7 or 8 hours of sleep. Those with 9 or
more hours of usual sleep duration were excluded from the
analysis.

Covariates

Demographics and Living Conditions. All analyses
were adjusted for gender and age at baseline. Other sociode-
mographic factors included marital status (never married,
married, separated, divorced, widowed), home ownership
(own versus rent), and household density (number of house-
hold members / number of rooms in household).

Chronic Conditions and Ailments. The presence of
chronic conditions and ailments was ascertained by the
question ‘‘have you had any of these [conditions or ailments]
during the past 12 months?’’ Chronic health conditions in-
cluded high blood pressure, heart trouble, stroke, chronic
bronchitis, asthma, arthritis or rheumatism, diabetes,
cancer, and stomach or duodenal ulcer. Physical ailments
included frequent leg cramps, pain or tightness in chest,
trouble breathing or shortness of breath, swollen ankles,
back pain, stomach pain, frequent headaches, constant
coughing or frequent chest colds, stiffness, swelling or ach-
ing in joints or muscles, and getting tired in a short period
of time. Reliability and validity of chronic conditions in
this dataset have been previously reported (29, 30).

Health Risk Factors and Behaviors. Smoking status
was reported as current, never, or former, and total number
of cigarettes was computed over all years of reported smok-
ing. The alcohol quantity score was based on monthly fre-
quency and quantity of consuming beer, wine and liquor.
A physical activity score was based on frequency of taking
part in physical exercise, active sports, and long walks or
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swimming. Responses for never, sometimes or often (coded
as 0, 2, or 4) were summed to generate a continuous score
ranging from 0 to 12. Body mass index was calculated as
the ratio of weight (kg) to height (m2).

Depression. The measure of depressive symptoms used
here was a slight modification of the depression measure
used in previous reports from the Alameda County Study
(31–34). Because the established 18-item measure of depres-
sive symptoms includes a question about insomnia, one of
the covariates in the present analysis, a 17-item depression
score was generated in a similar manner as the 18-item score
by assigning one point for each ‘‘often’’ or ‘‘never’’ response
indicative of a ‘‘depressed’’ response. Chronbach’s alpha
coefficients were similar for both 17-item and 18-item scales
(a Z 0.75 and a Z 0.77, respectively). The correlation be-
tween the 17- and 18-item scales was 0.99.

Insomnia, which was assessed through self-reported diffi-
culty initiating or maintaining sleep, was also included as
a covariate in this analysis. Those who indicated ‘‘often’’
for experiencing the complaint were classified as having
insomnia.

Statistical Methods

Frequency, prevalence, and odds ratios for short sleep at
baseline (1965) were calculated across categories of each co-
variate. Because of the repeated nature of the data, a gener-
alized estimating equations approach with a logit link was
used for parameter estimation and statistical testing of 1)
the relative odds of short sleep across income, education
and race/ethnic predictor variables, and 2) time-by-predic-
tor interactions indicative of growing socioeconomic dispar-
ities in the odds of short sleep. The time variable (year of
data collection: 1965, 1974, 1983, 1994, and 1999) was
modeled in its more parsimonious form (ordinal) after con-
ducting sensitivity analyses comparing both ordinal and
dummy variable forms. An exchangeable correlation struc-
ture was deemed suitable after comparing empirical and
model-based standard error estimates, which were nearly
identical.

Separate models adjusting for time-varying covariates
(measured at all five data collection points) that were
grouped into six major headings (age, living conditions, cur-
rent health status, health behaviors and body mass index,
depression, and insomnia) were used to assess the relative
impact of each group of covariates on the relationship be-
tween each socioeconomic predictor and short sleep. Differ-
ent forms of each covariate (ie, continuous with and without
quadratic terms, categorical, and ordinal) were assessed sep-
arately in bivariate models, with non-linear forms included
in final models where appropriate. Covariates were modeled
as grouped into categories shown in Table 1. Results were
not altered by the inclusion of an indicator variable for
loss to follow-up or death. All analyses were performed using
SAS version 9.0 (SAS Institute, Cary, NC).

RESULTS

The overall percentage of short sleepers in the baseline,
1965 cohort of the Alameda County Study was 15.2%.
Characteristics associated with increased odds of short sleep
included older age, non-married status, living in a rented
residence, having one or more chronic conditions or ail-
ments, physical inactivity, smoking, abstaining from alcohol
consumption, consuming more than one alcoholic drink per
day, depression and insomnia (Table 1).

Table 2 presents the results from generalized estimating
equation models describing the relationship between, house-
hold income level, highest achieved level of education, and
race/ethnicity with short sleep. Results are presented as odds
ratios (ORs) computed from six separate models adjusting for
groups of risk factors, including age, living conditions, cur-
rent health status, health behaviors and body mass index, de-
pression, and insomnia. The relative odds of short sleep were
greater among those in the lower two income quintiles, in
those with less than high school education, and among those
of African-American race/ethnicity compared with white
race. The increased odds of short sleep associated with the
lowest income quintile (OR, 1.62; 95% confidence interval
[95% CI], 1.34–1.94) was substantially reduced 69% after ad-
justing for living conditions, race/ethnicity and education,
reduced 42% after adjustment for depression, and reduced
31% after adjustment for chronic health conditions. The in-
creased odds of short sleep associated with having less than
a high school education (OR, 1.51; 95% CI; 1.30–1.75)
was reduced 31% to 33% in separate models adjusting for liv-
ing conditions (including race/ethnicity and income),
health risk behaviors and depression. For African-American
subjects, the age-adjusted OR for short sleep (OR, 1.97; 95%
CI, 1.68–2.30) was reduced 32% after adjusting for house-
hold living conditions, income and education, and only mar-
ginally reduced (12–13%) after adjustment for chronic
health conditions, health risk behaviors, and depression.
Adjusting for insomnia had no substantial effect on the rel-
ative odds of short sleep across income, education, and race/
ethnic groups.

Figure 1 displays the results of the longitudinal analysis of
short sleep over the five waves of data collection (34-year
period) across income quintiles at baseline, highest achieved
level of education, and race/ethnic groups. With each suc-
cessive wave of follow-up, the likelihood of short sleep in-
creased for all groups, with some notable differences with
respect to the rate of change. As Figure 1C illustrates, Afri-
can-American participants, who were more likely than
white participants to have short sleep duration at baseline,
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TABLE 1. Stratum-specific frequency, percent, and age-
adjusted ORs for short sleep duration (<6 hours/night)y:
Alameda County Health and Ways of Living Study, 1965

Frequency Percent OR

Gender

Female 568 15.1 1.00

Male 482 15.3 REF

Age group, yearsz

!25 117 11.5 REF

25 to 34 192 13.1 1.09

35 to 44 239 15.5 1.32*

45 to 54 194 15.4 1.33*

55 to 64 144 17.6 1.56*

65þ 164 20.0 1.97*

Marital status

Never married 120 17.2 1.53*

Married 676 13.1 REF

Separated 39 22.0 2.02*

Divorced 89 21.9 1.77*

Widowed 126 26.0 1.98*

Home ownership

Owns 605 14.5 REF

Rents 438 16.1 1.25*

Household density (persons/room)

0.5 or less 308 16.8 REF

0.51 to 0.75 353 13.6 0.90

0 .76 to 1.0 175 15.7 1.17

1 or greater 203 15.6 1.18

Chronic conditions

None 582 12.3 REF

One 259 17.8 1.50*

Two or more 181 27.9 2.62*

Chronic ailments

None 263 9.6 REF

One or two 365 14.7 1.62*

Three or more 368 25.2 3.13*

Physical Activity Score

None 254 22.0 1.82*

Mid 50% 378 14.9 1.16

High 25% 399 12.9 REF

Alcohol Consumption Quantity Score (drinks/month)

Abstainers 269 17.3 1.39*

1st quartile (<9) 207 15.5 1.25*

2nd quartile (10–16) 173 12.8 REF

3rd quartile (17–33) 193 14.4 1.13

4th quartile (34þ) 207 15.6 1.27*

Smoking

þ10 pack-years N/A N/A 1.07*

Smoking status

Current 523 17.2 1.43*

Former 140 12.9 0.95

Never 369 13.6 REF

Body mass index

1st quartile 253 14.7 REF

2nd quartile 241 14.2 0.93

3rd quartile 255 15.0 0.94

4th quartile 290 16.8 1.04

Depression Score

>5 points 244 28.9 2.79*

!5 points 714 12.9 REF

(Continued)
also experienced a greater increase in the likelihood of short
sleep over time. In 1965, the age-adjusted predicted proba-
bility of short sleep among African-American participants
was 26% (95% CI, 23–29), which doubled to 54% (95%
CI, 48–60) by 1999, whereas the increase in white partici-
pants during the same time span was more moderate, from
15% (95% CI, 14–17) in 1965 to 25% (95% CI, 23–27) in
1999. Hispanic participants, in contrast, were slightly less
likely than white subjects to have short sleep duration at
baseline in 1965 (12%; 95% CI, 9–15), but experienced
a greater increase over time in the likelihood of short sleep
such that by 1999 the predicted probability of short sleep in
Hispanics was greater than that of whites (37%; 95% CI, 28–
47). There was no difference across household income quin-
tiles with respect to the change over time in the likelihood
of short sleep (Fig. 1A). Likewise, there was a similar in-
crease over time in the likelihood of short sleep across all
education groups (Fig. 1B). Adjustment for time-varying
covariates did not alter the observed patterns of change in
short sleep over time (results not shown).

CONCLUSIONS

Income, education and race/ethnicity have been described
as indicators of ‘‘life chances’’ and ‘‘opportunity’’ (35, 36)
and important for understanding the forces that determine
health-promoting resources available to individuals operat-
ing in a social context (37, 38). Insofar as sleep is one exam-
ple of a health promoting resource, these results indicate
that the opportunity for sleep of adequate duration may be
hindered in low income and education groups, and among
those of African-American and Hispanic descent in the
United States.

The current findings indicate that short sleep duration is
more common among those with lower income and educa-
tion levels, and among minority race/ethnic groups. The
strongest potential mediators of short sleep across income,
education and race/ethnic groups were living conditions
and other markers of socioeconomic position. This was
particularly true in the relationship between race/ethnicity
and short sleep, which was markedly attenuated only after
adjustment for other socioeconomic factors and living
conditions, mostly because of the impact of income and

TABLE 1. (Continued)

Frequency Percent OR

Frequent insomnia

Yes 290 52.3 7.54*

No 759 11.9 REF

*p ! 0.05.
zORs for age groups are not age-adjusted.
yThose with sleep duration >9 hours/night (n Z 576) are excluded from odds ratio
contrast, but included in denominator for prevalence (%) calculations.
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TABLE 2. ORs (95% CI) for short sleep duration across household income quintiles, highest level of education and race/ethnic groups
for six separate adjustment models: Alameda County Health and Ways of Living Study, 1965–1999

Model 1: Model 2: Model 3: Model 4: Model 5: Model 6:

Frequency (%) in 1965 Age

Living

conditions Current health

Behaviors and

Body mass index Depression Insomnia

Household income (quintiles)

Lowest 1382 (20.0) 1.62 (1.34–1.94) 1.19 (0.91–1.37) 1.43 (1.19–1.74) 1.57 (1.30–1.90) 1.36 (1.12–1.66) 1.54 (1.27–1.86)

2nd 1384 (16.0) 1.31 (1.09–1.58) 1.02 (0.84–1.24) 1.26 (1.04–1.52) 1.35 (1.11–1.63) 1.27 (1.05–1.54) 1.29 (1.06–1.56)

3rd 1379 (13.0) 1.06 (0.87–1.28) 0.86 (0.70–1.05) 1.04 (0.86–1.27) 1.05 (0.86–1.27) 1.02 (0.84–1.25) 1.11 (0.91–1.35)

4th 1387 (13.5) 1.06 (0.87–1.28) 0.94 (0.77–1.14) 1.00 (0.82–1.21) 1.06 (0.87–1.29) 0.99 (0.81–1.21) 1.03 (0.84–1.26)

Highest 1384 (13.5) 1.00 1.00 1.00 1.00 1.00 1.00

Highest level of education

!High school 2396 (18.6) 1.51 (1.30–1.75) 1.34 (1.14–1.57) 1.35 (1.16–1.60) 1.35 (1.16–1.58) 1.35 (1.16–1.57) 1.42 (1.22–1.65)

High school 1989 (13.8) 1.11 (0.95–1.29) 1.12 (0.96–1.31) 1.06 (0.91–1.24) 1.06 (0.91–1.24) 1.08 (0.92–1.26) 1.08 (0.93–1.26)

OHigh school 2516 (13.0) 1.00 1.00 1.00 1.00 1.00 1.00

Race/ethnicity

AA 860 (22.2) 1.97 (1.68–2.30) 1.66 (1.40–1.97) 1.85 (1.57–2.18) 1.87 (1.58–2.20) 1.86 (1.58–2.20) 2.07 (1.77–2.43)

Hispanic 272 ( 8.1) 0.82 (0.60–1.12) 0.68 (0.48–0.94) 0.83 (0.60–1.15) 0.75 (0.54–1.04) 0.75 (0.54–1.05) 0.84 (0.60–1.17)

Other 327 (17.1) 1.43 (1.11–1.85) 1.34 (1.03–1.74) 1.46 (1.13–1.88) 1.36 (1.04–1.79) 1.38 (1.07–1.79) 1.53 (1.18–1.99)

White 5455 (14.3) 1.00 1.00 1.00 1.00 1.00 1.00

Model 1 is adjusted for age and gender.
Model 2 is adjusted for age, gender, marital status, home ownership, household density, and the alternate two measures of SEP not included as the main predictor (i.e., household
income, highest level of education, and race/ethnicity).
Model 3 is adjusted for age, gender, chronic conditions, and chronic ailments.
Model 4 is adjusted for age, gender, physical activity, smoking (status and pack-years), alcohol consumption, and body mass index.
Model 5 is adjusted for age, gender, and depression score.
Model 6 adjusted for age, gender, and insomnia.
AA Z African American.
education. Adjustment for individual health-related charac-
teristics, such as current health status, health risk behaviors,
and depression, appeared to impact the relationships be-
tween short sleep and socioeconomic position, but to a lesser
extent than mutual adjustment with other living conditions.
These findings suggest that individual health related charac-
teristics may partially confound or mediate the relationship
between socioeconomic position and short sleep duration,
but that the context of socioeconomic disadvantage may
play a more important role in determining patterns of short
sleep duration across sociodemographic groups than individ-
ual health-related characteristics.

Duration of sleep is, in part, a reflection of the hours
available for rest in a given 24-hour period, which among
the U.S. adult population, is largely determined by work
schedule (39). The distinction between groups working
long hours, multiple jobs, and night or rotating shifts com-
pared to those with flexible or lighter work schedules may
underscore the difference between groups with chronic sleep
loss and no opportunity for restitution compared to those
who experience occasional sleep loss, which is ubiquitous.
A recent study in Japan found that men with lower grade
jobs were more likely to have poor sleep quality, a pattern
which appeared to be explained by work-related character-
istics such as shift work, daily work hours, higher work
demands and lower control at work (40). Shift work is
a known cause of sleep restriction (41), and is generally
more common in occupations that do not require advanced
degrees (with some notable exceptions such as the medical
professions). In the United States, African-American and
Hispanic subjects are more likely to work the night shift
and less likely to have flexible work schedules than whites
(42, 43). Other daily time pressures leading to sleep curtail-
ment include family demands such as housework and
caretaking, responsibilities more likely to impact sleep
duration in women (40). In addition, other potential sleep-
limiting sources specific to disadvantaged groups may in-
clude suboptimal sleep environments with distressing levels
of noise, exposure to light, lack of adequate ambient temper-
ature control, nonprivate sleeping quarters, and uncomfort-
able sleep surfaces. Further studies using both quantitative
and qualitative approaches are needed to characterize com-
munity, workplace, household, and lifestyle sources of sleep
restriction and disturbance specific to various aspects of
socioeconomic circumstance.

The current findings also indicate that disparities in short
sleep may have increased among African-American and
Hispanic compared to white participants during the 34 years
of follow-up in this cohort, whereas the relative disparity
across income and education groups did not change over
time. The relationships over time were not altered by adjust-
ment for any other time-varying characteristics measured in
this study. Furthermore, loss to follow-up or death was high-
er among minority race/ethnic groups and among short
sleepers over the 34-year period (results not reported),
which would have the likely result of reducing the observed
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associations among surviving participants over time. It is
possible that minority race/ethnicity may exert stronger
age-related impacts on sleep duration than income or educa-
tion. The distinction in time-related patterns may also have
been a function of the difference in stability of our predictors
measured at baseline over the course of the follow-up period.
That is, race/ethnic identity did not change over time,
although household income levels fluctuated over the
follow-up period. While the aim of our study was to examine
socioeconomic characteristics as predictors of future
changes in short sleep over time, it may have limited our
ability to detect changes over time in relation to income
and education.

FIGURE 1. Age-adjusted mean probability of short sleep dura-
tion over five waves of follow-up by (A) household income quin-
tile, (B) education level, and (C) race/ethnic group: Alameda
County Health and Ways of Living Study, 1965–1999. *Increase
over time in the probability of short sleep duration was signifi-
cantly greater in African American (p ! 0.0001) and Hispanic
(p ! 0.001) compared with white participants.
Although duration of sleep can be best measured directly
with polysomnography, usual sleep duration in the habitual
setting in large, population-based samples most often relies
on self-report. Previous analyses have shown that self-
reported short sleep is predictive of mortality in these data
(4). In addition, the face-validity of covariates used in the
multivariable models was demonstrated by their bivariate
relationships with short sleep.

The most common underlying sleep disorders with the
potential to impact sleep duration are insomnia and sleep-
disordered breathing (SDB). Insomnia, the inability to initi-
ate or maintain sleep, is another potential source of sleep re-
striction and has been previously found to be related to
economic disadvantage (44–49), although not strongly re-
lated to race/ethnicity (44, 50, 51). As expected, there was
a strong bivariate relationship between insomnia and short
sleep in our cohort. However, adjustment for insomnia did
not alter the relationship between short sleep and income,
education or race/ethnicity. We did not have data on
SDB, which has been found to be related to shorter sleep du-
ration (!6 hours) in the Sleep Heart Health Study cohort
(52). It is possible that secular increases in SDB, a likely out-
come of increased obesity rates in the United States, could
have contributed to disparities in short sleep duration ob-
served in the current study. However, adjustment for body
habitus has been found to attenuate race/ethnic differences
in SDB (53). Thus, our adjustment for obesity as a time-vary-
ing covariate could have accounted in part for any race/eth-
nic differences in short sleep duration attributable to SDB.

Clarifying the determinants of population patterns of
short sleep duration may provide some insight toward the
application of study findings linking short sleep to subse-
quent morbidity and mortality. That is, if population sleep
habits are primarily influenced by other health-related con-
ditions that are more proximal to the outcomes of interest,
then the role of short sleep as a directly modifiable causal
agent may be weakened. However, if evidence, like the
current findings, suggests that population patterns of sleep
duration are also strongly influenced by inequitably distrib-
uted features of social and economic circumstance , then the
role of sleep restriction as a potential source of health
inequity and modifiable population health determinant
may be strengthened.
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