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A B S T R A C T

Objectives: To establish agreement between self-reported and actigraphy-based total sleep time (TST). To
determine the impact of self-reported sleep problems on these measurements.
Design: Cross-sectional study using data fromWave 3 of The Irish Longitudinal Study on Ageing (2014�2015).
Participants: Community-dwelling older adults, aged �50 years, with self-reported sleep information and
�4 days of actigraphy-based TST (n = 1520).
Measurement: Self-reported total sleep time, daytime sleepiness, insomnia symptoms (trouble falling asleep,
trouble waking too early) measured during a structured self-interview. Actigraphy-based total TST was col-
lected using GENEactiv wrist-worn accelerometers. Demographic characteristics and health information
were controlled for. Analyses included descriptive statistics, reliability and agreement analysis using paired
t-tests, intra-class correlations and Bland-Altman analysis. Linear regression was used to model associations
with measurement discrepancies.
Results: Participants reported that they slept 7.0 hours (SD: 1.4, Range: 2.0�13.0 hours) on average, compared to
7.7 hours (SD: 1.2 hours, Range: 3.0�13.0 hours) recorded by accelerometry. Trouble falling asleep or waking
too early “most of the time” were associated with under-reporting of sleep by 2.3, and 2.2 hours respectively.
Agreement between measurements had an intra-class correlation of 0.18 and wide 95% limits of agreement
(-3.90 to 2.55 hours). Under-reporting of sleep was independently associated with insomnia symptoms.
Conclusion: The agreement between self-reported and actigraphy-based TST in community dwelling older
adults was low. Self-reported insomnia symptoms were independently associated with under-reporting of
sleep. Studies seeking to measure sleep duration should consider inclusion of questions measuring experi-
ence of insomnia symptoms to account for potential influence on measurements.
© 2020 The Authors. Published by Elsevier Inc. on behalf of National Sleep Foundation. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Introduction

Sleep is a restorative process and plays a vital role in preservation
of cognitive, physical and mental health.1-3 Poor sleep quality and
duration has been associated with adverse health outcomes such as
cognitive impairment, cardiovascular disease, depression, and mor-
tality, many of which older adults are at increased risk of.1,4-8 Mea-
surement of sleep can be achieved both subjectively and objectively.
Despite the importance of measurement of sleep quality and
duration, the number of studies examining agreement between types
of measurement in large community samples is limited.9-14

Surveys typically use subjective means such as sleep question-
naires, or sleep diaries, to assess sleep in participants. Laboratory
based polysomnography is considered the gold standard for sleep
measurement, but is expensive and impractical to consider for use in
large community dwelling populations.15 Activity based monitoring
through the use of accelerometer devices has been shown to be an
effective tool for sleep research.16 These have become a feasible
method for capturing objective sleep in large population studies.
Wrist-worn devices are cost-effective and allow for non-invasive
objective measurement of sleep in natural settings over long periods
of time.
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Fig. 1. Sample flowchart displaying exclusion criteria and breakdown of analysis sam-
ple.
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Sleep quality is a complex construct. Perception of sleep may not
corroborate with measured sleep, potentially impacted by sleep com-
plaints experienced by an individual.9,17-19 A number of studies have
identified disagreement between subjective and objective measure-
ments of sleep in older adults where accelerometer devices were
used.9-14 The CARDIA study showed subjective reports of sleep to be
longer than actigraphy-measured sleep, increasing by 31 minutes for
each additional hour of measured sleep.13

Sleep complaints are prevalent in the older population.20 It has
been reported that 30�48% of older adults report experiencing
insomnia symptoms, with the most common complaint being diffi-
culty initiating or staying asleep.21 Sleep complaints were found to
drive differences between objective and subjective measurements.
Using wrist worn accelerometer devices in a sample of adults aged
57�97 years and the Pittsburgh Sleep Quality Index (PSQI), van den
Berg et al. showed that adults reporting poorer sleep were more
likely to under estimate their sleep duration compared to their accel-
erometer measurement,11 while McCrae et al. reported that subjec-
tive and objective measurements matched only for those without
sleep complaints.14 Similarly, vulnerable older adults reporting sleep
complaints were more likely to negatively report their sleep relative
to their objective measurements.12

It is advised for studies to include both subjective and objective
measurements of sleep.9,22 The inclusion of subjective measurement
is common in population studies, but there is no consensus on which
tool is optimal for this purpose. Subjective sleep duration is often
captured by a single survey question such as “How many hours on
average do you sleep per night”. A number of high quality sleep scales
have been validated, such as the PSQI (19 items),23 the Epworth
Sleepiness Scale (8 items),24 or the Munich Chronotype Questionnaire
(13 items).25 These scales provide detailed data on different aspects
of sleep, but application may be difficult in studies with high partici-
pant burden or clinical settings with limited time.

Large studies examining agreement between subjective and objec-
tive measurements in community dwelling older adults are lim-
ited.11,26 A number of large, population representative studies of
older adults have introduced accelerometery measurement including
The Irish Longitudinal Study on Ageing (TILDA),27 the English Longitu-
dinal Study of Ageing,28 and the Whitehall II study of British civil
servants.26 These studies provide unique opportunities to analyze
sleep in rich, complex datasets. Using the Whitehall II cohort, van
Hees et al. showed gender, depression and insomnia symptoms to be
drivers of measurement disagreement.26 As the use of objective mea-
surement becomes more common in large population studies, it is
important to understand the concordance of self-reported and objec-
tive sleep measurements as typically measured in these studies. The
majority of research in this area has used small samples with limited
generalisability.9,12,19,29

This study set out to contribute to existing literature by assessing
measurement agreement in TILDA cohort of community-dwelling
older adults using wrist-worn accelerometry and quick to administer
survey questions on sleep duration and complaints. The nature of the
study allowed for an extensive list of known confounders for sleep
measurement agreement to be accounted for in a large, population
derived sample of community dwelling older adults.

This study aims to 1) establish the overall level of agreement
between self-reported total sleep time and actigraphy-based total
sleep time and 2) to determine the impact self-reported sleep prob-
lems have on measurement agreement using three short sleep prob-
lem questions.

Methods

Data were drawn from TILDA, whih is a nationally representative
population study of community dwelling adults aged 50 and over in
the Republic of Ireland. The TILDA study design has been outlined
previously.27,30 Briefly, the sample was selected using the RANSAM
sampling procedure.31 Interviewers visited residential addresses
drawn from the Irish National Geodirectory. Any adult aged 50 or
older, including their spouse of any age, were invited to participate.
8175 adults aged 50 or older took part in the first wave of data collec-
tion in TILDA (2009�2011) representing a response rate of 62%. Par-
ticipants provided written, informed consent. Ethical approval was
obtained from the Trinity College Dublin Faculty of Health Sciences
Research Ethics Committee.

Through structured interviews, TILDA collects detailed informa-
tion on the health, social and financial situation of each participant.
Fig. 1 presents a detailed breakdown of the analysis sample for this
study. This study analyzed data from Wave 3, collected during 2014
and 2015 (n = 6902). Where a participant could not complete the
survey due to a cognitive or physical impairment, a proxy interview
was offered. An end-of-life interview was administered to a close
relative or friend where a participant had passed away. Only partici-
pants who were aged 50 years or older and had completed the self-
interview were included (n = 6497). Wave 3 included a comprehen-
sive health assessment.32 The health assessment was carried out by
trained research nurses and offered to participants who completed
the structured interview. 190 GENEactiv wrist-worn accelerometer
devices were also available during Wave 3, facilitating an acceler-
ometry study on a sub-sample of Wave 3 health assessment partici-
pants. Following their health assessment, a randomly selected group
of participants were asked to wear an accelerometer device for
seven consecutive days immediately following their assessment
(n = 1578).33

Previous analyses reported that four days of measurement were
sufficient to obtain a reliable estimate of total sleep time in this
cohort.34 Due to technical faults with the device, or where a partici-
pant did not wear the device for the full seven days, 45 devices were
returned with fewer than four days of data captured. A further 13
participants with incomplete data on self-reported sleep were
excluded from the analysis. The final analysis sample consisted of
1520 participants.



S. Scarlett et al. / Sleep Health 7 (2021) 83�92 85
Accelerometer devices

Devices used were wrist-worn GENEactiv devices. These devices
have a measurement range of §8 g with a maximum logging period
of 7 days at 100Hz. The device is lightweight and water resistant.
Devices have a body-temperature sensor that can confirm wear
and nonwear periods. Data were processed using a fully automated
Micro-Electro-Mechanical Systems (MEMS) accelerometer classifica-
tion algorithm devised for epidemiological studies.34,35

Measures

Total sleep time

Actigraphy-based Total Sleep Time (TSTobj) was classified as aver-
age total sleep time for the length of device wear as measured by the
accelerometer device.34,35 Self-reported Total Sleep Time (TSTsub)
was classified using the interview question “Approximately how many
hours do you sleep on a weeknight?”. Participants were asked to round
to the nearest hour when asked to self-report their average sleep. For
comparative purposes, TSTobj was rounded to the nearest hour. As
previous analyses have shown there to be no difference in weekday
and weekend recordings in this sample, measured total sleep time
was derived using all available days of recording.34

Sleep reporting difference

A sleep reporting difference score was calculated as (TSTsub-
TSTobj). A positive value indicated over-reporting of sleep relative
to objective measurement, and a negative value indicated under-
reporting.

Sleep problems

Daytime sleepiness

Participants rated whether they were likely to doze off or fall
asleep during the day on a four point likert scale � 0.would never
doze, 1.slight chance of dozing, 2.moderate chance of dozing, 3.high
chance of dozing.

Insomnia symptoms

Participants were asked two additional questions drawn from the
Jenkins Sleep Scale which relate to insomnia symptoms.36 These
asked how often the participant has trouble falling asleep, and how
often they have trouble waking up too early and not being able to fall
asleep before. These were answered on a three point likert scale � 0.
rarely or never, 1.sometimes, 2. most of the time.

Covariates

Variables known to be related to sleep duration were included as
potential confounders. Socio-demographic information including
age, sex, education level (primary/none, secondary level, third level
or higher), marital status (married, not married, separated/divorced,
widowed), area of residence (urban, rural) and employment status
(employed, retired/not employed) were collected during the inter-
view. The season of recording for measured sleep was also included.

Cognitive status was assessed using the Mini-Mental State Exami-
nation (MMSE).37

Health measures included self-rated health (excellent/very good/
good, fair/poor), smoker status (smoker, non-smoker), self-reported
pain and depressive symptoms as measured by scoring nine or higher
on the eight-item center for Epidemiological Depression Scale.38
Height and weight were measured during the health assessment.
BMI was defined as weight divided by height squared (kg/m2) and
categorised as underweight/normal weight (0�24.9), overweight
(25.0�29.9), and obese (�30).

Participants were asked if they have ever been diagnosed with any
chronic or cardiovascular conditions. Chronic conditions included lung
disease, asthma, arthritis, osteoporosis, cancer, Parkinson disease, stom-
ach ulcer, varicose ulcer, liver disease, thyroid disease, or kidney dis-
ease. Cardiovascular conditions included hypertension, stroke, angina,
heart attack, heart murmur atrial fibrillation, or other abnormal heart
rhythms. Participants were classified as having none, or one or more
chronic conditions, and none, or one or more cardiovascular conditions.

Detailed medication use information was also collected. Medica-
tions were classified using Anatomical Therapeutic Chemical (ATC)
classification codes. Use of medications that impact sleep were
included as covariates. Antidepressant medication was classified by
ATC code N06A. Use of sleep medication included ATC codes N05A
(antipsychotics), N05B (anxiolytics), N05C (hypnotics and sedatives),
and R06A (antihistamines). Use of antihypertensive medication was
classified by ATC codes C02 (antiadrenergic agents), C03 (diuretics),
C07 (b blockers), C08 (calcium-channel blockers), and C09 (angioten-
sin-converting enzyme inhibitors).

Statistical analysis

Analyses were performed using Stata version 15.1 (Stata Corp.,
College Station, TX). Descriptive statistics for sleep parameters and
participant characteristics were produced. TSTsub and TSTobj differ-
ences are presented to examine where discrepancies were more pro-
nounced within sample characteristics.

Intra-class correlation coefficients produced using two-way
mixed-effects models and Bland-Altman analysis was used to exam-
ine measurement agreement between TSTsub and TSTobj.39,40 Over-
all agreement between measurements, and agreement by sleep
problems were calculated.

The Bland-Altman analysis used TSTobj measurements in their
original format prior to rounding. Linear regression models were
used to analyze independent associations between TSTsub-TSTobj
difference scores and sleep problems (daytime sleepiness, trouble
falling asleep and trouble waking up too early). Basic models were
adjusted for age and sex. Full models were additionally adjusted for
covariates associated with large discrepancies in TSTsub and TSTobj.
Full model outputs are shown in Supplementary Tables A3�A5.

Significance was set at p<0.05. All tests were two-tailed.

Interview�Health assessment time delay

A delay between the structured interview and health assessment
is present. The median time delay between structured interview and
health assessment was 56 days (IQR: 23 days � 109 days) (data not
shown). Supplementary analyses were produced to assess whether
delays between measurements contributed to discrepancies.

Results

Sample characteristics

Characteristics of the sample are presented in Table 1. 53.6% of the
sample were female. The sample had a mean age of 67.5 years (SD
9.1, range 50�94 years). 55.8% lived in an urban area. The majority of
the sample were married (72.4%), reported that their health was
excellent/very good/good (84.1%) and were retired or not working
(73.4%). Over half the sample reported one or more chronic condi-
tions (56.1%) and 48.1% reported one or more cardiovascular condi-
tions. Just 8.4% reported use of sleep medication, while 9.3% reported



Table 1
Sample characteristics

n = 1520

Sex, n (%)
Male 704 (46.3)
Female 816 (53.7)

Age, Mean (SD) [Range] 67.5 (9.1) [50�94]
Education, n (%)

Primary 387 (25.5)
Secondary 603 (39.7)
Tertiary 530 (34.9)

Marital Status, n (%)
Married 1100 (72.4)
Never Married 117 (7.7)
Separated/Divorced 104 (6.8)
Widowed 199 (13.1)

Location, n (%)
Urban 848 (55.8)
Rural 672 (44.2)

Employment Statusa, n (%)
Employed 403 (26.6)
Retired/Not Employed 1113 (73.4)

Self Rated Health, n (%)
Excellent/Very Good/Good 1279 (84.1)
Fair/Poor 241 (15.9)

Medication use: Sleep, n (%) 128 (8.4)
Medication use: Anti-Hypertensives, n (%) 704 (46.3)
Medication use: Anti-Depressants, n (%) 142 (9.3)
Depressive Symptomsa, n (%) 137 (9.0)
Reported Paina, n (%) 541 (35.7)
�1 Chronic Condition, n (%) 852 (56.1)
�1 Cardiovascular Condition, n (%) 731 (48.1)
Physical Activity Groupsa, n (%)

Low 521 (36.1)
Moderate 525 (36.4)
High 398 (27.6)

BMI Categorya, n (%)
Normal 351 (23.3)
Overweight 675 (44.9)
Obese 478 (31.8)

Current Smoker, n (%) 164 (10.8)
MMSE Score, mean (SD) [Range] 28.7 (1.7) [16�30]
Season of recording, n (%)

Winter 294 (19.3)
Spring 252 (16.6)
Summer 461 (30.3)
Autumn 513 (33.8)

SD = Standard Deviation.
a Missing data: employment status, n = 4 (0.3%); depressive

symptoms, n = 5 (0.3%); reported pain, n = 4 (0.3%); physical activity
groups, n = 76 (5.0%); BMI category, n = 16 (1.1%).
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use of anti-depressants and 46.3% reported use of anti-hypertensive
medication. The cohort were predominantly overweight (44.9%) or
obese (31.8%). 9.0% reported depressive symptoms, while 35.7%
reported the presence of pain. Only 10.8% of the sample were current
smokers. The mean MMSE score for the sample was 28.7 (SD=1.7,
range: 16�30).

Total sleep time

Table 2 summarises TSTsub and TSTobj by sample characteristics.
Participants had a TSTsub of 7.0 hours (SD: 1.4, Range: 2.0�13.0
hours) of sleep on average compared to an TSTobj of 7.7 hours (SD:
1.2 hours, Range: 3.0�13.0 hours). The magnitude of TSTsub-TSTobj
difference differed between demographics. Female participants had a
sleep difference score of �0.8 h, while male participants had
�0.6 hours. Those living in an urban area had a difference of
�0.8 hours compared to �0.5 hours for those living in a rural area.
The difference was �0.7 hours in Retired/Not Employed participants
compared to �0.5 in employed participants. One of the largest
discrepancies of TSTsub and TSTobj was found in participants who
were separated/divorced (�1.1 hours).

Differences in health status also had an impact on TSTsub-TSTobj
difference. Those who reported fair/poor self-rated health had a sig-
nificantly larger difference than those who reported excellent/very
good/good self-rated health (�1.1 vs. �0.6 hours). Similarly, partici-
pants who used sleep medication had a score of �0.9 hours compared
to �0.6 for those who were not taking sleep medication. The largest
discrepancy was found in those who reported depressive symptoms
who measured a difference of �1.7 hours, compared to �0.6 in those
who did not report depressive symptoms.

Fig. 2 presents a Bland-Altman plot depicting TSTsub and TSTobj.
The average agreement line between the two measures is shown to
be below 0 (Observed Average Agreement = �0.68) suggesting sys-
tematic bias toward under-reporting of sleep compared to actigra-
phy-based sleep. The limits of agreement ranged from �3.90 to
2.55 hours.

Supplementary Table A.1 presents mean TSTsub-TSTobj differen-
ces by Interview � Health Assessment time delay quantiles. Those
with the shortest delay between structured interview and health
assessment (0�20 days) had a mean TSTsub-TSTobj difference of
�0.73 hours (SD=1.74) compared to �0.70 (SD=1.69) in those with
longer delays ranging between 77 and 127 days, and �0.52 (SD=1.60)
in delays of between 128 and 421 days. No clear relationship between
Interview-Health Assessment Time Delay was seen in a scatterplot
depicting the two measures (Supplementary Fig. A.1). This is further
assessed in Supplementary Table A.2 which presents a simple linear
regression to model the association between TSTsub-TSTobj differ-
ence and Interview-Health Assessment time delay (log). The associa-
tion was found to be non-significant [B = 0.04, 95% CI: �0.04,0,12].

Scatterplots depicting average TSTsub-TSTobj difference and
sleep problem components are shown in Fig. 3. Significant nega-
tive Spearman rank correlations were found between self-reported
sleep and all sleep problem components suggesting that sleep dif-
ference scores became more negative, representing greater under-
reporting of self-reported sleep, as sleep problems increased.
Correlations were strongest with trouble waking too early
(Rs=�0.454, p<0.001) and trouble falling asleep (Rs=�0.345,
p<0.001). Only daytime sleepiness was significantly correlated
with actigraphy-based sleep, however this correlation was weak
(Rs=�0.082, p<0.01).

The ICC coefficient between TSTsub and TSTobj was 0.18 (Table 3).
The highest ICC coefficients were measured in those who reported
trouble waking too early “rarely or never” (ICC=0.29) and trouble fall-
ing asleep “rarely or never” (ICC=0.26). The lowest coefficients were
obtained in measurements of participants who reported trouble fall-
ing asleep or trouble waking up too early “most of the time”, with ICC
coefficients of 0.03 and 0.02 respectively.

Self-reported and actigraphy-based sleep differences

Fig. 4 depicts mean TSTsub and TSTobj by sleep problem meas-
ures. Sleep difference scores remained stable for those reporting
increased chances of daytime sleepiness, with those reporting that
they would never doze, and those reporting a high chance of dozing
both measuring a TSTsub-TSTobj difference of �0.8 hours (Fig. 4A).
TSTsub-TSTobj differences were lowest in those who reported “rarely
or never” having trouble falling asleep (�0.3 hours) (Fig. 4B), or trou-
ble waking too early (�0.2 hours) (Fig. 4C). These differences
increased as the frequency of either problem increased. Participants
who stated that they have trouble falling asleep “most of the time”
had a difference of �2.3 hours. Those who stated they have trouble
waking too early “most of the time” had a difference of �2.2 hours.

Regression models predicting sleep difference scores for individ-
ual sleep problem components are shown in Fig. 5. Basic models and



Table 2
Sample characteristics by self-reported total sleep time, actigraphy-based total sleep time and self-reported total sleep time �
actigraphy-based total sleep time difference

Self-reported
total sleep time
(h)

Actigraphy-based
total sleep time
(h)

TSTsub-TSTobj
difference
(h)

Overall 7.0 7.7 �0.7
Sex

Male 7.1 7.7 �0.6
Female 7.0 7.8 �0.8

Education
Primary 7.0 7.8 �0.8
Secondary 7.0 7.7 �0.7
Tertiary 7.1 7.7 �0.5

Marital Status
Married 7.0 7.7 �0.7
Never Married 7.0 7.5 �0.5
Separated/Divorced 6.8 7.8 �1.1
Widowed 7.2 7.8 �0.6

Location
Urban 6.9 7.7 �0.8
Rural 7.2 7.7 �0.5

Employment Statusa

Employed 7.0 7.5 �0.5
Retired/Not Employed 7.1 7.8 �0.7

Self Rated Health
Excellent/Very Good/Good 7.1 7.7 �0.6
Fair/Poor 6.6 7.7 �1.1

Sleep Medication: No 7.0 7.7 �0.6
Sleep Medication: Yes 6.9 7.9 �0.9
Anti-Hypertensive Medication: No 7.0 7.7 �0.6
Anti-Hypertensive Medication: Yes 7.1 7.8 �0.7
Anti-Depressant Use: No 7.0 7.7 �0.7
Anti-Depressant Use: Yes 7.2 7.9 �0.8
Depressive Symptoms: No 7.1 7.7 �0.6
Depressive Symptoms: Yes 6.2 7.8 �1.7
Reported Pain: No 7.2 7.7 �0.5
Reported Pain: Yes 6.8 7.7 �1.0
�1 Chronic Condition: No 7.0 7.7 �0.6
�1 Chronic Condition: Yes 7.0 7.8 �0.7
�1 Cardiovascular Condition: No 7.1 7.7 �0.6
�1 Cardiovascular Condition: Yes 7.0 7.8 �0.8
Physical Activity Groups

Low 7.0 7.7 �0.7
Moderate 7.1 7.8 �0.8
High 7.1 7.7 �0.5

BMI Category
Normal 6.9 7.6 �0.7
Overweight 7.1 7.7 �0.7
Obese 7.1 7.7 �0.6

Current Smoker: No 7.0 7.7 �0.7
Current Smoker: Yes 7.0 7.8 �0.8
Season of recording

Winter 7.1 7.9 �0.8
Spring 7.1 7.6 �0.5
Summer 7.1 7.6 �0.5
Autumn 7.0 7.8 �0.8

TSTobj = Actigraphy-based total sleep time; TSTsub = Self-Reported total sleep time.
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fully adjusted models are displayed. Positive coefficients represent
over-reporting of sleep, negative coefficients represent under-report-
ing of sleep.

In the fully adjusted models, only participants who reported a
slight chance of daytime sleepiness compared to no chance had a sig-
nificant positive association with sleep difference scores (B = 0.31,
95% CI: 0.08,0.51, p<0.01) (Fig. 5A).

When compared to participants who stated they “rarely or never”
had trouble falling asleep, or waking up too early, those who reported
they had trouble either “sometimes” or “most of the time” had signif-
icant negative associations with sleep difference scores. The effects
were attenuated in fully adjusted models, but remained significant.
Strongest associations were found in those who had trouble falling
asleep “most of the time” (B=�1.80 95% CI:�2.10,�1.51, p<0.001)
(Fig. 5B) compared to trouble falling asleep “rarely or never”, or trou-
ble waking up too early “most of the time” (B=�1.86 95%
CI:�2.10,�1.63, p<0.001) (Fig. 5C) when compared to trouble waking
up too early “rarely or never”.

The r2 value for the basic Daytime Sleepiness model was just 0.01,
suggesting that although significant associations were found, Day-
time Sleepiness predicts little of the variance (1%) in sleep reporting
scores (Supplementary Table A3). In contrast, the r2 value for the
basic model using trouble falling asleep to predict variance in sleep
difference scores was 0.18 (Supplementary Table A5). This increased
only slightly to 0.21 where all covariates were included in the fully
adjusted model.



Fig. 2. Bland-Altman plot comparing self-reported and actigraphy-based total sleep time.
Actigraphy-based total sleep time is presented using measurements prior to rounding.
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Discussion

This study sought to assess measurement agreement between
self-reported total sleep time and actigraphy-based total sleep time
using data from TILDA. Overall agreement was low between meas-
urements with systematic under-reporting of sleep relative to actig-
raphy-based sleep apparent. Average results from both
measurements were within one hour of each other, but participants
under-reported their sleep by 0.7 hours compared to actigraphy-
based sleep. Differences were more pronounced in participants
reporting poorer health, such as fair/poor self-rated health and
depressive symptoms, with discrepancies of greater than one hour
between measurements.

Another aim of this study was to determine the impact of subjec-
tive sleep problems on measurement agreement using three short
sleep problem questions. Sleep problems were prevalent. Over one-
third of participants experienced insomnia symptoms which is in
accordance with previous literature.21 Agreement between measure-
ments decreased in those experiencing insomnia symptoms as the
magnitude of sleep under-reporting increased. In particular, those
who experienced trouble falling asleep, or waking too early “most of
the time” were found to under-report their sleep by over two hours
Table 3
Self-reported total sleep time � actigraphy-based total
bland-altman 95% limits of agreement results overal
time and by daytime sleepiness, trouble falling asleep,

n (%) TST
diff

Overall �0.
Daytime Sleepiness
Would never doze 591 (38.9) �0.
Slight chance of dozing 431 (28.4) �0.
Moderate chance of dozing 245 (16.1) �0.
High chance of dozing 253 (16.6) �0.

Trouble falling asleep
Rarely or never 1000 (65.5) �0.
Sometimes 379 (24.9) �0.
Most of the time 149 (9.6) �2.

Trouble waking too early
Rarely or never 800 (52.2) �0.
Sometimes 489 (32.1) �0.
Most of the time 243 (15.7) �2.

TSTobj = Actigraphy-based total sleep time; TSTsub =
Correlation.
on average. This is consistent with other findings which showed that
poor self-reported sleep quality was associated with shorter reported
TST when compared to measured sleep.11,12,14 Experience of daytime
sleepiness did not show the same effects on sleep reporting in this
sample. Measurement differences were consistent in all categories
which may suggest daytime sleepiness is not a driving force to the
same extent of insomnia symptoms in perceptions of sleep. Use of
the TILDA data in this analysis enabled extensive adjustment for rele-
vant confounders in assessing these questions as driving factors of
these discrepancies.

Depressive symptoms were shown to be the strongest driving
participant characteristic in sleep reporting differences. To further
understand this relationship, supplementary analyses assessing prev-
alence of depressive symptoms and anti-depressant use by sleep
problems were conducted. Depressive symptoms were more promi-
nent in participants reporting greater magnitude of sleep problems
(Supplementary Table A6). Similarly, use of antidepressant medica-
tion was more commonly reported in those reporting more sleep
problems (Supplementary Table A7). This is consistent with previous
findings of the association between insomnia and depressive
symptoms.2,6

Accelerometer devices may classify a period of sedentary, motion-
less behaviour as sleep. They are still however considered an effective
method for sleep research.16 We have shown that in a sample of older
adults, actigraphy-based measurements were on average longer than
self-reported sleep.

Underreporting was most pronounced in participants who self-
reported insomnia symptoms. It is suggested that discrepancies of
this kind in insomniacs may be a reflection of poor sleep quality that
is not captured by accelerometer devices rather than a mispercep-
tion.11 It is unclear whether differences here were under-reporting
sleep relative to how much sleep was actually obtained, or whether
recordings were longer resulting from sedentary periods resulting
from trouble falling asleep or waking too early. The day-to-day vari-
ability of sleep duration experienced in those with insomnia com-
plaints creates challenges in using either objective measurement or
single-item survey questions. With consideration to the high preva-
lence of insomnia in the older population,21 researchers should be
cognisant of the impact this may have on either self-reported or
actigraphy-based measurement.

These discrepancies have implications on studies of sleep duration
and it is recommended where possible that multiple measures of
sleep are included.9,11,22 Landry et al. note the importance of the
sleep time difference, intra-class correlations and
l self-reported and actigraphy-based total sleep
trouble waking too early

sub-TSTobj
erence

ICC Bland altman
95% limits of agreement

7 0.18 �2.60 3.95

8 0.17 �2.54 4.15
5 0.17 �2.53 3.46
6 0.17 �2.63 3.78
8 0.19 �2.70 4.40

3 0.26 �2.63 3.32
9 0.15 �2.19 4.01
3 0.03 �1.28 5.91

2 0.29 �2.68 3.01
8 0.20 �2.12 3.65
2 0.02 �1.26 5.69

Self-reported total sleep time; ICC = Intra-Class



Fig. 3. Scatterplots of average difference between self-reported and actigraphy-based total sleep time in hours by Daytime sleepiness, Trouble falling asleep and Trouble waking too
early.
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methods used in sleep quality assessment given the complex nature
of sleep.9 The PSQI has been commonly used as the method of mea-
suring sleep quality in research of this kind,9-12,19,28 but the length of
this tool may be prohibitive in certain settings. Our findings demon-
strate that addition of short, quick to administer questions which
assess insomnia symptoms may be effective complimentary ques-
tions to account for potential bias when evaluating sleep duration..
These results add to current literature with this evidence, and con-
firm findings of a similar nature using a large, population-derived
cohort of older adults.

These findings also have implications for clinical practice. Those
with adverse health characteristics were shown to be most at risk of
discrepancies. Measurement on these cohorts should emphasise use
of objective measurement using wearable devices such as FitBit or
similar.

Strength and limitations

This study has a number of strengths. This is one of the largest
studies of its kind to date and uses a population derived community-
dwelling cohort of older adults. The design of TILDA allowed for an
assessment of agreement of sleep measurements in older adults
while accounting for a comprehensive array of confounding factors.

Limitations are also present. The accelerometer measurements are
from a sub-sample of the TILDA study and not population representa-
tive, however it has been shown that this sample is characteristically



Fig. 4. Means and 95% confidence intervals of Self-Reported Total Sleep Time and Actigraphy-based Total Sleep Time by (A) Daytime Sleepiness, (B) Trouble Falling Asleep, and
(C) Trouble waking too early.
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similar to the full cohort.34 Participants are asked when reporting
their sleep to round to the nearest hour, reducing the precision of
this measurement. Self-Reported Total Sleep Time was asked during
the self-interview, while accelerometer measurements were taken
directly after the health assessment. As a consequence of the study
design of TILDA, a delay between the structured interview and health
assessment is present. This created some uncertainty in whether
reported sleep reflected the same sleep patterns that were being
experienced during the accelerometer recording period. We pro-
duced supplementary analyses to assess whether this contributed to
measurement discrepancies. We did not find clear evidence for an
effect resulting from the lag. Nevertheless, lag between assessments



Fig. 5. Linear regression models for predictors of TSTsub-TSTobj difference by (A) Day-
time Sleepiness, (B) Trouble Falling Asleep, and (C) Trouble waking too early. CI, confi-
dence interval. Positive coefficients represent over-reporting of sleep, negative
coefficients represent under-reporting of sleep. TSTobj = Actigraphy-based total sleep
time; TSTsub = Self-reported total sleep time.
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is a potential limitation in studies of variable characteristics like sleep
duration. Studies of a similar nature should be conscious of potential
contributions to discrepancies where delays between measurements
are present.

Conclusions

In summary, agreement between self-reported and actigraphy-
based sleep duration was low in this sample of community dwelling
older adults. Health practitioners should be aware of the prevalence
of under-reporting of sleep duration, particularly as those with
adverse health characteristics were shown to be most at risk of dis-
crepancies. Insomnia symptoms were associated with measurement
discrepancies. It was shown that this effect can be gauged using quick
to administer questions. Studies which seek to use either form of
measurement should consider inclusion of similar questions as a
means of establishing whether self-reporting, or objective measure-
ment may have been influenced. Future work will investigate longi-
tudinal differences in measurements and incident insomnia
symptoms to better understand the directionality of the relationship.
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