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Abstract

Study Objectives: To identify systematic biases across groups in objectively and subjectively measured sleep duration.

Methods: We investigated concordance of self-reported habitual sleep duration compared with actigraphy- and single-night in-home 
polysomnography (PSG) across white, black, Hispanic, and Chinese participants in the Multi-Ethnic Study of Atherosclerosis.

Results: Among 1910 adults, self-reported sleep duration, determined by differences between bed and wake times, was overestimated in 
all racial groups compared with PSG and actigraphy. Compared with whites (ρ = 0.45), correlations were significantly lower only in blacks 
(ρ = 0.28). Self-reporting bias for total sleep time compared with wrist actigraphy was 66 min (95% confidence interval [CI]: 61–71) for whites, 
58 min (95% CI: 48–69) for blacks, 66 min (95% CI: 57–74) for Hispanics, and 60 min (95% CI: 49–70) for Chinese adults. Compared with PSG, 
self-reporting bias in whites at 73 min (95% CI: 67–79) was higher than in blacks (54 min [95% CI: 42–65]) and Chinese (49 min [95% CI: 37–61]) 
but not different from Hispanics (67 min [95% CI: 56–78]). Slight agreement/concordance was observed between self-reported and actigraphy-
based total sleep time (kw = 0.14 for whites, 0.10 for blacks, 0.17 for Hispanics, and 0.11 for Chinese) and PSG (kw = 0.08 for whites, 0.04 for 
blacks, 0.05 for Hispanics, and 0.01 for Chinese) across race/ethnicity.

Conclusions: Self-reported sleep duration overestimated objectively measured sleep across all races, and compared with PSG, overestimation 
is significantly greater in whites compared with blacks. Larger reporting bias reduces the ability to identify significant associations between 
sleep duration and health among blacks compared with whites. Sleep measurement property differences should be considered when 
comparing sleep indices across racial/ethnic groups.
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Statement of Significance
Little prior research has investigated the extent to which self-reported measures may misclassify sleep duration. We found that self-

reported sleep duration overestimated objectively measured sleep across all racial/ethnic groups. Self-reported sleep duration only mod-
erately correlated (ρ = 0.38) with multiday actigraphy-based assessments and even less with single-night polysomnography (PSG) (ρ = 0.20). 
Discrepancies between PSG and actigraphy were largely explained by underestimated wake after sleep onset as measured by actigraphy. Self-
reported compared with PSG-measured overestimation of sleep duration was greater for whites compared with blacks and Chinese. However, 
significantly higher correlations for self-reported sleep duration and objectively measured sleep as well as better calibration (for some meas-
ures) among whites compared with blacks suggest a greater potential for random misclassification of sleep in blacks compared with whites.
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Introduction
Short sleep duration (<7  hr) is associated with increased risk 
of obesity, diabetes, hypertension, cardiovascular disease (CVD), 
and premature mortality [1–3]. Most epidemiological stud-
ies rely on self-reported sleep duration, and few studies have 
investigated the extent to which self-reported sleep reflects 
average objectively measured sleep. Most of these studies were 
 conducted among predominately white populations [4–11], 
with a recent study examining this question in a Hispanic 
 population [12].

Two common sleep disorders—insomnia and sleep apnea—
each may influence the relationship between self-reported 
and objectively measured sleep duration. In particular, insom-
nia may influence perceived sleep duration and sleep apnea 
may reduce the accuracy of actigraphy-based sleep duration. 
However, the influence of these disorders on measurement 
error (or self-reporting bias) across population samples has not 
been addressed. No study has yet also compared sleep duration 
measures as derived from a questionnaire versus from a poly-
somnography (PSG) among white, black, Latino, and Chinese 
participants.

To address these important gaps in the literature, we 
analyzed wrist actigraphy, PSG, and sleep questionnaires 
obtained in the Multi-Ethnic Study of Atherosclerosis (MESA), 
with the following aims: to (1) investigate reporting bias of 
self-reported sleep duration (based on reported bed and wake 
times) on weekdays compared with three objective measures 
of sleep duration (i.e. average nightly sleep duration over 
weekdays and average time in bed, from 5  day wrist actig-
raphy; single-night sleep duration from in-home PSG) within 
and between white, black, Hispanic, and Chinese study par-
ticipants; (2) determine the concordance/agreement of self-
reported vs. multiday actigraphy compared with in-home PSG 
(the standard approach for directly measuring electroenceph-
alography (EEG)-defined sleep periods); (3) determine the con-
cordance of multiday actigraphy compared with single-night 
in-home PSG; (4) across races, determine whether there is dif-
ferential measurement error or bias for concurrently meas-
ured single night actigraphy vs. in-home PSG; and (5) evaluate 
the influence of prespecified subgroups and health conditions 
on reporting bias differences between subjective and object-
ive sleep duration. We hypothesized that (1) self-reported data 
from questionnaires will overestimate sleep duration com-
pared with both actigraphy (for total sleep time and average 
time in bed) and PSG; (2) self-reporting biases of sleep dur-
ation will vary across racial/ethnic groups, but the direction 
of the reporting biases will not differentially vary (i.e. either 
under- or overestimation) between the various racial/eth-
nic groups; (3) self-reported sleep duration will more closely 
agree with actigraphy-determined time in bed than actigra-
phy- or PSG-based total sleep time and will not significantly 
vary between racial/ethnic groups; and (4) reporting biases for 
each racial group will not significantly vary by self-reported 
symptoms of insomnia and sleep apnea. These findings will 
help us to interpret the literature on sleep duration as well as 
inform future research aimed at understanding sleep health 
as objective sleep data may be necessary if subjective, self-
reported data are shown to produce self-reporting bias or 
mask true associations.

Methods

Multi-Ethnic Study of Atherosclerosis

The data utilized in these analyses come from the MESA, a lon-
gitudinal study which at baseline (2000–2002) recruited 6814 
men and women who were between 45 and 84  years old and 
from six US cities. The study was designed to prospectively 
examine risk factors for subclinical CVD and its progression to 
clinical disease. Each site recruited between 1066 and 1319 eli-
gible (e.g. free of clinical CVD at baseline) participants, equally 
divided between men and women, and according to specified 
race/ethnicity proportions. Although the cohort was commu-
nity-based, the emphasis of MESA sampling was to obtain bal-
anced recruitment across strata defined by sex, ethnicity, and 
age group rather than to represent the demographic distribu-
tion of the source communities. Approximately, 38.5 per cent 
of the cohort is white, 27.7 per cent black/African-American, 22 
per cent Hispanic, and 11.8 per cent Asian, predominantly of 
Chinese descent. This analysis utilized data on sleep measure-
ments made as part of an ancillary study that was conducted 
shortly after the fifth examination (2010–2013). All MESA par-
ticipants except those reporting regular use of oral devices, noc-
turnal oxygen, or nightly positive airway pressure devices were 
invited to participate in the MESA Sleep Ancillary Study, which 
consisted of PSG, actigraphy, and sleep questionnaire data col-
lected during an in-home examination. Of 4077 participants 
approached, 147 (6.5%) were ineligible (95 due to a history of 
the use of positive airway pressure [2%], 4 due to use of an oral 
appliance, and 4 due to oxygen use) and 141 participants lived 
too far away to participate. Of the remaining 3789 participants, 
2261 participated in the sleep exam (59.7%). Of these, 1910 par-
ticipants were eligible for these analyses as they had complete 
sleep questionnaire, wrist actigraphy, and PSG data. This sub-
cohort was very similar to the full sample in terms of sex and 
race, whereas the subcohort was older and more educated. The 
Partners Health Care Research Committee and the Institutional 
Review Board at each study site approved our study. Written 
informed consent was obtained from all participants.

Measurements

Sleep duration measures
Sleep questionnaire. Participants completed a self-reported ques-
tionnaire adapted from the Hispanic Community Health Study/
Study of Latinos questionnaire, administered in English or 
Chinese [13]. Total sleep time or duration was computed by ask-
ing participants what time they wake-up and what time they go 
to bed on weekdays (work/school days) and, separately, week-
ends (free days). We did not include weekends in this analysis 
because degree of self-reporting bias or measurement error may 
differ. For some analyses, sleep duration was categorized into 
short sleep (<7 hr), recommended sleep (7 and 8 hr), and long 
sleep (≥9 hr).

Wrist actigraphy. Participants were asked to wear the Actiwatch 
Spectrum (PA, USA) on the nondominant wrist for seven consecu-
tive days. A minimum of four (out of a maximum of 5) weekdays 

2 | SLEEPJ, 2018, Vol. 41, No. 6



were required for analyses other than for single night compari-
sons between actigraphy and PSG measurements. Actigraphic 
data were scored in 30 s epochs as sleep or wake using Actiware-
Sleep version 5.59 software as previously described by a central 
Sleep Reading Center (Brigham and Women’s Hospital, Boston, 
MA) by scorers blinded to other data [14]. Total sleep duration 
was calculated as the sum of epochs scored as sleep in each 
main sleep interval (manually identified based on a self-actu-
ated event marker, sleep diary, and light sensor) averaged over 
all days of valid recording. Inter- and intrascorer reliability was 
assessed; intraclass  correlation coefficients for sleep duration 
exceeded 0.90. The per cent of the sleep period that was spent 
sleeping (sleep maintenance efficiency, and number as well as 
duration of awakenings per night) was also calculated. Average 
time in bed was calculated as the total time between “lights off” 
and “lights on” (including sleep and wake episodes during the 
sleep period).

Polysomnography.  PSG was conducted in participants’ homes using 
a 15-channel Type 2 monitor (Somte System; Compumedics Ltd., 
Abbotsville, Australia). A  two-person research team attached 
the sensors in the late evening, before the participants’ usual 
bedtime. Participants were asked to follow their usual bedtime 
sleep practices. The recording montage included EEG, bilateral 
electrooculograms, a chin electromyography (EMG), bipolar 
electrocardiography (ECG), thoracic and abdominal respiratory 
inductance plethysmography, airflow measured by thermistry 
and nasal pressure, finger pulse oximetry, and bilateral limb 
movements, as previously described [15]. Sleep stages were 
scored on an epoch by epoch basis using standard scoring crite-
ria centrally, by scorers blinded to all other data [16]. PSG sleep 
time was defined as the total minutes scored as sleep during the 
sleep period.

Potential moderators of measurement error/self-reporting bias
Race/ethnicity. Participants self-identified their race/ethnicity 
as non-Hispanic white, non-Hispanic black/African-American, 
Hispanic/Latino, or Chinese (hereafter, white, black, Hispanic, or 
Chinese).

Age group and  sex. We investigated potential differences in 
whether self-reporting bias differed for participants who were 
45–64 and 65–84 years, and between men and women.

Insomnia and sleep apnea. Insomnia was based on self-report using 
the Women’s Health Initiative Insomnia Rating Scale score of ≥9 
(range: 0–20) [17]. From PSG, the Apnea-hypopnea index  (AHI) 
was derived as the sum of the number of obstructive apneas and 
hypopneas associated with >4 per cent desaturation divided by 
sleep duration. Obstructive sleep apnea (OSA) was defined using 
cutoff for “moderate” OSA of AHI ≥ 15 events per hour.

Depression. Depression was defined as a score of ≥16 on the 
Center for Epidemiological Studies of Depression (CES-D), a 
20-item tool with high internal validity (α = 0.85) [18].

Educational attainment. Educational attainment was based on a 
nine-point scale ranging from 0 to 8 and grouped into four edu-
cational categories (less than high school, high school, some col-
lege [including vocational/technical training], college or greater).

Primary spoken language. Primary spoken language (Spanish vs. 
English or Chinese vs. English) of participants was determined 
through self-report.

Measures of sociodemographic characteristics
Marital status was classified as married/living with partner, 
divorced/separated/widowed, or never married. Income, based 
on total gross family income, was categorized as <$25,000, 
$25,000 to 74,999, and ≥$75,000. Smoking status and lifetime 
alcohol consumption were classified as “never,” “current,” or 
“former.” Measured weight and height were used to calculate 
BMI and categorized as follows: 15–<18.5, 18.5–<25, 25–<30, 
and ≥30  kg/m2, to represent underweight, normal, overweight, 
and obese individuals [19]. We also defined underweight, nor-
mal, overweight, and obese categories for Chinese participants 
as follows: 15–<18.5, 18.5–<23, 23–<25, and ≥25 kg/m2 based on 
the International Association for the Study of Obesity and the 
International Obesity Task Force guidelines for Asians [20]. The 
prevalence of hypertension (yes vs. no) was defined as systolic 
blood pressure (BP) ≥ 140 mm Hg and/or diastolic BP ≥ 90 mm Hg 
or self-reported treatment for hypertension.

Analytic sample
Participants were excluded if they had missing data for sleep 
duration on the sleep questionnaire, less than 4 weekdays of 
wrist actigraphy, or missing PSG. Of the 2240 participants, 330 
(15%) did not have complete data for the sleep variables and 
other important covariates, which resulted in a final analytic 
sample of 1910 participants.

Statistical analysis

Spearman correlation coefficients were calculated between self-
reported and measured sleep duration overall and by age and 
sex groups using multiday wrist actigraphy for total sleep time 
and average time in bed as well as in-home PSG–measured total 
sleep time. The error in self-reported sleep duration was calcu-
lated as the differences between self-reported and objectively 
measured sleep duration along with the corresponding 95% con-
fidence interval (CI) for whites, blacks, Hispanics, and Chinese 
adults. Linear regression models were employed to regress sub-
jective sleep onto the objectively measured sleep for whites, 
blacks, Hispanics, and Chinese adults, separately. Among each 
racial/ethnic group separately, we evaluated the model’s inter-
cept for potential bias (centering on 7 hr), the regression slope 
for degree of calibration, and weighted/unweighted κ statistics 
for the degree of statistical discrimination between the subjec-
tive and each objective sleep duration measure. Bias captures 
the degree to which, on average, participants over- (if intercept 
> 0) or under-estimate (if <0) sleep. Where there is no bias, the 
intercept would be zero. The regression slope represents calibra-
tion, which is the relationship between the two scales, or the 
change in the subjective (self-reported sleep duration) relative 
to change in the objective measure (PSG or wrist actigraphy 
measured sleep duration). A  slope of 1 indicates perfect syn-
chrony between, for example, self-report and PSG: a minute 
on either scale would equal a minute on an absolute measure, 
e.g. an atomic clock. Self-report and PSG could also be perfectly 
calibrated with a slope other than 1, e.g. 0.50: in this case, 1 min 
in self-reported sleep would equal a half-minute in PSG, and 
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the latter would agree with a half-minute on an atomic clock. 
In other words, poorly calibrated models have large CIs around 
the slope. But unlike calibration in a field like physics, there 
is uncertainty in the calibration of psychological time (self-
report), e.g. PSG. The CIs around the slope are larger when there 
is more uncertainty in the calibration (more variability in the 
relationship between subjective and objective sleep). When the 
CIs do not overlap between two calibration values (e.g. slopes 
for black participants versus whites), the calibration (relation-
ship of the measures to each other) differs between the two 
groups. Furthermore, discrimination measures the degree to 
which individuals with higher objective measures also tend to 
be those with higher subjective measures, regardless of bias or 
calibration. It is captured via κ statistics measuring agreement, 
over and beyond chance, between categories of subjective and 
objective measures of sleep duration. We considered a less than 
chance agreement ≤ 0, slight agreement = 0.01–0.20, fair agree-
ment = 0.21– 0.40, moderate agreement = 0.41–0.60, substantial 
agreement  =  0.61–0.80, and almost perfect agreement  =  0.81–
0.99. We further stratified by a priori variables hypothesized to 
modify the association between subjective and objective sleep 
duration, which included sociodemographic (age, sex, educa-
tional attainment, and language spoken) and health condi-
tions (depression, insomnia, and sleep apnea) (Supplementary 
Table 1).

Bland–Altman plots were employed to further analyze the 
agreement between the subjective and objective measurements. 
The mean difference represents the estimated bias, and the 
standard deviation (SD) of the differences measures the random 
fluctuations around the mean.

We tested the differences between Spearman correlations 
(rho: ρ) using bootstrap estimation. For a given pair of Spearman 
correlations (e.g. ρ [self-report vs. PSG] for black vs. white partici-
pants), we sampled with replacement from the black dataset and 
white dataset 1000 times, each time calculating the difference 
in ρ values for black vs. whites, to obtain the standard error of 
this difference, and thence the probability of the corresponding z 
value based on bootstrap difference and standard error. We also 
used Levene’s test for equality of variances using individual night 
sleep data from self-report and actigraphy for the 5 weekdays to 
examine racial differences in nightly sleep duration variability. All 
tests for significance were two-sided and a p-value of <0.05 was 
considered statistically significant. STATA 14 statistical software 
(Stata Corporation, College Station, Texas, USA) was used.

Results

Study population characteristics

Table 1 shows sociodemographic, health behavior, and clinical 
characteristics among 1910 white, black, Hispanic, and Chinese 
participants. Their mean age was 68.3  ±  9.1  years, and 54 per 
cent were women. Forty per cent had at least a college education 
and 26 per cent had an annual household income of <$25,000. 
Thirty-seven per cent were white, 28 per cent black, 24 per 
cent Hispanic/Latino, and 11 per cent were Chinese. Hispanics 
were most likely to have less than a high school education and 
Chinese participants were the most likely to be married and 
normal weight. Black participants were the most likely to be 
widowed, separated, or divorced, obese, and current smokers. 
Whites were more likely to have a college education or greater 

and a household income ≥$75,000. The prevalence of moderate 
or more severe sleep apnea was 33 per cent and insomnia symp-
toms were 36 per cent.

The mean self-reported sleep duration on weekdays was 
7.9  ±  1.5  hr for all races combined (8.0  ±  1.2  hr for whites, 
7.7 ± 1.8 for blacks, 7.9 ± 1.6 for Hispanics/Latinos, and 7.8 ± 1.2 
for Chinese participants). Actigraphy-based estimates of week-
day sleep duration averaged 6.4 ± 1.4 hr across all groups and 
are shown in Table 1. Mean sleep duration based on single-night 
in-home PSG was 6.0 ± 1.4 hr for all races combined (6.2 ± 1.3 hr 
for whites, 5.8 ± 1.5 for blacks, 5.9 ± 1.3 for Hispanics/Latinos, 
and 6.0 ± 1.4 for Chinese participants). Self-reports were overes-
timates in all racial groups compared with PSG, and variability 
(expressed as SD) in sleep duration (minutes) was greater for all 
racial/ethnic minorities (117.89 for blacks; 115.23 Latinos; 100.37 
Chinese) than whites (99.05).

Figure  1 further illustrates race-specific distributions of 
weekday sleep duration from self-report, total sleep time and 
average time in bed from actigraphy, and total sleep time from 
in-home PSG. Based on graphs, the most apparent racial differ-
ences were observed for self-reported sleep duration with whites 
appearing the most likely to report getting the recommended 
amounts of sleep (i.e. 7 to 8  hr), and blacks tending to report 
both shorter and longer sleep durations than other racial/eth-
nic groups. Overall distributions of weekday sleep duration for 
all measures are shown in Supplementary Figure 1. Compared 
with PSG, self-reported measures overestimated sleep duration 
the most, followed up by actigraphy-based average time in bed 
and total sleep time. Within race, higher values of sleep duration 
were observed for self-report compared with wrist actigraphy, 
whereas even lower values were generally observed for PSG 
(Supplementary Figure 2). Bland–Altman plots of the systematic 
difference between self-reported and measured sleep duration 
showed measurement error patterns that appeared to differ by 
race and ethnicity (Supplementary Figure 3). Self-reporting bias 
appeared to increase with increasing average sleep duration 
from the two measures among blacks and Hispanics.

Sleep duration based on self-report vs. multiday 
wrist actigraphy measuring average weekday total 
sleep time

Self-reporting bias for total average weekday sleep time based 
on wrist actigraphy was 66 min (95% CI: 61–71) for whites, 58 min 
(48–69) for blacks, 66 min (57–74) for Hispanics, and 60 min (49–
70) for Chinese adults (Table 2). There were no significant dif-
ferences in self-reporting bias or measurement error between 
racial/ethnic groups. Within racial/ethnic groups, Chinese indi-
viduals of 45–64 years old had a significantly lower self-report-
ing bias compared with those 65–84  years (34  min [20–49] vs. 
78 min [64–92]); similar age pattern was observed for Hispanics, 
although nonsignificant. Black men had a lower self-reporting 
bias than black women (37 min [19–55] vs. 71 min [57–84]).

Spearman correlations based on self-report vs. wrist actig-
raphy measured total sleep time were ρ = 0.38 overall, with cor-
relations significantly lower only among blacks compared with 
whites (ρ = 0.45 for whites, ρ = 0.28 blacks, ρ = 0.38 Hispanics/
Latinos, and ρ = 0.35 Chinese) (Table 3). Therefore, we found that 
20 per cent of the variation in self-reported sleep duration was 
explained by actigraphy-estimated sleep among whites, 8 per 
cent among blacks, 14 per cent among Hispanics, and 12 per 
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cent among Chinese participants. Correlations between self-

reported and actigraphy-measured sleep duration were similar 

across strata of age and sex and were not significantly different 

for total sleep time as measured by wrist actigraphy.

As shown in Table 4, across all races, the weighted κ statistics 

between self-report sleep duration categories and sleep time 

measured by actigraphy indicated slight agreement (kw = 0.14 for 

whites, 0.10 for blacks, 0.17 for Hispanics, and 0.11 for Chinese).

Sleep duration based on self-report vs. multiday 
wrist actigraphy measuring average weekday time 
in bed

Self-reporting bias for sleep duration compared with actigraphy-
based average time in bed was 48 min (42–53) for whites, 46 min 
(37–55) for blacks, 48 min (39–56) for Hispanics, and 47 min (38–
56) for Chinese adults (Table 3). Older Hispanics (62 min [52–73] 
vs. 26 min [14–39]) and older Chinese (68 min [56–81] vs. 21 min 

Table 1. Sociodemographic, health behavior, and clinical characteristics among 1910 participants of the Multi-Ethnic Study of Atherosclerosis, 
2010–2013

White n = 701  
(37%)

Black n = 539  
(28%)

Hispanic n = 457  
(24%)

Chinese n = 213 
(11%)

Total N = 1910 
(100%)

Age (years ± SD) 68.4 ± 9.0 68.5 ± 9.0 68.2 ± 9.3 67.6 ± 8.9 68.3 ± 9.1
 45–64 years 40 40 41 44 41
 65–84 years 60 60 59 56 59
Women 54 55 53 54 54
Marital status†

 Married 66 50 58 82 61
 Divorced/separated/widowed 26 41 37 15 32
 Never married 8 9 5 3 7
Educational attainment
 <High school 3 8 40 17 15
 High school graduate 14 16 20 13 16
 Some college (including vocational/tech) 25 40 28 23 29
 College or greater 58 36 12 47 40
Annual Household income†

 <$25,000 12 23 45 41 26
 $25,000–74,999 45 52 45 32 46
 ≥$75,000 43 25 10 27 28
Weekday sleep duration (hr ± SD)
 Self-reported (subjective)§ 8.0 ± 1.2 7.7 ± 1.8 7.9 ± 1.6 7.8 ± 1.2 7.9 ± 1.5
 Actigraphy total sleep time (objective)|| 6.8 ± 1.2 6.0 ± 1.4 6.5 ± 1.4 6.3 ± 1.3 6.4 ± 1.4
 Actigraphy time in bed (objective)¶ 7.5 ± 1.3 6.7 ± 1.6 7.3 ± 1.5 7.1 ± 1.4 7.2 ± 1.5
 Polysomnography (objective)# 6.2 ± 1.3 5.8 ± 1.5 5.9 ± 1.3 6.0 ± 1.4 6.0 ± 1.4
 Variability in sleep duration†† 99.05 117.89 115.23 100.37 111.56
Health behaviors
Smoking status
 Never 47 48 60 85 55
 Current 6 12 4 3 7
 Former 47 40 36 12 38
Current alcohol use
 Yes 62 42 31 15 44
BMI categories
 Underweight 1 0 0 3 1
 Normal 30 16 15 37 23
 Overweight 39 35 42 24 37
 Obese 30 49 43 36 39
Clinical characteristics
 Obstructive sleep apnea (yes)‡‡ 28 32 38 37 33
 Insomnia (yes)§§ 35 38 38 29 36
 Depression (yes)‡ 13 13 20 10 14
 Hypertension (yes) 49 72 56 45 57

Data presented as mean ± SD or %; SD = Standard deviation; BMI = Body mass index; tech = Technical.
‡Depression = CES-D ≥16.
§Self-reported sleep duration (in hours) for weekdays.
||Wrist actigraphy measuring total sleep time (in hours) for weekdays.
¶Wrist actigraphy measuring average time in bed (in hours) for weekdays.
#One-day, in-home polysomnography measuring total sleep time (in hours).
††Five-weekday sleep duration variability represented by standard deviation in minutes.
‡‡Obstructive sleep apnea (OSA) was measured using one-day in-home polysomnography (number of obstructive apneas and hypopneas per hour of sleep, including 

events with absent airflow by thermistry but present effort by inductance belts); OSA was defined as an AHI ≥ 15 events per hour.
§§Insomnia was based on self-report using a Women’s Health Initiative Insomnia Index score of ≥9 (range: 0–20).
†Variables with 3% and greater missing: marital status for Hispanics (3.1%) and income for blacks (3.5%).
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[9–32]) had a significantly higher self-reporting bias compared 
with their younger racial counterparts. Furthermore, black 
women had more self-reporting bias than black men (58  min 
[46–70] vs. 29  min [15–43]), with similar, albeit nonsignificant 
sex differences seen for whites. Spearman correlations between 
sleep duration based on self-report vs. wrist actigraphy average 
time in bed were ρ = 0.40 overall, and the correlation for blacks 
was significantly lower than whites and Hispanics (ρ = 0.49 for 
whites, ρ = 0.28 blacks, ρ = 0.41 Hispanics, and ρ = 0.39 Chinese) 
(Table 3). Spearman correlations between self-report and actigra-
phy-based average time in bed were higher for white older than 
younger men (0.59 vs. 0.37, p < 0.05) and white younger than older 
women (0.50 vs. 0.39, p > 0.05). Both black (0.43 vs. 0.14, p < 0.05) 
and Hispanic (0.53 vs. 0.25, p < 0.05) men who were younger had 
higher correlations than their older racial counterparts. There was 
fair agreement between sleep duration categories based on self-
report and actigraphy-measured average time in bed for whites 
(kw = 0.27), blacks (kw = 0.24), Hispanics (kw = 0.27), and Chinese (kw 
= 0.24) participants, with higher κ values than for self-report and 
actigraphy sleep duration as summarized earlier (Supplementary 
Table 2). With racial groups combined, calibration between self-
reported sleep and average time in bed (0.33 [0.29–0.38]) indicated 
that a change of 1 min in self-reported sleep time resulted in 20 s 
(0.33  ×  60  s [1min]) of actigraphy average time in bed (Table 2; 

also, Supplementary Table 3 tests the differences in calibration 
[slope] by race). For average time in bed using actigraphy, calibra-
tion with self-report was lower among black participants (0.22 
[0.13–0.31]) than for other groups, meaning that their incremen-
tal increases in self-reported sleep duration were associated with 
lower increases in sleep duration estimates based on actigraphy 
in comparison to other racial groups.

Sleep duration based on self-report vs. single-night 
in-home PSG

Self-reporting biases using PSG as the standard showed that 
compared with whites at 73 min (67–79), self-reporting biases 
were significantly lower among blacks (54  min [42–65]) and 
Chinese (49  min [37–61]) but not significantly different for 
Hispanics (67 min [56–78]) (Table 2). For total sleep time based 
on PSG, younger Hispanics (47 min [31–64] vs. 83 min [68–97]) 
and younger Chinese (20  min [5–36] vs. 75  min [58–92]) had 
a significantly lower self-reporting bias. With regard to sex 
differences, black women had a higher self-reporting bias 
than black men (67 min [53–81] vs. 27 min [6–47]). Spearman 
correlations based on self-report vs. in-home PSG measured 
total sleep time were weak at ρ  =  0.20 for the total sample 
of participants (ρ  =  0.31 for whites, ρ  =  0.15 blacks, ρ  =  0.16 

Figure 1. Race-specific distributions of weekday sleep duration from self-report, wrist actigraphy for total sleep time, wrist actigraphy for average time in bed, and 

in-home polysomnography.
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Table 2. Unadjusted average differences/bias between self-reported and measured sleep duration (minutes) using wrist actigraphy for both 
total sleep time and time in bed on weekdays and in-home polysomnography centered to 7 hours of sleep

Wrist actigraphy
(total sleep time 
[TST])–weekday

Wrist actigraphy
(average time in bed 
[TIB])–weekday

In-home PSG (for total sleep 
time)–one night (alloyed 
gold standard) Between 

race 
differences

(TST)

Between 
race 

differences
(TIB)

Between 
race 

differences
(PSG)

Inter.
(Bias)

Differences/
Calibration (CI)

Inter.
(Bias)

Differences/
Calibration (CI)

Inter.
(Bias)

Differences/
Calibration (CI)

Combined 64 (60–68) 0.35 (0.30–0.39) 49 (45–53) 0.33 (0.29–0.38) 64 (59–69) 0.20 (0.19–0.24) — —
White 66 (61–71) 0.43 (0.36–0.50) 48 (42–53) 0.43 (0.37–0.49) 73 (67–79) 0.28 (0.21–0.35) ref ref ref
Black 58 (48–69) 0.26 (0.15–0.36) 46 (37–55) 0.22 (0.13–0.31) 54 (42–65) 0.16 (0.06–0.26) p < 0.001 p < 0.001 p < 0.001
Hispanic 66 (57–74) 0.38 (0.29–0.48) 48 (39–56) 0.39 (0.30–0.48) 67 (56–78) 0.19 (0.09–0.30) p = 0.001 p = 0.033 p < 0.001
Chinese 60 (49–70) 0.28 (0.16–0.40) 47 (38–56) 0.30 (0.19–0.40) 49 (37–61) 0.01 (-0.11–0.13) p < 0.001 p < 0.001 p = 0.032
White
 45–64 years 59 (51–67) 0.42 (0.30–0.54) 42 (33–50) 0.42 (0.31–0.53) 63 (55–72) 0.31 (0.21–0.42) ref ref ref
 65–84 years 70 (64–77) 0.43 (0.35–0.51) 52 (45–58) 0.43 (0.35–0.51) 80 (72–89) 0.29 (0.20–0.38) ref ref ref
 Women 69 (62–76) 0.31 (0.21–0.42) 56 (48–64) 0.32 (0.23–0.42) 73 (65–81) 0.19 (0.09–0.29) ref ref ref
 Men 63 (56–71) 0.52 (0.43–0.61) 41 (34–48) 0.51 (0.43–0.59) 74 (65–84) 0.35 (0.26–0.45) ref ref ref
 ≤HS 72 (60–85) 0.40 (0.22–0.57) 55 (42–69) 0.40 (0.23–0.56) 80 (65–96) 0.21 (0.05–0.37) ref ref ref
 >HS 65 (59–70) 0.43 (0.35–0.50) 46 (41–52) 0.43 (0.36–0.50) 72 (65–78) 0.30 (0.22–0.37) ref ref ref

Insomnia (yes)† 68 (57–75) 0.32 (0.20–0.44) 52 (43–62) 0.31 (0.20–0.43) 71 (60–81) 0.21 (0.10–0.32) ref ref ref
Insomnia (no) 66 (60–71) 0.50 (0.42–0.58) 45 (38–51) 0.50 (0.42–0.58) 74 (67–82) 0.33 (0.25–0.42) ref ref ref
Sleep apnea (yes)† 76 (65–86) 0.39 (0.27–0.52) 59 (49–69) 0.39 (0.28–0.51) 78 (65–91) 0.22 (0.09–0.35) ref ref ref
Sleep apnea (no) 62 (56–67) 0.46 (0.38–0.55) 42 (36–48) 0.46 (0.39–0.54) 71 (64–78) 0.32 (0.24–0.40) ref ref ref
Depression (yes) 77 (60–94) 0.46 (0.25–0.67) 59 (41–76) 0.44 (0.25–0.64) 89 (69–109) 0.35 (0.17–0.53) ref ref ref
Depression (no) 64 (59–69) 0.42 (0.35–0.49) 46 (41–51) 0.43 (0.36–0.49) 70 (64–77) 0.27 (0.19–0.34) ref ref ref

Black
 45–64 years 50 (32–68) 0.31 (0.14–0.48) 36 (22–50) 0.28 (0.14–0.43) 40 (23–58) 0.18 (0.02–0.34) p < 0.001 p < 0.001 p < 0.001
 65–84 years 64 (50–77) 0.21 (0.08–0.34) 54 (42–65) 0.17 (0.05–0.29) 63 (48–78) 0.15 (0.02–0.28) p < 0.001 p < 0.001 p = 0.003
 Women 71 (57–84) 0.28 (0.14–0.42) 58 (46–70) 0.24 (0.11–0.37) 67 (53–81) 0.17 (0.04–0.31) p < 0.001 p < 0.001 p < 0.001
 Men 37 (19–55) 0.16 (0.01–0.32) 29 (15–43) 0.14 (0.001–0.27) 27 (6–47) 0.03 (−0.13–0.20) p < 0.001 p < 0.001 p < 0.001
 ≤HS 82 (55–109) 0.41 (0.19–0.64) 63 (40–86) 0.36 (0.16–0.56) 63 (33–94) 0.12 (−0.11–0.35) p < 0.001 p < 0.001 p = 0.002
 >HS 51 (39–62) 0.19 (0.08–0.31) 42 (32–51) 0.16 (0.06–0.27) 52 (40–64) 0.19 (0.08–0.30) p < 0.001 p < 0.001 p < 0.001

Insomnia (yes)† 54 (35–72) 0.12 (−0.06–0.29) 48 (33–63) 0.11 (-0.05–0.27) 58 (39–77) 0.17 (0.01–0.35) p < 0.001 p < 0.001 p < 0.001
Insomnia (no) 61 (48–74) 0.34 (0.22–0.47) 45 (34–56) 0.29 (0.17–0.40) 51 (37–66) 0.15 (0.02–0.28) p < 0.001 p < 0.001 p = 0.014
Sleep apnea (yes)† 59 (37–81) 0.25 (0.06–0.44) 46 (29–64) 0.20 (0.03–0.37) 55 (32–78) 0.17 (−0.02–0.36) p < 0.001 p < 0.001 p < 0.001
Sleep apnea (no) 58 (46–70) 0.26 (0.14–0.39) 46 (36–56) 0.23 (0.12–0.34) 54 (40–67) 0.15 (0.03–0.27) p < 0.001 p < 0.001 p = 0.002
Depression (yes) 45 (6–84) 0.11 (−0.21–0.42) 41 (9–72) 0.11 (−0.17–0.40) 40 (3–77) 0.06 (−0.26–0.38) p < 0.001 p < 0.001 p < 0.001
Depression (no) 60 (49–71) 0.29 (0.18–0.39) 47 (37–56) 0.24 (0.14–0.34) 56 (44–68) 0.18 (0.07–0.28) p < 0.001 p < 0.001 p = 0.379

Hispanic
 45–64 years 52 (39–66) 0.57 (0.39–0.74) 26 (14–39) 0.55 (0.40–0.71) 47 (31–64) 0.24 (0.07–0.41) p = 0.005 p = 0.562 p = 0.002
 65–84 years 77 (66–88) 0.30 (0.19–0.42) 62 (52–73) 0.31 (0.20–0.41) 83 (68–97) 0.20 (0.07–0.33) p = 0.043 p = 0.199 p = 0.008
 Women 72 (60–83) 0.44 (0.29–0.59) 51 (40–63) 0.45 (0.32–0.59) 74 (61–88) 0.20 (0.06–0.35) p = 0.085 p = 0.344 p = 0.006
 Men 57 (44–71) 0.32 (0.19–0.45) 42 (30–53) 0.32 (0.20–0.44) 54 (35–73) 0.13 (−0.03–0.29) p = 0.005 p = 0.048 p = 0.004
 ≤HS 72 (61–82) 0.32 (0.20–0.44) 56 (46–67) 0.32 (0.21–0.43) 78 (64–92) 0.20 (0.07–0.34) p = 0.053 p = 0.203 p = 0.079
 >HS 58 (44–72) 0.48 (0.31–0.64) 36 (24–49) 0.48 (0.34–0.63) 51 (33–68) 0.18 (0.02–0.35) p < 0.001 p = 0.003 p = 0.005

Insomnia (yes)† 65 (49–81) 0.46 (0.29–0.63) 42 (27–57) 0.47 (0.32–0.63) 73 (54–93) 0.36 (0.18–0.54) p = 0.043 p = 0.237 p = 0.059
Insomnia (no) 66 (56–76) 0.33 (0.22–0.44) 51 (42–61) 0.32 (0.22–0.43) 61 (49–74) 0.06 (−0.06–0.19) p = 0.014 p = 0.080 p < 0.001
Sleep apnea (yes)† 70 (56–84) 0.36 (0.22–0.50) 53 (40–67) 0.35 (0.22–0.48) 75 (55–95) 0.22 (0.04–0.40) p = 0.314 p = 0.535 p = 0.004
Sleep apnea (no) 63 (52–74) 0.41 (0.28–0.54) 43 (33–54) 0.42 (0.30–0.54) 63 (50–76) 0.19 (0.06–0.32) p = 0.003 p = 0.052 p = 0.019
Depression (yes) 63 (42–84) 0.44 (0.22–0.65) 42 (22–62) 0.45 (0.26–0.65) 66 (38–94) 0.24 (−0.02–0.50) p = 0.321 p = 0.655 p = 0.352
Depression (no) 66 (57–76) 0.37 (0.26–0.48) 49 (40–58) 0.36 (0.26–0.46) 67 (55–79) 0.18 (0.07–0.30) p = 0.002 p = 0.033 p < 0.001

Chinese
 45–64 years 34 (20–49) 0.31 (0.16–0.47) 21 (9–32) 0.29 (0.15–0.44) 20 (5–36) 0.03 (−0.13–0.20) p < 0.001 p < 0.001 p = 0.038
 65–84 years 78 (64–92) 0.21 (0.04–0.37) 68 (56–81) 0.24 (0.10–0.39) 75 (58–92) 0.05 (−0.11–0.20) p = 0.023 p = 0.082 p = 0.214
 Women 62 (49–75) 0.32 (0.16–0.49) 48 (36–61) 0.33 (0.18–0.48) 53 (38–68) −0.05 (−0.20–0.11) p = 0.033 p = 0.072 p = 0.050
 Men 55 (36–74) 0.23 (0.04–0.42) 44 (29–59) 0.25 (0.09–0.42) 45 (23–66) 0.06 (−0.14–0.26) p < 0.001 p < 0.001 p = 0.250
 ≤HS 68 (51–85) 0.23 (0.01–0.44) 57 (40–74) 0.23 (0.02–0.43) 61 (40–81) −0.05 (−0.28−0.18) p = 0.182 p = 0.400 p = 0.879
 >HS 56 (42–70) 0.29 (0.14–0.44) 43 (32–55) 0.31 (0.18–0.44) 43 (28–59) 0.02 (−0.12–0.17) p < 0.001 p < 0.001 p = 0.019

Insomnia (yes)† 61 (40–83) 0.19 (−0.03–0.40) 53 (34–71) 0.21 (0.03–0.40) 59 (36–82) 0.11 (−0.10–0.32) p = 0.006 p = 0.036 p = 0.236
Insomnia (no) 59 (47–71) 0.34 (0.20–0.49) 44 (33–55) 0.35 (0.21–0.48) 45 (30–60) −0.03 (−0.18–0.12) p < 0.001 p = 0.003 p = 0.064
Sleep apnea (yes)† 63 (44–82) 0.23 (0.04–0.43) 52 (36–68) 0.24 (0.07–0.41) 56 (31–80) 0.04 (−0.15–0.24) p = 0.031 p = 0.106 p = 0.003
Sleep apnea (no) 58 (45–71) 0.34 (0.18–0.49) 43 (32–55) 0.35 (0.21–0.48) 47 (33–61) 0.007 (−0.16–0.18) p < 0.001 p = 0.002 p = 0.869

(Continued )
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Hispanics, and ρ = −0.02 for Chinese). There was slight agree-
ment between sleep duration categories based on self-
report and single-night in home PSG (kw  =  0.08 for whites, 
0.04 for blacks, 0.05 for Hispanics, and 0.01 for Chinese) 
(Supplementary Table 4), and most races had fair agreement 
(kw = 0.33 for whites, 0.28 for blacks, 0.27 for Hispanics, and 
0.24 for Chinese) with overestimates of sleep duration across 
all racial groups comparing wrist actigraphy for total sleep 
time with one-night of in-home PSG tested using data from 
the same night (Supplementary Table  5). With race groups 
combined, calibration between self-reported sleep and PSG 
(0.20 [0.19–0.24]) indicated that a change of 1  min in self-
reported sleep time resulted in only 12 s (0.20 × 60 s [1 min]) 
of measured PSG time. (Table 2). The calibration between PSG 
and self-reported sleep was significantly different from the 
calibration between self-reported sleep and actigraphy for 
both total sleep time (0.35 [0.30–0.39]) and average time in bed 
(0.33 [0.29–0.38]). Chinese participants had a calibration of 
0.14 (−0.11 to 0.13) for self-report versus PSG. The CI included 
zero, which indicates that there was no relationship between 
the two scales.

Sleep duration based on one same-night wrist 
actigraphy measuring total sleep time vs. concurrent 
in-home PSG

We compared self-reporting biases of two separate objective 
measures of sleep duration (wrist actigraphy and PSG), each 
conducted the same night, across various race/ethnicities 
(Supplementary Table 5). The overall level of agreement was 
fair (kw = 0.29) with a mean over estimation of total sleep time 
by actigraphy compared with PSG of 45 min (95% CI: 40–50). 
Discrepancies were largely explained by underestimated 

wake after sleep time as measured by actigraphy (data not 
shown).

Comparisons across subjective and objective 
measures

Self-reported sleep duration compared with PSG generally had 
greater reporting bias while self-report compared with aver-
age time in bed by actigraphy had the least. There was no racial 
difference in self-reporting error compared with total sleep 
time and average time in bed from multiday wrist actigraphy 
(p values not shown), but reporting bias differed by race/ethni-
city for self-reports compared with PSG. Compared with whites 
(ρ = 0.45), correlations were significantly lower in blacks (ρ = 0.28) 
but not in Hispanics and Chinese participants. With race groups 
combined, the calibration between PSG and self-reported sleep 
(0.20 [0.19–0.24]) was significantly different from the calibration 
between actigraphy and self-reported sleep for both total sleep 
time (0.35 [0.30–0.39]) and average time in bed (0.33 [0.29–0.38]). 
The self-reported sleep minutes were longer relative to PSG 
compared with actigraphy. In other words, a change of 1 self-
reported minute resulted in only 12 s (0.20 × 60 s [1 min]) of PSG 
time, whereas a change of 1 self-reported minute resulted in 
only 20–21 s of actigraphy time (0.35 for total sleep time actigra-
phy [0.35 × 60 s [1 min]) and 0.33 for average time in bed actigra-
phy (0.33 × 60 s [1 min]).

Discussion
Although self-reported sleep duration is most commonly used 
in epidemiological studies and used to infer population differ-
ences in sleep, little prior research has addressed the extent 

Wrist actigraphy
(total sleep time 
[TST])–weekday

Wrist actigraphy
(average time in bed 
[TIB])–weekday

In-home PSG (for total sleep 
time)–one night (alloyed 
gold standard) Between 

race 
differences

(TST)

Between 
race 

differences
(TIB)

Between 
race 

differences
(PSG)

Inter.
(Bias)

Differences/
Calibration (CI)

Inter.
(Bias)

Differences/
Calibration (CI)

Inter.
(Bias)

Differences/
Calibration (CI)

Depression (yes) 58 (8–109) 0.42 (−0.05–0.89) 39 (1–78) 0.45 (0.08–0.82) 49 (2–97) 0.28 (−0.08–0.63) p = 0.023 p = 0.083 p = 0.620
Depression (no) 60 (49–71) 0.26 (0.14–0.38) 48 (39–58) 0.26 (0.15–0.38) 47 (34–60) −0.06 (−0.19–0.07) p < 0.001 p = 0.001 p = 0.029

Inter. = Intercept; CI = Confidence interval; PSG = Polysomnography; Difference of 0 = no bias or measurement error; whites in subgroups are the reference group for other 

racial/ethnic subgroups; Act = Actigraphy; TST = Total sleep time; ≤HS = High school education or less; >HS = More than high school education; Depression = CES-D ≥16.
†OSA was measured using one-day in-home polysomnography (number of obstructive apneas and hypopneas per hour of sleep, including events with absent air-

flow by thermistry but present effort by inductance belts); OSA was defined as an AHI ≥ 15 events per hour; Insomnia was based self-report using a Women’s Health 

Initiative Insomnia Index score of ≥9 (range: 0–20).

Statistically significant difference by race based on confidence intervals. All within-race comparisons between self-reported and measured sleep duration (in min-

utes) using wrist actigraphy for both total sleep time and time in bed on weekdays and in-home polysomnography were statistically significant at p ≤ 0.01, with self-

reported sleep duration being consistently longer than objective sleep measures. Bias captures the degree to which, on average, participants over (if intercept > 0) or 

underestimate (if <0) sleep. Where there is no bias, the intercept would be zero. The regression slope represents calibration, which is the relationship between the 

two scales, or the change in the subjective (self-reported sleep duration) relative to change in the objective measure (polysomnography or wrist actigraphy measured 

sleep duration).

Sleep duration reporting bias by potential moderators: Table 2 shows unadjusted average differences/bias between self-reported and measured sleep duration (in 

minutes) using multiday wrist actigraphy for both total sleep time and average time in bed and PSG by a priori sociodemographic (e.g. education, primary lan-

guage spoken) and health-related (e.g. insomnia, sleep apnea, depression) characteristics. Compared with actigraphy-based total sleep time, a higher self-report-

ing error among both whites with sleep apnea than those without sleep apnea. However, there were no significant differences in the degree of self-reporting error 

by status of insomnia, sleep apnea, depression, and educational attainment in all racial/ethnic groups (Table 2). Compared with their white counterparts, meas-

urement error was significantly lower among blacks (with the exception of no significant difference among individuals with depression). Reporting bias was lower 

among Hispanics compared with whites (except where there were no error differences among individuals without either insomnia, depression, or sleep apnea, 

and who had greater than a high school education). Lastly, measurement error was lower among Chinese adults with sleep apnea, no depression, and a high 

school education or greater.

Table 2. Continued
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to which these measures may be biased or misclassify sleep 
duration. In this comprehensive analysis of self-reported and 
objectively measured weekday sleep duration across four racial/
ethnic groups, we identified several important overall and race-
specific patterns. Overall, self-reported sleep duration, as esti-
mated by the difference between bed and wake times, only 
moderately correlated (ρ = 0.38) with multiday actigraphy-based 
assessments, with actigraphy-based sleep explaining only 14 
per cent of the variance in self-reported sleep duration. Self-
reported sleep correlated even less to sleep measured by single-
night PSG (ρ = 0.20). Furthermore, self-reported sleep duration 
overestimated sleep duration by an average of 64  min when 
compared with actigraphy-measured total sleep time, 49 min for 
actigraphy-based time in bed, and 64 min for PSG-defined sleep 
time. All racial/ethnic groups overestimated their sleep duration 
when comparing self-reports to all objective measures and had 
κ statistics that corresponded with only slight-to-fair agreement 

across the respective comparators. Racial differences of sys-
tematic bias in sleep estimation, however, were only observed 
for self-reported compared with PSG-measured sleep duration 
(greater for whites compared with blacks and Chinese). However, 
significantly higher correlations for self-reported sleep duration 
and objectively measured sleep as well as better calibration (for 
some measures) among whites compared with blacks suggest a 
greater potential for random misclassification of sleep in blacks 
compared with whites.

Furthermore, correlations between actigraphy- and PSG-
measured sleep duration were similar across strata of age and 
sex and were not significantly different for total sleep time as 
measured by wrist actigraphy and PSG. With regard to sex dif-
ferences in self-reporting bias based on PSG, black women had a 
higher self-reporting bias than black men. We observed a higher 
self-reporting bias among whites with sleep apnea than those 
without sleep apnea, possibly reflecting low sleep efficiency in 

Table 3. Spearman correlations between self-reported and examined sleep duration using wrist actigraphy for total sleep time, wrist actigraphy 
for time in bed, and in-home polysomnography for total sleep time by race/ethnicity, gender, and age

White N = 701 (37%) Black n = 539 (28%) Hispanic n = 457 (24%) Chinese n = 213 (11%) Total N = 1910 (100%)

Wrist actigraphy (total sleep time)

Total 0.45B  0.28W  0.38  0.35  0.38
Age
 45–64 years  0.41  0.35  0.45  0.45  0.43
 65–84 years  0.47BC  0.23W  0.34  0.23W  0.35
Women  0.41B  0.25WH  0.43B  0.37  0.36
 45–64 years  0.45  0.27  0.36  0.51  0.38
 65–84 years  0.37  0.24H  0.46B  0.30  0.34
Men  0.50BHC  0.25W  0.31W  0.30W  0.38
 45–64 years  0.34O  0.40  0.49O  0.21  0.45
 65–84 years  0.56BHC,Y  0.16W  0.22W,Y  0.15W  0.34

Wrist actigraphy (average time in bed)

Total  0.49B  0.28WH  0.41B  0.39  0.40
Age
 45–64 years  0.45  0.36  0.46  0.47  0.45
 65–84 years  0.50BC  0.22W  0.37  0.29W  0.37
Women  0.44B  0.25WH  0.45B  0.40  0.38
 45–64 years  0.50  0.27  0.39  0.51  0.40
 65–84 years  0.39  0.23H  0.48B  0.35  0.36
Men  0.52BH  0.25W  0.34W  0.36  0.40
 45–64 years  0.37O  0.43O  0.53O  0.24  0.47
 65–84 years  0.59BHC,Y  0.14W,Y  0.25W,Y  0.20W  0.36

In-home polysomnography (total sleep time)

Total  0.31BHC  0.15WC  0.16WC  −0.02WBH  0.20
Age
 45–64 years  0.37BC  0.19W  0.21  0.10W  0.26
 65–84 years  0.31BC  0.14W  0.17  −0.03W  0.19
Women  0.25C  0.14  0.21C  −0.08WH  0.17
 45–64 years  0.37C  0.15  0.20  −0.03W  0.23
 65–84 years  0.18  0.15  0.25C  −0.08H  0.16
Men  0.33BHC  0.09W  0.08W  0.01W  0.17
 45–64 years  0.29  0.17  0.18  0.13  0.22
 65–84 years  0.39BH  0.05W  0.07W  0.13  0.18

Perfect correlation = 1; Strong = 0.99–0.70; Moderate = 0.69–0.30; Weak = 0.29–0.01; No correlation = 0.
W,B,H,CLetters indicate significant differences between the races/ethnicities: W = White; B = Black; H = Hispanic; C = Chinese.
Y,OLetters indicate significant differences between age groups within race: Y = Young (45–64 years); O = Old (65–84).

Male vs. Female comparisons were all p ≥ 0.05; comparisons of Spearman correlations between total sleep time using wrist actigraphy and examined sleep duration (PSG)—

within race by gender and age: White, Male vs. Female—p = 0.929; 45–64 years vs. 65–84 years—p = 0.515; Black, Male vs. Female—p = 0.232; 45–64 years vs. 65–84 years—

p = 0.406; Hispanic, Male vs. Female—p = 0.766; 45–64 years vs. 65–84 years—p = 0.267; Chinese, Male vs. Female—p = 0.839; 45–64 years vs. 65–84 years—p = 0.266.
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this group leading to sleep misperception, which previously has 
been suggested to result in overestimation of sleep time [21]. It 
is unclear why this influence would be more apparent in whites. 
Contrary to expectations, no significant differences in the degree 
of self-reporting bias were observed according to insomnia, 
depression, or educational attainment across the racial/ethnic 
groups. We also observed that Chinese participants speaking 
Chinese as the primary language compared with those speak-
ing English also overestimated their sleep time, suggesting the 
potential influence of culture or language on sleep self-report.

This study also provides data on the association between 
actigraphy and PSG-derived total sleep time in a large sample 
with concurrent measurements of each (i.e. restricted to the 
same night of monitoring). These results indicate that there is 
fair agreement between these two objective measures with a 
mean bias of 45 min (95% CI: 40–50). Prior studies of only men 
or women using a different actigraph from the one used in this 
study showed fair-to-moderate agreement, with bias differing 
according to subgroups examined and how the actigraphy data 

were analyzed [22, 23]. These results suggest caution in defining 
thresholds for identifying “short” and “long” sleep, and need to 
consider the measurement approach for estimating sleep dur-
ation when defining “risky” sleep duration thresholds.

Other studies investigating concordance, with mostly white 
participants, have also found moderate correlations between 
self-reported and actigraphy-measured sleep duration, which 
ranged from 0.31 to 0.47 [8, 9, 24]. The few studies that inves-
tigated racial and ethnic differences were consistent with our 
findings. For instance, Coronary Artery Risk Development in 
Young Adults study participants with a mean age of 42.9 years, 
58 per cent women and 44 per cent blacks had a correlation of 
0.47 (0.29 for blacks; 0.56 whites) and mean difference of 1.2 hr 
between actigraphy-measured sleep duration and sleep dur-
ation measured using the question “How many hours of sleep do 
you usually get at night (or when you usually sleep)?” [5]. With 
a comparable mean age of 67 years among 53 per cent women 
and 75 per cent whites, the Sleep Heart Health Study partici-
pants reported a 1  hr 1  min difference between in-home PSG 

Table 4. Agreement between sleep duration based on self-reported and wrist actigraphy for total sleep time on weekdays as the alloyed gold 
standard by race

Whites Wrist actigraphy (total sleep time)

Self-reported sleep 
duration

Short sleep Recommended sleep Long sleep Total

Short sleep 89 (86) 14 (14) 0 151
Recommended sleep 240 (56) 185 (43) 3 (1) 538
Long sleep 50 (29) 111 (65) 9 (5) 12
Total 379 (54) 310 (44) 12 (2) 701
Agreement: 40.37% Expected agreement: 35.36% κ: 0.0775 p ≤ 0.001
(w) Agreement: 66.62% (w) Expected agreement: 61.00% (w) κ: 0.1441 (w) p ≤ 0.001

Blacks Wrist actigraphy (total sleep time)

Self-reported sleep 
duration

Short sleep Recommended sleep Long sleep Total

Short sleep 146 (91) 13 (8) 2 (1) 241
Recommended sleep 184 (75) 61 (25) 0 (0) 294
Long sleep 82 (62) 49 (37) 2 (2) 4
Total 412 (76) 123 (23) 4 (1) 539
Agreement: 38.78% Expected agreement: 33.39% κ: 0.0809 p ≤ 0.001
(w) Agreement: 61.60% (w) Expected agreement: 57.15% (w) κ: 0.1037 (w) p ≤ 0.001

Hispanics Wrist actigraphy (total sleep time)

Self-reported sleep 
duration

Short sleep Recommended sleep Long sleep Total

Short sleep 91 (89) 11 (11) 0 (0) 150
Recommended sleep 148 (66) 73 (33) 3 (1) 292
Long sleep 53 (40) 66 (50) 12 (9) 15
Total 292 (64) 150 (33) 15 (3) 457
Agreement: 38.51% Expected agreement: 31.29% κ: 0.1051 p ≤ 0.001
(w) Agreement: 63.46% (w) Expected agreement: 56.12% (w) κ: 0.1672 (w) p ≤ 0.001

Chinese Wrist actigraphy (total sleep time)

Self-reported sleep 
duration

Short sleep Recommended sleep Long sleep Total

Short sleep 37 (86) 6 (14) 0 (0) 80
Recommended sleep 84 (67) 42 (33) 0 (0) 131
Long sleep  24 (55) 18 (41) 2 (5) 2
Total 145 (68) 66 (31) 2 (1) 213
Agreement: 38.03% Expected agreement: 32.27% κ: 0.0851 p = 0.0123
(w) Agreement: 63.38% (w) Expected agreement: 59.01% (w) κ: 0.1067 (w) p = 0.001

Short sleep: <7 hr; Recommended sleep: ≥7–<9 hr; Long sleep: ≥9 hr. n(%) = number (percentage) of study participants; κ statistic interpretation: Less than chance 

agreement ≤ 0; Slight agreement  =  0.01–0.20; Fair agreement  =  0.21–0.40; Moderate agreement  =  0.41–0.60; Substantial agreement  =  0.61–0.80; Almost perfect 

agreement = 0.81–0.99.
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and self-report sleep duration based on differences between bed 
and wake times, with a weak correlation of 0.18 [8]. Cespedes 
et al. found a 1 hr and 12 min difference between actigraphy and 
self-report and a correlation of 0.43 among Hispanics [12].

Furthermore, few studies have considered how self-reported 
sleep compares with both actigraphy-based sleep and PSG-
measured sleep duration. Although single-night PSG may not 
provide representative data on sleep duration due to night-to-
night variability [25], PSG is still considered the gold-standard 
method for neurophysiological measurement of sleep. Several 
epidemiological studies have shown that PSG-measured sleep 
duration significantly associated with hypertension [1] and dia-
betes [26]. Our findings indicate that data from self-report cor-
respond only weakly to PSG-measured sleep duration, and only 
moderately with 5-day actigraphy measurements, underscor-
ing the need to very cautiously extrapolate findings from stud-
ies using different measurement instruments. Moreover, the 
difficulty in translating public health recommendations from 
studies using actigraphy or PSG should be considered within 
the context that what is readily understood by the public is 
their self-perceived sleep duration, which better reflects time in 
bed than actual sleep duration measured by either actigraphy 
or PSG.

Overall, objective measurements explained only a mod-
est proportion of the variation in self-reported measurements, 
with a smaller proportion of the variation in self-reported 
sleep explained by actigraphy in blacks compared with whites. 
There are several potential explanations. The greater between 
night variability in sleep duration observed among racial/eth-
nic minorities may make it more difficult to accurately report 
habitual sleep duration, which requires estimations of average 
sleep duration. There may be racial/ethnic differences in actual 
baseline health status and sleep health literacy in that whites 
might be more likely than other groups to know the recom-
mended amount of sleep and more likely to provide socially/
medically desirable responses. This could result in the higher 
(albeit still only moderate) correlations but higher bias between 
subjective and objective measures among whites. There may 
also be systematic differences—for example, due to culture—in 
interpreting, conceptualizing, or summarizing the various sleep 
dimensions (duration; satisfaction; alertness; timing; efficiency) 
in order to respond to seemingly simple questions like habitual 
sleep duration [27]. There are notable challenges in answering 
questions on habitual sleep duration, as it is difficult to know 
how long it takes to fall asleep or estimate periods of wake after 
sleep onset. Given that our assessment of self-reported sleep 
duration used questions regarding bed and wake times, the 
group differences we observed likely reflect differences in how 
individuals perceive and report wake after sleep onset rather 
than sleep latency. Investigating the psychometric properties of 
sleep instruments across racial/ethnic groups, including evalu-
ating the impact of alternative approaches for collected self-
reported data, represents an important area for future research. 
For instance, if whites overestimate their sleep duration more 
than blacks, this may lead to an exaggeration of racial differ-
ences in sleep duration when relying only on questionnaires. 
For example, questionnaires, when compared with actigraphy, 
may misclassify racial differences in sleep duration by 10 to 
20 min per night. However, misclassification among minorities 
may underestimate racial differences in true associations with 
health outcomes.

This study has several limitations. We had a small sample 
of participants (especially for Chinese-American participants) 
once we stratified the sample by race/ethnicity; therefore, 
results should be interpreted with caution. There were also a 
large number of tests for statistical significance; so, having a few 
subgroup comparisons (e.g. age within sex and race) statistically 
significant is not surprising. For these reasons, results should 
be interpreted with caution. Our participants were also mid-
dle aged or older, and these results could differ in younger age 
groups. Furthermore, there is great variation in how sleep dur-
ation can be assessed as there is no standard, agreed upon way 
to ask participants about their habitual sleep duration. Simple 
questions asking for usual sleep time can be limited by math 
errors made in subtracting bed times from wake times, report-
ing biases (towards desired durations), and to rounding errors, 
reducing precision. All questions of sleep duration are limited 
by problems in identifying actual sleep onset. Although peo-
ple generally know the time they went to bed, they are poor at 
estimating sleep latency. Consistent with this observation, we 
found less difference between self-report and actigraphy-based 
average time in bed compared with actigraphy-based sleep dur-
ation. Nonetheless, actigraphy also is subject to misclassifica-
tion, with waking rest and sleep difficult to distinguish, with 
accuracy varying by actigraph model and analysis mode [28].

Despite these limitations, important strengths exist and 
this study extends beyond the prior studies in several import-
ant ways. The racial/ethnic diversity of the cohort is a major 
strength of the study. We compared self-reporting error and bias 
by race, which has important implications for the health dis-
parities literature as it is important to distinguish true differ-
ences from biases related to measurement. We also compared 
the self-reporting biases of two separate objective measures of 
sleep duration (wrist actigraphy and PSG) across various race/
ethnicities. In addition to having a fairly large sample size with 
the ability to stratify by various factors, we had objective data on 
sleep apnea and validated insomnia symptoms.

Our findings inform future population health and health dis-
parities research aimed at understanding the relationship to sleep 
across racial/ethnic groups. Overall, self-reported sleep duration 
overestimates objectively measured sleep across all race and 
minority groups studied, and compared with PSG, overestimation is 
significantly greater in whites compared with blacks. Furthermore, 
self-reported sleep duration less accurately estimates objective 
sleep in blacks compared with whites; larger reporting bias and 
poorer calibration of estimates would reduce the ability to identify 
significant associations between sleep duration and health among 
blacks compared with whites. More research is needed to improve 
the measurement of sleep across the population.
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