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ABSTRACT
Objectives: Evidence of a ‘first night effect’ has been
documented for polysomnography. The possibility of
this has not been previously assessed in wrist
actigraphy, yet may have important implications for the
study design of future sleep research. We sought to
examine potential evidence of a ‘first night effect’ for
wrist actigraphy in adolescents across weekdays and
weekend nights for multiple sleep outcomes.
Design: 3-year prospective cohort study (Midlands
Adolescent Schools Sleep Education Study).
Setting: 8 secondary schools in the Midlands region
of the UK.
Participants: Adolescents (aged 11–13 years at
baseline) were recruited to the study and were
requested to wear a wrist actigraph for 7 consecutive
days/nights at baseline and then annually for 2 years
during the second term of the academic year.
Primary outcome measures: We compared multiple
sleep outcomes (total sleep time, wake after sleep
onset, sleep efficiency, sleep onset latency, number of
awakenings, length of awakenings, sleep onset time)
when the device was worn on a weekday and weekend
and compared these to other nights to identify possible
evidence of a ‘first night effect’ for wrist actigraphy.
Results: No significant differences were found
between any sleep outcomes when the first night of
wrist actigraphy was on a weekday compared with
other weekdays. When the first night was measured on
a weekend (Friday), average total sleep time was
significantly greater (486±5 min) compared with the
second night (Saturday; 469±6 min), p=0.01.
Conclusions: We found no evidence to support a
‘first night effect’ for wrist actigraphy in our adolescent
sample. The first night of actigraphy data should not
be disregarded in future studies that deploy this
technique to measure sleep over prolonged time
periods.
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INTRODUCTION
Polysomnography (PSG) is the gold standard
method for the accurate determination of
sleep and its quality. Laboratory PSG involves
recordings via multiple electrodes and
sensors that may disturb sleep and the

Strengths and limitations of this study
▪ This is the first time the possibility of a ‘first
night effect’ for wrist actigraphy used to measure
sleep has been investigated.
▪ A large sample of adolescents were instructed to
wear the wrist actigraph for seven consecutive
days, at baseline and then annually for 2 years.
▪ We compared multiple sleep parameters from
the first night when the device was issued to all
subsequent nights on both weekdays and weekends separately.
▪ The study findings are limited to healthy adolescents and may not be generalisable to other age
groups, countries or specific patient populations.

recording may not reﬂect usual sleep. A key
criticism of PSG is the ‘ﬁrst night effect’.1
Agnew et al1 observed a reduction in total
sleep time, alterations to sleep architecture
as well as poorer sleep quality on the ﬁrst
night of PSG assessment compared with the
second. It is purported that multiple factors
are responsible for these observations,
including the equipment and the environment.2 Furthermore, more recent evidence
suggests these effects may extend beyond the
ﬁrst night.2
The importance of sleep pertaining to
health is increasingly recognised. Thus,
establishing methods to accurately measure
sleep, in the absence of a sleep laboratory,
has been a recent focus. Advances in technology have made it possible to monitor
sleep over prolonged periods in the absence
of a laboratory. Sleep researchers are frequently using wrist actigraphy to monitor
sleep–wake activity across multiple days/
nights. It has been recommended that ﬁve
nights of actigraphy data may be required to
enable an accurate representation of sleep,3
although this is inconsistent with others suggesting as many as seven consecutive nights
in those with a potential sleep disorder,4
whereas some others have recommend a
minimum of 72 hours actigraphy recording.5
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It is possible, although currently unknown, if there is a
‘ﬁrst night effect’ for wrist actigraphy when used to
monitor sleep, as observed in PSG. If this effect does
exist for wrist actigraphy, this has important implications
for the design of future studies and data analysis.
Acebo et al3 previously recommended at least ﬁve
nights of valid actigraphy data is required for an accurate representation of sleep in paediatric populations. Up
until now, it has remained unclear if the ﬁrst night of
actigraphy data can be used for sleep analysis or disregarded due to the possibility of the ‘ﬁrst night effect’.
Clearly, if wrist actigraphy demonstrates a ‘ﬁrst night
effect’ then this would have important implications for
future study design development, which includes actigraphy to monitor sleep as well as data analysis plans. The
psychosocial aspects of recruitment to a study involving
wrist actigraphy for sleep monitoring may subsequently
inﬂuence sleep behaviour on the ﬁrst night and beyond,
before adaptation is achieved. Furthermore, wearing a
sleep monitor may inﬂuence sleep on the ﬁrst night
until acclimatisation has been achieved. We therefore
sought to examine potential differences between multiple sleep parameters between the ﬁrst weekday night
the wrist actigraph was worn compared with subsequent
weekday nights in a large sample of adolescents.

METHODS
Nine secondary schools, from the Midlands region of
the UK, were approached to participate in the Midlands
Adolescents Schools Sleep Education Study (MASSES).
Eight schools agreed to take part and were recruited to
the study. Details of the MASSES have been previously
described.6 7 In brief, parents of students registered in
year 7 or year 8 of participating schools were sent a
letter regarding study participation during the ﬁrst term
of the 2011/2012 academic year. There was 80% parental response rate and 892 adolescents were eligible for
study participation. Adolescent participants were
included in the study if they had parental consent, provided personal assent, did not have a diagnosed sleep
disorder, were not taking sleep medication, or had not
travelled to a different time zone 4 weeks prior to data
collection. All participants were aged between 11 and
13 years and registered in UK education at baseline.
Study assessments were performed at baseline and annually thereafter for 2 years.
Of the total sample, students were randomly selected
to wear the wrist actigraph (GT3X+, The ActiGraph,
Florida, USA) at each annual assessment (n=332 at baseline, n=324 at 1-year follow-up and n=236 at 2-year
follow-up). Participants were mainly assessed in the
second term of each academic year during term time.
They were instructed to wear the actigraph on their nondominant wrist for seven consecutive days/nights at all
times and the actigraph was issued on different weekdays
(Monday–Friday) to different classes to accommodate
school timetables and minimise disruption. Participants
2

were instructed not to remove the device and were
advised that the actigraph was waterproof. Data were
downloaded using the manufacturer’s software (ActiLife,
V.5 or V.6). Corresponding sleep diaries, where completed, were used to indicate bedtimes and our group
has previously shown good agreement between sleep
diary reporting and wrist actigraphy.6 Sleep was automatically scored from 60 s epochs according to predeﬁned
algorithms.8 The Sadeh algorithm, adapted by the
manufacturer, obtains data from the following: (1) arithmetic mean of activity counts for the window (AVG); (2)
number of epochs that have counts ≥50 and <100
(NATS); (3) SD for the ﬁrst six epochs of the window
(SD) and (4) natural (base e) logarithm of a current
epoch (LG). The calculations are then used in the following equation:
(7:601  (0:065  AVG)  (1:08  NATS)
 (0:056  SD)  (0:703  LG))

ð1Þ

If the result of the algorithm was more than −4, then
epoch was scored as sleep.
Multiple sleep parameters were derived for each
24-hour period that the device collected data. These
included: (1) total sleep time (minutes), indicating the
total amount of sleep obtained; (2) wake after sleep
onset (minutes), indicating the amount of time spent
awake within each rest period; (3) sleep efﬁciency (%)
indicating the percentage of time spent asleep in a rest
period; (4) sleep onset latency (minutes) indicating the
length of time it took to initiate sleep; (5) number of
awakenings indicating the number of awakenings an
individual had in a given sleep period; (6) length of awakenings (minutes) indicating the average length of awakenings in a given sleep period and (7) time of sleep
onset indicating the time that sleep was initiated. We
compared all of the mean sleep variables obtained from
the wrist actigraph, comparing those who were administered with the device on the ﬁrst weekday (Monday), to
all other subsequent weekdays (Tuesday, Wednesday and
Thursday) that the device was worn. We further explored
potential differences in sleep outcomes for when adolescents were given the device on a Tuesday compared with
subsequent consecutive nights (Wednesday and
Thursday). We then examined possible differences
between those issued a wrist actigraph on a Wednesday
and compared sleep outcomes on the next day
(Thursday). Finally, we assessed signiﬁcant differences in
sleep variables between when the device was issued on a
Friday and compared these data to Saturday night to
determine potential ‘ﬁrst night effect’ for weekend
nights.
Statistical analysis
Analysis was performed using Stata (StataCorp. 2013) on
all available data. Data are summarised as means (SE),
unless otherwise stated. To compare sleep variables
between two different nights, paired Student’s t-tests
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were used for normally distributed variables (total sleep
time and number of awakenings) and Wilcoxon
Signed-rank test for skewed variables (wake after sleep
onset, sleep efﬁciency, sleep onset latency and length of
awakenings).
Normality
was
assessed
using
Kolmogorov-Smirnov test. The p values <0.05 were considered to be signiﬁcant.

second night (Saturday), 486±5 and 469±6 min, respectively ( p=0.01).
Table 5 depicts data concerning the number of usable
nights of sleep data acquired from the wrist actigraph
according to each annual assessment. The majority of
participants had complete data from all seven nights
that they were assessed.

RESULTS
At baseline, the mean age of the total sample was 12.0
±0.7 years (42.4% boys). Table 1 highlights the mean
(SE) of all sleep features obtained from the wrist actigraph across all weekdays. We show comparisons
between sleep parameters when participants were issued
a wrist actigraph on the ﬁrst weekday (Monday) and
compare these data to the subsequent weekday nights
(Tuesday, Wednesday and Thursday). No signiﬁcant differences were observed for any sleep measure between
Monday (ﬁrst night) with any other weekdays (Tuesday,
Wednesday or Thursday), where p≥0.05.
Table 2 shows comparisons between sleep variables for
the ﬁrst night of issue (Tuesday) and subsequent weekdays (Wednesday and Thursday). There were no signiﬁcant differences in any sleep variable between the ﬁrst
night and the two subsequent nights that the actigraphy
was worn.
The potential of a ‘ﬁrst night effect’ was also assessed
when participants were issued the wrist actigraphy on a
Wednesday and sleep variables were compared with the
next night (Thursday). Comparisons between all sleep
features and the days are depicted in table 3, which
highlights no signiﬁcant differences for any sleep variable assessed, where p≥0.05 for all.
We also report on differences in sleep outcomes when
the ﬁrst night was Friday (weekend) and compared
these to the other weekend night (Saturday) (table 4).
We observed a signiﬁcant difference in average total
sleep time on the ﬁrst night (Friday) compared with the

DISCUSSION
We present novel ﬁndings from the ﬁrst study to
examine the possibility of a ‘ﬁrst night effect’ for wrist
actigraph used to monitor multiple sleep outcomes. We
found no evidence of a ‘ﬁrst night effect’ for any of the
seven sleep features derived from actigraphy in a large
sample of adolescents. The only signiﬁcant difference
observed was for total sleep time at the weekend when
the ﬁrst night (Friday) was, on average, 17 min longer
compared with the second weekend night (Saturday).
Multiple studies have highlighted evidence to support
the ‘ﬁrst night effect’ for PSG in patient populations,9–12
healthy individuals2 12–14 and in paediatrics.15 16 A
variety of possible explanations for this phenomenon
have been linked to the environment as well as the
equipment. PSG, unless the equipment is portable,
requires the individual to sleep in an unfamiliar environment (sleep laboratory), where different conditions are
likely to be encountered. These include external noises,
different light exposure and room temperature, bed
comfort and more. Given that a wrist actigraph permits
the individual to sleep in their natural environment,
these external alterations that may inﬂuence sleep outcomes are automatically controlled for and are therefore
overcome. Thus, the possibility of a ‘ﬁrst night effect’ for
a wrist actigraph to monitor sleep is not likely to occur
due to the environment, but rather the equipment and/
or psychosocial inﬂuences.
PSG is an intrusive technique, which has been shown
to alter multiple sleep outcomes on the ﬁrst night of

Table 1 Weekday differences in sleep features between Monday (first night) compared with all other weekdays
Sleep measure
TST (minutes)*
WASO (minutes)†
Sleep efficiency (%)†
SOL (minutes)†
Number of awakenings*
Length of awakenings
(minutes)†
Sleep onset time

Monday
(n=95)

Tuesday
(n=94)

p
Value

Wednesday
(n=94)

p
Value

Thursday
(n=93)

p
Value

440 (5)
69 (45)
86.1 (9.3)
2 (4)
23 (1)
3 (1)

437 (7)
71 (55)
86.3 (10.5)
1 (4)
22 (1)
3 (1)

0.65
0.88
0.84
0.63
0.29
0.12

443 (10)
67 (59)
87.1 (11.6)
2 (4)
21 (1)
3 (2)

0.77
0.72
0.86
0.36
0.07
0.34

449
67
86.5
2
21
3

0.32
0.98
0.70
0.82
0.05
0.11

S: 9.1%
L: 46.6%
E: 44.3%

S: 10.2%
L: 54.6%
E: 35.2%

(10)
(44)
(9.6)
(4)
(1)
(1)

S: 9.1%
L: 52.3%
E: 38.6%

E=more than 30 min earlier than Monday; L=more than 30 min later than Monday; S=within 30 min of Monday.
*Data are presented as mean (SE), paired Student’s t-test.
†Data are presented as median (IQR), Wilcoxon Signed-rank test.
SOL, sleep onset latency; TST, total sleep time; WASO, wake after sleep onset.
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Table 2 Weekday differences in sleep features between Tuesday (first night) and all other weekdays
Sleep measure

Tuesday (n=161)

Wednesday (n=159)

p Value

Thursday (n=159)

p Value

TST (minutes)*
WASO (minutes)†
Sleep efficiency (%)†
SOL (minutes)†
Number of awakenings*
Length of awakenings (minutes)†
Sleep onset time

452
64
87.4
2
22
3.0

462 (5)
60 (43)
88.1 (6.9)
2 (4)
21 (1)
2.8 (1.3)
S: 15.8%
L: 47.5%
E: 36.7%

0.06
0.20
0.07
0.38
0.33
0.16

446 (4)
58 (44)
87.7 (8.6)
2 (4)
22 (1)
2.8 (1.3)
S: 12.2%
L: 54.0%
E: 33.8%

0.28
0.26
0.32
0.31
0.83
0.06

(5)
(39)
(7.1)
(4)
(1)
(1.1)

E=more than 30 min earlier than Tuesday; L=more than 30 min later than Tuesday; S=within 30 min of Tuesday.
*Data are presented as mean (SE), paired Student’s t-test.
†Data are presented as median (IQR), Wilcoxon Signed-rank test.
SOL, sleep onset latency; TST, total sleep time; WASO, wake after sleep onset.

Table 3 Weekday differences in sleep features between Wednesday (first night) compared with Thursday
Sleep measure

Wednesday (n=185)

Thursday (n=188)

p Value

TST (minutes)*
WASO (minutes)†
Sleep efficiency (%)†
SOL (minutes)†
Number of awakenings*
Length of awakenings (minutes)†
Sleep onset time

442
68
86.1
2
24
3

437 (4)
65 (46)
87.1 (7.5)
2 (4)
22 (1)
3 (1)
S: 9.4%
L: 52.4%
E: 38.3%

0.20
0.40
0.54
0.38
0.05
0.96

(4)
(43)
(9.3)
(4)
(1)
(2)

E=more than 30 min earlier than Wednesday; L=more than 30 min later than Wednesday; S=within 30 min of Wednesday.
*Data are presented as mean (SE), paired Student’s t-test.
†Data are presented as median (IQR), Wilcoxon Signed-rank test.
SOL, sleep onset latency; TST, total sleep time; WASO, wake after sleep onset.

Table 4 Weekend differences in sleep features between Friday (first night) and Saturday
Sleep measure

Friday (n=169)

Saturday (n=168)

p Value

TST (minutes)*
WASO (minutes)†
Sleep efficiency (%)†
SOL (minutes)†
Number of awakenings*
Length of awakenings (minutes)†
Sleep onset time

486 (5)
73 (52)
85.9 (7.7)
3 (4)
25 (1)
3 (1)

469 (6)
72 (41)
86.1 (8.1)
2 (4)
25 (1)
3 (1)
S: 8.5%
L: 61.5%
E: 30.0%

0.01
0.50
0.84
0.19
0.86
0.39

E=more than 30 min earlier than Friday; L=more than 30 min later than Friday; S=within 30 min of Friday.
*Data are presented as mean (SE), paired Student’s t-test.
†Data are presented as median (IQR), Wilcoxon Signed-rank test.
SOL, sleep onset latency; TST, total sleep time; WASO, wake after sleep onset.

sleep assessment as compared with subsequent
nights.1 2 9–16 Reasons for this include restriction of
movement and awkwardness about the equipment,
which may cause unrest and hyperarousal as a result of
the PSG equipment. Despite wrist actigraphy being
much less invasive than PSG, the presence of equipment
to monitor sleep may alter sleep outcomes through

physical and psychological effects. For example, the
knowledge of being entered into a research study where
sleep is monitored using a wrist actigraph may subsequently inﬂuence sleep behaviours via psychological
mechanisms. Wearing the device may result in individuals purposely intending to alter sleep behaviours
(until acclimatisation is achieved), to either distort the

4
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Table 5 Number of nights of valid actigraphy data according to each annual assessment
Time point

Number of nights of valid data
1 night
2 nights
3 nights

4 nights

5 nights

6 nights

7 nights

Baseline
Year 1
Year 2

6
13
11

11
11
27

7
19
15

14
37
30

508
227
132

4
8
12

8
9
9

Data are presented as number of nights of usable sleep data from the actigraph.

data or have more socially desirable sleep outcomes,
knowing that sleep is being investigated. If these intentional sleep behaviour alterations occur then this will
result in misrepresentation of the sleep outcomes
assessed. The physical presence of a wrist actigraph may
paradoxically contribute to sleep alterations due to discomfort, particularly if the individual does not habitually
sleep while wearing a wrist device. Furthermore, depending on the type of actigraphy and the initialisation
process, some can emit light to indicate that the device
is collecting data, which is likely to cause sleep disruption. The aforementioned arguments support the potential ‘ﬁrst night effect’ for wrist actigraphy for sleep
assessment. Contrary to PSG ﬁndings, our wrist actigraphy data showed no evidence to support a ‘ﬁrst night
effect’. Factors relating to the sleep environment and
equipment, which may be responsible for differences
between the ﬁrst night and subsequent nights of PSG
assessment, were not shown to inﬂuence subsequent
sleep behaviour in adolescents wearing a wrist actigraph.
The ﬁndings from our study indicated a signiﬁcant difference for total sleep time at the weekend when the ﬁrst
night was a Friday, compared with the Saturday. The difference, although statistically signiﬁcant, was an average
of just 17 min more on the ﬁrst night. This can be
explained by the possibility of accumulated weekday sleep
debt (discrepancy between an individuals sleep need and
the amount of sleep actually achieved), which is repaid at
the ﬁrst opportunity (eg, the ﬁrst weekend night).
Seventeen minutes of additional sleep is not, however,
likely to compensate for the amount of sleep debt that a
typical adolescent accrues across the school week. For
example, Kim et al17 found that adolescents sleep, on
average, 2 hours and 42 min less on weekdays compared
with weekend nights. On closer inspection, there was no
evidence of weekend catch-up sleep in our adolescent
cohort where the average sleep quantity and quality did
not differ during the week compared with weekends.
While our study is the ﬁrst to investigate the possibility
of a ‘ﬁrst night effect’ for wrist actigraphy on sleep outcomes, we acknowledge several limitations. First, we combined data from participants across three study time
points. Repeated exposure to wrist actigraphy may have
resulted in participants becoming more acclimatised to
wearing the device during the second and third assessment. Furthermore, we repeated our analysis in the
baseline data only and the results remained consistent
(data not shown), suggesting acclimatisation may not

occur with annual assessment. Second, our ﬁndings may
not be generalisable to other populations. For example,
different age groups and patient populations, particularly those with sleep disorders, may exhibit different
patterns and could be the focus of future studies. Third,
while actigraphy beneﬁts from participants being in
their habitual environment, there was no way of determining if participants remained in their own sleep environment or at another location (ie, friend, relative,
hotel). We also have no way of determining if participants were subjected to external sleep disruptors such as
pets, which could have inﬂuenced the output. Finally,
while we recognise that multiple types of wrist actigraphs
have been validated against PSG for multiple sleep outcomes in many groups,18–32 not all sleep parameters
included in our study have been validated. It remains a
possibility that some differences may be present between
the ﬁrst night and subsequent nights according to the
actigraph type/manufacture, given that multiple devices
are now available.
In conclusion, we found no evidence to support a
‘ﬁrst night effect’ for wrist actigraphy to monitor sleep
in a large cohort of adolescents. The ﬁrst night of actigraphy data collected to measure sleep should be
included and not disregarded at this stage. However,
further efforts are required to determine if these ﬁndings are consistent in different age groups and/or
patient populations and with the application of different
types of wrist actigraphs that are currently available and
used for sleep research.
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