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Abstract

Purpose—To examine the associations of sleep characteristics with health-related quality of life
(HRQOL) and sleep health disparities among US young adults using national survey data.

Methods—The study sample consisted of 2,391 young adults aged 20-39 years from the
National Health and Nutrition Examination Survey 2005-2008. HRQOL was assessed using the
Centers for Disease Control and Prevention’s HRQOL-4 scale. Multivariable logistic regression
models were applied to evaluate the sleep-HRQOL associations. Stratified analyses were
conducted to examine whether the associations varied by sociodemographic characteristics.

Results—Approximately 35.6% of young adults slept < 7 hours, 41.9% had insomnia, 4.4% had
sleep disorders, and 8.5% had sleep apnea. More females had insomnia than males (48.6% vs.
35.9%, P<0.001). US-born young adults had more sleep disturbances than their foreign-born
counterparts. Compared with those sleeping 7-8 hours, the adjusted odds ratio of poor general
health was 1.60 (95% confidence interval, 1.08-2.35) for individuals sleeping 6—7 hours and 1.88
(1.23-2.86) for those sleeping <6 hours. Similar results were found for low mental HRQOL and
overall HRQOL. Insomnia, long sleep latency, troubling falling asleep, daytime sleepiness, and
frequent sleeping pill use were significantly associated with low mental HRQOL and overall
HRQOL. The associations between sleep disturbances and low HRQOL varied little by sex, race/
ethnicity, and country of birth.

Conclusions—Sileep disturbances are common among US young adults, and are significantly
associated with low HRQOL. Objective measures of sleep are warranted to confirm our findings.

Keywords
Sleep; health-related quality of life; health disparities; young adults; national survey

INTRODUCTION

The effects of sleep disturbances, such as insomnia and daytime sleepiness, are under-
recognized in the United States (US) [1]. Several studies have demonstrated that sleep
disturbances are common in college students [2-4]. A cross-sectional study of 125 college
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students aged 17-24 years from an urban Midwestern university in the US found that over
60% of college students were poor-quality sleepers, those with poor sleep reported more
physical and psychological health problems than did good-quality sleepers [2]. Increasingly,
epidemiologic studies have suggested that sleep is an important risk factor of health
outcomes such as obesity [5], diabetes [6], cardiovascular disease [7], and mortality [8].
Sleep quality and quantity have also been reported to be correlated with risk-taking
behavior, drowsy driving, and academic and job performance [9-13]. A national telephone
survey of 7,428 US adults revealed that insomnia was significantly associated with lost work
performance and substantial workplace costs [9].

Health-related quality of life (HRQOL), on the other hand, has been increasingly
acknowledged as an important outcome measure in clinical trials and healthcare [14; 15].
Data from the 2001-2002 Behavioral Risk Factor Surveillance System (BRFSS) based on
random digit dialed telephone survey showed that insufficient sleep was associated with
impaired HRQOL in US non-institutional adults [16]. To our knowledge, few studies have
focused on sleep characteristics and HRQOL among young adults, especially based on
national survey data. Access to a large, nationally representative population database would
provide a unique opportunity to explore the associations between sleep characteristics and
health outcomes (e.g., HRQOL) in racially/ethnically diverse groups of young adults.
Furthermore, several studies have suggested that country of birth may explain some health
disparities, including sleep disturbances (e.g., insomnia), in the US [17-20]. For example,
Seicean et al reported that Mexican-born US immigrants had more favorable sleep patterns
than the general US population [20]. However, little is known about differences in sleep
characteristics between US-born and foreign-born young adults and whether country of birth
may modify the associations between sleep and HRQOL.

Using nationally representative data, we first estimated the prevalence of sleep disturbances
among US young adults according to selected sociodemographic characteristics. Second, we
examined the associations of short sleep duration and other sleep disturbances with HRQOL.
Third, we conducted stratified analyses to evaluate whether the sleep-HRQOL association
varied by sex, race/ethnicity, and country of birth. We hypothesize that: 1) sleep
disturbances are common among US young adults, especially among female, minority, and
US-born individuals; 2) short sleep duration and/or sleep disturbances are significantly
associated with low HRQOL; and 3) the sleep-HRQOL association might vary by some
demographic characteristics such as sex, race/ethnicity, and country of birth.

METHODS
Study design

The National Health and Nutrition Examination Survey (NHANES) is a nationally
representative sample of non-institutionalized US civilian residents [21]. All participants in
the NHANES provided written informed consent. The NHANES is conducted by the
National Center for Health Statistics (NCHS) of the US Centers for Disease Control and
Prevention (CDC) and consists of a standardized in-home interview followed by physical
examination and blood and urine collection at a mobile examination center.
Sociodemographic and health data were obtained through personal interviews by trained
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professionals. Although the NHANES data are released in two-year intervals since 1999,
information on sleep were only collected since the NHANES 2005-06 wave. Individuals
aged 16 years and older were selected to answer sleep questions. The NHANES 2005-06
and 2007-08 waves were used in this study (n=19,712). As several NHANES studies have
included individuals aged from 20 to 39 years as young adults [22; 23] and some variables
of interest were only available for participants aged > 20 years (e.g., illegal drug use), we
only included participants aged 20-39 years as young adults in this study. Individuals were
excluded from this study if they were aged < 20 (n=9,775) or = 40 years (n=6,258). Among
those aged 20-39 years (n=3,679), 378 pregnant women were excluded due to associated
changes in sleep physiology. A total of 2,391 young adults aged 20-39 years with complete
data on sleep, HRQOL, sociodemographic characteristics, lifestyle factors, and health
conditions were included as our analytic sample in this study (Table 1).

Exposure variables: sleep characteristics

Study participants completed an interviewer-administered questionnaire regarding sleep
habits and sleep characteristics, including items from two previously validated instruments:
the Sleep Heart Health Study Sleep Habits Questionnaire [24] and the Functional Outcomes
of Sleep Questionnaire [25] through a computer-assisted personal interviewing system.
Sleep duration was identified based on response to the question: “How much sleep do you
usually get at night on weekdays or workdays?” Responses were integer values. Inadequate
sleep (short sleep duration) was defined as < 7 hours per weeknight of sleep (yes/no) [20].
We further categorized sleep duration using the following cut points: < 6, 6-7, 7-8, and =9
hours of sleep.

Insomnia was defined using self-report of physician diagnosis and/or complaints of
difficulty initiating or maintaining sleep, early morning awakening, or nonrestorative sleep
[20; 26; 27]. Individuals who reported experiencing any of the following insomnia
symptoms “often” (5-15 times/month) or “almost always” (16-30 times/month) over the
past month were considered as having insomnia: 1) “Have trouble falling asleep?”, 2)
“Wake up during the night and have difficulty getting back to sleep?”, 3) “Wake up too
early in the morning and be unable to get back to sleep?”, and 4) “Feeling unrested during
the day, no matter how many hours of sleep had.”. Long sleep latency was defined as sleep
latency = 30 minutes [28]. One question was used to define daytime sleepiness: “Feel overly
sleepy during the day?”. Participants who answered “often” (5-15 times/month) or “almost
always” (16-30 times/month) to the question were considered as having frequent daytime
sleepiness.

Regarding the frequency of taking sleeping pill over the past month, participants were asked
the question “Do you take sleeping pills or other medication to help you sleep?” obtained
from responses on a 5-point Likert scale. Participants who reported “often” (5 15 times/
month) or “almost always” (=16-30 times/month) use of sleeping pill were categorized as
frequent sleeping pill users.

Diagnosed sleep disorder was based on the question: “Have you ever been told by a doctor
or other health professional that you have a sleep disorder?” Those with the response “yes”
were considered as having a diagnosed sleep disorder. Sleep apnea was defined based on an
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affirmative answer to the following question: “Have you ever been told by a doctor or other
health professional that you have a sleep disorder: sleep apnea?” [29]. Regarding habitual
snoring, the following question was asked: “In the past 12 months, how often did you snore
while you were sleeping?”. Participants who answered “frequently (=5 nights/week)” were
considered as having habitual “snoring”, whereas those with response “never”, “rarely (1-2
nights/week)”, or “occasionally (3—4 nights/week)” were considered as having no snoring.
Restless legs symptoms (RLS) included leg jerks, leg cramps, and restless legs. Participants
who reported “often” (5-15 times/month) or “almost always” (16-30 times/month) having
leg jerks or legs cramp whiling sleeping, or having sleep disorder-restless legs were
considered as having RLS.

Measures of outcome variable: health-related quality of life (HRQOL)

The CDC developed a 4-item set of HRQOL questions (HRQOL-4) to meet the need for a
brief and valid measure of HRQOL in the general population [30]. The HRQOL-4 scale was
derived from the original version of the Medical Outcomes Study 36-item Short-Form
Survey Instrument (SF-36) [15; 31]. Study subjects responded to the following four
questions that assessed general health and recent physical health, mental health, and activity
limitation: 1) “Would you say that in general your health is: excellent, very good, good, fair,
or poor?” (General health); 2) “Now thinking about your physical health, which includes
physical illness and injury, for how many days during the past 30 days was your physical
health not good?” (Physically unhealthy days: Physical HRQOL); 3) “Now thinking about
your mental health, which includes stress, depression, and problems with emotions, for how
many days during the past 30 days was your mental health not good?” (Mentally unhealthy
days: Mental HRQOL); 4) “During the past 30 days, for about how many days did poor
physical or mental health keep you from doing your usual activities, such as self-care, work,
or recreation?” (Activity-limitation days). The four single HRQOL measures have been
validated in both general and clinical populations, have been found to have acceptable
criterion validity, and have been used in numerous epidemiologic studies [31-35].

General health was dichotomized into “good” (excellent, very good, and good) and “poor”
(fair and poor) health status. The distributions of physically unhealthy days, mentally
unhealthy days, and activity-limitation days were dichotomized into <14 days (high
HRQOL) and = 14 days (low HRQOL) because this cut point corresponded to
approximately the 90th percentile for physically unhealthy days and mentally unhealthy
days in previous research [33]. The 14-day cutoff is often used as a marker for clinical
depression and anxiety disorders in clinical practice and research [33]. We also created an
overall HRQOL index to summarize the 4-item HRQOL measures by using the 0/1 scores
(high vs. low HRQOL) for the 4 HRQOL questions, and used it as one of our outcome
variables.

Measures of covariates

Sociodemographic characteristics—Study participants’ sociodemographic
characteristics included sex, age, race/ethnicity, household poverty income ratio (PIR),
marital status, education level, employment status (work at a job or business), and country of
birth. Based on self-reported information, participants were categorized as hon-Hispanic
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Whites, African Americans, Hispanic Americans, and other racial/ethnic group. PIR is an
index of income in relation to family need, derived from household income and federally
established poverty thresholds based on family size and annual changes in cost of living
[36]. PIR represents adjusted household income [37], and is a widely cited variable on the
NHANES dataset. In this study, household income status was categorized as: low income
(PIR < 1, below the official poverty threshold), middle income (PIR: 1-2), and high income
(PIR = 3). Country of birth was categorized as ‘US-born’ or ‘Foreign-born’ group based on
the question “In what country were you born?”.

Lifestyle factors—Participants were asked questions about their participation in sport(s),
exercise, or any other recreational activities: “1) Over the past 30 days, did you do any
vigorous activities for at least 10 minutes that caused heavy sweating or large increases in
breathing or heart rate? Some examples of activities are running, lap swimming, aerobics
classes, or fast bicycling. 2) Over the past 30 days, did you do any moderate activities for at
least 10 minutes that cause only light sweating or a slight to moderate increase in breathing
or heart rate? Some examples of activities are brisk walking, bicycling, swimming, dancing,
or golf.”. Participants were grouped into two categories: with physical activity participation
(individuals participated in moderate and/or vigorous recreational activities) and without
physical activity participation (individuals did not participate in any moderate or vigorous
recreational activities). Study participants also answered questions regarding their screen
time, including TV watching, video game playing, and computer use during the past one
month. Those with screen time > 2 hours per day were considered as having long screen
time.

Information on current cigarette smoking and alcohol consumption were also asked and
included as covariates in this study (yes vs. no). Regarding the caffeine consumption,
participants participated in two 24-hour dietary recall periods. The first 24-hour dietary
recall was done during the initial computer assisted personal interviews, while the second
recall occurred 3 to 10 days later by telephone. From the two 24-hour dietary recalls, we
calculated average caffeine consumption (mg/day). Caffeine intake from the dietary data
included fluid sources (coffee, tea and soda) and food sources (chocolate) [38]. Illegal drug
use was determined by asking participants whether they used marijuana, hashish, cocaine,
heroin, or methamphetamine (yes vs. no).

Health conditions—Measured weight and height were used to calculate body mass index
(BMI) and to define weight status: normal weight (BMI < 25 kg/m?2), overweight (BMI: 25—
29.9 kg/m?), and obesity (BMI = 30 kg/m?) [39]. Participants who self-reported at least one
of the following 15 chronic health conditions were considered as having chronic disease(s):
asthma, anemia, arthritis, diabetes, hypertension, chronic heart failure, coronary heart
disease, angina pectoris, myocardial infarction, stroke, emphysema, bronchitis, liver disease,
thyroid disease, and cancer [29].

Depression was determined by using the Patient Health Questionnaire-9 (PHQ-9).
Participants reported how often they were bothered by depressive symptoms over the
preceding 2 weeks, with scores on each question ranging from 0 (not at all) to 3 (nearly
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every day) for a total score ranging from 0 to 27. A total PHQ-9 score = 10 was considered
to be indicative of depressive symptoms (yes vs. no) [40].

Statistical analysis

RESULTS

Primary exposure variables in this study were sleep characteristics; and primary outcome
variables were general health, physical HRQOL, mental HRQOL, and overall HRQOL
index. Chi-square tests were used to examine the differences in the percentages of sleep
disturbances across sociodemographic characteristics including sex, race/ethnicity, and
country of birth. Multivariable logistic regression models were fit to examine the risk factors
for sleep disturbances, including sociodemographic and lifestyle factors, as well as health
conditions. Multivariable logistic regression models were also fit to evaluate the associations
between sleep disturbances and HRQOL with adjustment for potential confounders
including sociodemographic and lifestyle factors and health conditions. Adjusted odds ratios
(ORs) and 95% confidence intervals (95% CIs) were calculated. We also conducted
stratified analyses to determine whether associations between sleep disturbances and
HRQOL measures (using general health and overall HRQOL index) varied by sex, race/
ethnicity, and country of birth. Interaction terms were included and tested for statistical
significance in separate models. All analyses were conducted using survey-related
commands in SAS (version 9.3; SAS Institute, Inc., Cary, North Carolina) to account for the
complex sampling design. Statistical significance was set at two-tailed P values less than
0.05.

Characteristics of study participants

As shown in Table 2, about half of participants were aged 20-29 years, 47% were females,
17% were foreign-born, 81% had a job or business, 60% were married or living with a
partner, 30% were current smokers, 64% had ever used illegal drug, 65% had alcohol
consumption, and 31% were overweight (BMI: 25-29 kg/m?2) and 28% were obese (BMI >
30 kg/m?). Overall, 28% of young adults had one or more chronic disease(s), and 6% had
clinical depressive symptoms.

Regarding the HRQOL, 11% of participants reported having poor general health, 5.4% had
> 14 physically unhealthy days (low physical HRQOL), 10.9% had = 14 mentally unhealthy
days (low mental HRQOL) during the past 30 days, and 21.9% reported a low overall
HRQOL (data not shown in tables).

Percentages of sleep disturbances

Approximately 36% of US young adults had inadequate sleep (sleep < 7 hours per night),
42% had insomnia, 16% had trouble falling asleep, 37% had sleep latency 30 minutes or
more, 19% had daytime sleepiness, 4% took sleeping pills frequently, 4% had diagnosed
sleep disorder, and 9% had sleep apnea (Table 3). Compared with males, females had a
higher percentage of insomnia (48.6% vs. 35.9%, P<0.001), trouble falling asleep (19.8%
vs. 12.8%, P=0.002), and daytime sleepiness (23.1% vs. 15.8%, P<0.001). The percentage
of young adults with inadequate sleep was the highest for African Americans (51%),
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followed by young adults in other racial/ethnic group (37%), Whites (33.2%), and Hispanic
Americans (30.4%). US-born young adults had shorter sleep duration and more sleep
disturbances than their foreign-born counterparts. The percentages of insomnia and trouble
falling asleep were higher in US-born young adults than in foreign-born young adults
(45.0% vs. 26.8%, P<0.001; 18.5% vs. 4.5%, P<0.001; respectively).

Risk factors for sleep disturbances

Multivariable logistic regression models showed that females were 22% less likely to have
inadequate sleep than males (OR: 0.78; 95% CI: 0.61, 0.99) and 59% less likely to have
sleep apnea (OR: 0.41; 95% CI: 0.27, 0.62), but were 64% more likely to have insomnia
(OR: 1.64; 95% ClI: 1.31, 2.04) and 49% more likely to have daytime sleepiness (OR: 1.49;
95% ClI: 1.13, 1.96) (data not shown in tables). Individuals aged 30-39 years were 31%
more likely to have snoring than those aged 20-29 years. Education level was significantly
and inversely related to sleep duration. Young adults with higher education level were more
likely to report insomnia, daytime sleepiness, and sleep disorder. Those with higher PIR
were less likely to have inadequate sleep, use sleeping pill, and have sleep disorder. Both
African Americans and other racial/ethnic group were more likely to have inadequate sleep.
Foreign-born young adults were less likely to have inadequate sleep, sleep disorder, and
trouble falling asleep. Those with a job or business were 41% less likely to have trouble
falling asleep (OR: 0.59; 95% CI: 0.42, 0.81). Young adults who were married or living with
a partner were less likely to have long sleep latency, but were more likely to report sleep
apnea (OR: 1.58; 95% ClI: 0.99, 2.53).

Physical activity participation was inversely associated with sleep latency, while young
adults with long screen time were 23% more likely to have long sleep latency (data not
shown in tables). Smoking and alcohol drinking were significantly related to high risks of
inadequate sleep, insomnia, and snoring. Illegal drug use was significantly associated with
insomnia, long sleep latency, daytime sleepiness, while caffeine consumption was related to
RLS. Chronic disease and depression were strongly and significantly related to inadequate
sleep, long sleep latency, daytime sleepiness, sleeping pill use, insomnia, and RLS. Obesity
was significantly associated with sleep disorder, sleep apnea, and snoring.

Associations between sleep characteristics and HRQOL

After adjustment for potential confounders, sleep disturbances were significantly associated
with low HRQOL (Table 4). Young adults who slept < 7 hours were more likely to report
poor general health (OR: 1.66; 95% CI: 1.19, 2.30), low physical HRQOL (OR: 1.58; 95%
Cl: 1.01, 2.46), low mental HRQOL (OR: 1.39; 95% CI: 0.96, 2.00), and low overall
HRQOL (OR: 1.54; 95% CI: 1.21, 1.96) than those sleeping = 7 hours. Compared with
young adults who reported having 7-8 hours of sleep, the adjusted OR of poor general
health was 1.60 (95% CI: 1.08, 2.35) for those sleeping 6—7 hours and 1.88 (95% ClI: 1.23,
2.86) for individuals sleeping < 6 hours. Similar results were found for sleep duration with
overall HRQOL. Insomnia and daytime sleepiness were significantly associated with poor
general health, low mental HRQOL, and low overall HRQOL. Those with sleep latency = 30
minutes, trouble falling asleep, and sleeping pill use were more likely to have low mental

Qual Life Res. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Chen et al. Page 8

HRQOL and low overall HRQOL. We found that sleep disorder, sleep apnea, snoring, and
RLS were not significantly associated with HRQOL.

Stratified analyses for the sleep-HRQOL association

As shown in Table 5, the significant association between inadequate sleep and HRQOL
(poor general health domain) varied little by sex, race/ethnicity, and country of birth (all
Pinteraction >0.05). Although a significant association between daytime sleepiness and poor
general health was observed in men but not in women, the interaction term was not
significant (Pinteraction=0.113). We found associations between insomnia and poor general
health across racial/ethnic groups (Pinteraction=0.505). A significant association between long
sleep latency and poor general health was found among foreign-born but not US-born young
adults, however, the interaction term was not significant (Pinteraction= 0-355). The significant
associations for insomnia and daytime sleepiness with poor general health varied little by
country of birth (both Pjnteraction >0.05). We found similar results for the overall HRQOL
index stratified by sex, race/ethnicity, and country of birth (data not shown in tables).

DISCUSSION

The transition from adolescence to young adulthood marks the beginning of biological,
cognitive, and physiological changes in addition to increases in academic demands and
psychosocial stress [42]. Hormonal changes, alterations in neuromuscular tone, and changes
in lifestyle factors such as energy drinks, alcohol consumption, and cigarette smoking may
contribute to the development of sleep disturbances among young adults [43; 44]. Using
nationally representative data, we found that sleep disturbances were common in US young
adults. Approximately 42% had insomnia, 19% had daytime sleepiness, and 4% took
sleeping pills frequently. African Americans had the highest percentage of short sleep, while
Whites had more insomnia than other racial/ethnic groups. US-born young adults had more
sleep disturbances than their foreign-born counterparts. Short study duration and other sleep
disturbances were significantly associated with low HRQOL, independent of
sociodemographic and lifestyle factors and health conditions.

Sleep disturbances and related risk factors

Several studies have found that sleep problems are common among college students [2—4;
45]. A small cross-sectional study reported that more than 60% of US college students had
poor sleep [2]. Sing et al reported that 69% of college students in Hong Kong had insomnia,
and stress and depression significantly predicted insomnia [45]. Another cross-sectional
study reported that 27% of nursing students in Italy had insomnia [4]. Unsatisfactory
academic progress and its related psychosocial stress in college students may increase the
risk of sleep disturbances [4; 45]. On the other hand, insufficient sleep and sleep
disturbances also causes poor academic and job performance [9-13].

The National Sleep Foundation recommends that healthy adults sleep 7-9 hours per day
[27]. The 2001-2002 BRFSS study found that over one fourth of US adults (26%) reported
frequent sleep insufficiency [16]. The National Health Interview Survey 2004-2007 showed
that 30% of civilian employed US adults reported an average sleep duration of < 6 hours per
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day [41]. Our study showed that 36% of young adults slept < 7 hours and 14% slept < 6
hours. The percentage of young adults with short sleep was higher in our study than the one
among college students (21% slept < 7 hours; 6% slept <6 hours) from 24 countries reported
by Steptoe and colleagues [46]. US-born young adults were more likely to have insomnia
and other sleep disturbances than their foreign-born counterparts. Consistent with our
findings, a recent study reported that Mexican-born US immigrants had longer sleep
duration and less insomnia symptoms than the general US population [20]. We also found
that obese individuals were more likely to have sleep disorder and sleep apnea than their
non-obese counterparts, similar to previous studies [47; 48] Longer screen time was
significantly associated with trouble falling asleep. We found that high education level,
chronic disease, depression, cigarette smoking, and illegal drug use were significantly
associated with insomnia among US young adults. Modifications of these lifestyle behaviors
may be vital to the effective control of sleep disturbances among young adults.

The Coronary Artery Risk Development in Young Adults (CARDIA) study (Chicago) of
669 US adults aged 38-50 years showed significant race-sex differences in average sleep
duration: 6.7 hours for White women, 6.1 hours for White men, 5.9 hours for African
American women, and 5.1 hours for African American men [20]. The 2010 Seepin
America poll released by the National Sleep Foundation (NSF) revealed significant
differences in the sleep habits across racial/ethnic groups [27]. While African Americans
reported the least amount of sleep [27], Whites reported the highest rate of diagnosis for
insomnia, similar to our current findings. We also found that African Americans had longer
sleep latency than other racial/ethnic groups, which was consistent with the NSF report.
African Americans spend more time in bed without sleeping but watching TV or other
activities than other racial/ethnic groups [27]. In our study, women were more likely to have
insomnia and daytime sleepiness than men, although women reported longer sleep duration
than men. We also found that depression was highly linked to insomnia. These findings
were consistent with previous reports [27; 49]. Hormonal changes related to the menstrual
cycle [50], night-time awakenings to take care of children and/or other family members, and
tasks and responsibilities more commonly performed by women, may increase their
vulnerability to disturbed sleep and contribute to gender difference in sleep disturbances [50;
51]. Our findings based on nationally representative data provide additional evidence that
sleep disturbances are common and are related to many risk factors in US young adults.

Sleep disturbances in relation to impaired HRQOL

Previous research has reported mixed results regarding the associations of sleep disturbances
with HRQOL [46; 52; 53]. A cross-sectional study of middle-aged residents of San Diego in
the US found no relationship between sleep duration and HRQOL [53]. Another cross-
sectional study of UK adults from the Whitehall Il Study and US adults from the Western
New York Health Study reported significant, consistent associations between short sleep
duration and physical and mental domains of HRQOL, while there was no significant
association between long sleep duration and mental domain of HRQOL [52]. The 2001-
2002 BRFSS study found that adults with frequent sleep insufficiency were significantly
more likely than those without frequent sleep insufficiency to report poor general health,
frequent physical and mental distress, activity limitations, as well as impaired HRQOL [16].
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Steptoe et al reported that short sleep duration was related to poor self-rated health in both
men and women from 27 universities, while longer sleep duration was not related to general
health [46]. Similar to prior research [16; 46; 52], our study showed that young adults with
short sleep (<6 hours) were more likely to have poor general health and low HRQOL (e.g.,
mental domain and overall HRQOL). This association was independent of potential
confounders. Consistent with previous findings [46; 52], we found no significant association
between long sleep duration and poor general health or overall HRQOL. Although sleep
research of middle-aged and older participants has documented adverse health effects from
both short and long sleep [6; 54], sleep duration may be related to different health outcomes
across age groups [46]. Younger adults typically sleep longer than middle-aged and older
adults, which may reflect primary physiological processes [55].

Several studies have consistently shown that insomnia is independently associated with
impaired HRQOL in clinic patients [56; 57] and the general population [14; 58]. Katz et al
reported that the prevalence of insomnia was 50% among patients aged = 40 years with
chronic medical or psychiatric conditions, and insomnia was independently associated with
impaired HRQOL across several domains, especially mental health and general health
perceptions [56]. Similar to prior reports, we found that insomnia among US young adults
was independently associated with poor general health, low mental HRQOL, and low
overall HRQOL. Mental aspects of HRQOL might be strongly affected by sleep
characteristics compared with physical aspects of HRQOL. Sleep deprivation and insomnia
are highly associated with daytime sleepiness and fatigue, which may lead to impairments in
functioning optimally and mental HRQOL eventually.

To our knowledge, no published report has examined whether the associations between
sleep disturbances and HRQOL are modified by sociodemographic characteristics. In this
study, we found that the associations between sleep and HRQOL varied little by sex, race/
ethnicity, or country of birth, contrary to our hypothesis. This might be due to self-reported
sleep information used in our study. African Americans and Hispanic Americans might have
under-estimated their sleep disturbances. One recent study, for example, revealed that
African Americans and Hispanic Americans were relatively optimistic in their ratings than
Whites [59]. Future studies that deploy objective measures of sleep may overcome
limitations associated with reliance on self-reported sleep measures.

Our study and previous research provide strong evidence that sleep disturbances are highly
related to low HRQOL. The possible mechanism underlying this link might be that
inadequate sleep and sleep disturbances can affect immune system and the ability to function
optimally, impair performance of school, work, and social activities on a daily basis, and can
have a major impact on physical, mental, emotional well-being, and overall HRQOL [16;
60].

Study strengths and limitations

Our study has several strengths. First, it is based on nationally representative data. This
allows greater generalizability than previous small studies. Second, we performed a robust
set of data analyses to examine the associations between sleep disturbances and HRQOL by
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controlling for potential confounders. Third, the brief measure of HRQOL used in our study
has been validated and used to examine HRQOL in the general populations [33; 35].

A major limitation of this study is its cross-sectional study design thus the inability to
delineate causality, in other words, we are unable to detect whether sleep disturbances lead
to low HRQOL or vice versa. Future longitudinal studies with serial assessments of sleep
and HRQOL change are warranted to thoroughly elucidate bi-directional associations
between sleep disturbances and HRQOL among young adults. Another limitation is that
sleep disturbances were assessed by self-reported questionnaire. Objective measures of sleep
are warranted to confirm our findings. Furthermore, our study only included US young
adults aged 20-39 years. Thus, the results might not be generalized to other populations or
other age groups. The findings were only based on participants with complete data.
However, we found no significant differences in the sleep, HRQOL, and sociodemographic
characteristics between participants included in this study and those excluded from this
study. In addition, similar to other studies, HRQOL is based on a brief 4-item questionnaire,
which is subject to measurement error and report bias although the questions have been
validated.

Despite these limitations, our study has important clinical and public health implication,
given that short sleep duration and sleep disturbances are common among US young adults
and are significantly associated with low HRQOL. Young adults will play a key role when
they become professional. Our study emphasizes the needs for recognition and appropriate
management of sleep disturbances among young adults. Considering the various adverse
health consequences of sleep disturbances, efforts to expedite screening and treatment are
indicated to help improve HRQOL among young adults. Our findings also underscore the
need to educate young adults on the importance of adequate sleep and potential influences of
sleep disturbances on HRQOL.

In conclusion, our study based on nationally representative data showed that sleep
disturbances such as inadequate sleep and insomnia were common among US young adults.
Sleep disturbances were significantly associated with low HRQOL. These associations
varied little by sex, race/ethnicity, and country of birth. Our study demonstrates the need to
assess sleep disturbances and identify those most at risk of adverse health consequences.
Short sleep and insomnia may be more of a concern for young adults in the US. Our findings
suggest that identification and appropriate screening of sleep disturbances among young
adults may increase their sleep quality and HRQOL. Further prospective studies, with
objective measures of sleep duration and sleep quality, are needed to examine the bi-
directionality and causal relation of sleep disturbances with diminished HRQOL. Given the
significant associations between sleep disturbances and HRQOL observed in our study,
appropriate intervention programs may be important to be developed in order to improve
sleep quality and HRQOL among young adults.
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