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Study Objectives: Daylight saving time (DST) has been
established with the intent to reduce energy expenditure,
however unintentional effects on sleep and vigilance have not
been consistently measured. The objective of this study was
to test the hypothesis that DST adversely affects high school
students’ sleep and vigilance on the school days following its
implementation.

Methods: A natural experiment design was used to assess
baseline and post-DST differences in objective and subjective
measures of sleep and vigilance by actigraphy, sleep diary,
sleepiness scale, and psychomotor vigilance testing (PVT).
Students were tested during school days immediately
preceding and following DST.

Results: A total of 40 high school students were enrolled in
this study; 35 completed the protocol. Sleep duration declined
by an average of 32 minutes on the weeknights post-DST,
reflecting a cumulative sleep loss of 2 h 42 min as compared
to the baseline week (p = 0.001). This finding was confirmed

by sleep diary analyses, reflecting an average sleep loss of
27 min/night (p = 0.004) post-DST. Vigilance significantly
deteriorated, with a decline in PVT performance post-DST,
resulting in longer reaction times (p < 0.001) and increased
lapses (p < 0.001). Increased daytime sleepiness was also
demonstrated (p < 0.001).

Conclusions: The early March DST onset adversely
affected sleep and vigilance in high school students resulting
in increased daytime sleepiness. Larger scale evaluations
of sleep impairments related to DST are needed to further
quantify this problem in the population. If confirmed,
measures to attenuate sleep loss post-DST should be
implemented.
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aylight saving time (DST) has been commonly used in the

developed world, first trialed in the United States in 1918 as
a temporary wartime measure to save energy expenditure, and
formally implemented several decades later through the Uniform
Time Act of 1966.> Over the years, the DST period was adjusted
based on the potential for added energy savings and other gains,
including greater utilization of parks by increasing daylight out-
door playtime for children in the summer.>-¢ Currently, the ma-
jority of states have adopted DST measures, advancing the clock
one hour at 02:00 on the second Sunday of March and delaying
it by one hour at 02:00 on the first Sunday of November, with the
exception of Arizona, Hawaii, and the U.S. territories.” '

The biological sleep/wake processes governed by circadian
rhythms are entrained to the sun and need time to adapt to
DST."!? Following the DST advance of clock-time in March,
an effective loss of one hour takes place during the night and
this transition might result in sleep deprivation. Although its
full impact on sleep health has not been consistently studied,
there is evidence that this one-hour loss in clock time leads to
changes in sleep homeostasis that may take several days to be
completed.”'® Deprivation of sleep may actually occur, lead-
ing to behavioral and neurocognitive changes, such as deficits
in attention, most commonly measured by psychomotor vigi-
lance testing (PVT).'7!

BRIEF SUMMARY

Current Knowledge/Study Rationale: Daylight Saving Time (DST)
is a common practice in the developed world. However, the potential
adverse effects of DST on our increasingly sleep deprived young popu-
lation have not been consistently evaluated using objective measures.
The onset of DST occurs early in March in the United States. Despite its
proposed economic benefits, detailed analyses of potentially adverse
health effects due to DST-related sleep restriction and decreased vigi-
lance on the subsequent days have not been previously reported.
Study Impact: Our study highlights a significant sleep loss associated
with DST implementation in a group of high school students leading
to decreased vigilance and increased daytime sleepiness on the post-
DST weekdays as compared to pre-DST levels. Larger scale evalua-
tions of sleep impairments related to DST are needed to further quantify
this problem. If confirmed, measures to attenuate the effects of sleep
loss post-DST should be implemented.

Adolescents and high school students are potentially more
susceptible to the adverse effects of DST, given their early
school hours and a natural tendency to maintain a delayed
sleep schedule, which often culminates in a sleep deprived
state.”>>> Changes in sleep parameters or vigilance in relation
to DST have not been previously evaluated in this population.
Therefore, we proposed to study the effects of the spring DST
adjustment as a natural experiment in a group of high school
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students by using objective and subjective measurements of
sleep and vigilance during the two weeks surrounding DST
(the preceding and following weeks), testing the hypotheses
that the onset of DST leads to sleep loss and a measurable de-
crease in performance in these students.

METHODS

High school students from 9th to 12th grades at a High
School in Westchester County, NY, were offered participa-
tion in this study after written parental consent was obtained.
The research study was approved by the White Plains High
School’s Institutional Review Board and Science Review Com-
mittee. Recruitment took place during school hours 2 weeks
prior to the DST start date. A total of 40 students volunteered
to participate in this study. During the course of 2 consecutive
weeks, including the week prior to (baseline) and the week im-
mediately following DST (post-DST), students were asked to
record their sleep schedule on a validated sleep questionnaire
and wear a wrist actigraph for the entire duration of the study.
Students were instructed to maintain their usual routine of
physical activity and rest. The school day started at 07:40 EST
for all students, and assessment of daytime sleepiness and vigi-
lance took place at a set time each day during the school hours.

Sleep Duration

Actigraphy

Sleep and activity measurements were collected by actigra-
phy using the Micro-Mini Motionlogger Actigraph (Ambula-
tory Monitoring, Inc., Ardsley, NY, USA).%” Wrist actigraphy
is a well-established and validated tool for evaluating sleep
patterns, with a high degree of accuracy as compared to over-
night polysomnography.?®?* The Micro-Mini Motionlogger
Actigraph consists of a piezoelectric accelerometer with a sen-
sitivity of 0.01 g at 2.5 Hz. It records activity and rest periods
throughout the day and night, providing data for measuring
sleep duration based on sleep onset and final awake time, sleep
latency, sleep efficiency, and wake after sleep onset (WASO)
using algorithms previously validated against polysomnogra-
phy.?* Sleep parameters were scored using Action-W software
(version 2.7.1, Ambulatory Monitoring, Inc., Ardsley, NY,
USA) using a sampling frequency of 16 Hz, filtered 2-3 Hz
with data collected in 1-min epochs. Students were informed
about the proper use of the actigraph during a research educa-
tional session prior to study initiation. They were instructed to
wear the device on their non-dominant wrist for the entire du-
ration of the study, including the weekend prior to DST (base-
line), the DST weekend, and the weekend post-DST and return
the actigraph to the school on the second Monday following
DST, for a total recording period of 16 nights (2 full weeks and
3 weekends).

Sleep Diary

The Consensus Sleep Diary for Morning (CSD-M) was used
to collect data regarding participants’ sleep patterns during the
study period. The CSD-M is a standardized, expert consensus
diary recommended for research use to facilitate data com-
parison across studies. It consists of a 2-page landscape diary,
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containing 15 brief itemized questions regarding sleep behav-
iors to be completed upon awakening.*® The diary provides in-
formation about a number of sleep-related metrics, including
nightly sleep onset latency, awakening after initial sleep onset,
total sleep time, sleep efficiency, sleep quality, and naps. Each
participant was instructed to leave the sleep diary forms pasted
to their bathroom mirror, in order to fill the questionnaire ev-
ery morning upon awakening. A new 2-page diary was used
for the post- DST week and all questionnaires were collected
from the students at the end of the study.

Daytime Performance

Psychomotor Vigilance Test (PVT-B)

This is a short, validated objective test of vigilance and
cognitive performance associated with sleep loss.?>*! Vigilant
attention is measured by quantifying the response time to a
visual stimuli displaying randomly every 2 to 10 sec during
a 3- to 10-min period.**? The PVT does not require exten-
sive training, can be quickly learned, and has the advantage of
not being memorized after repeated use.”>** A computerized
version of the 3-min PVT (version 2.0.5.9, Pulsar Informatics,
Philadelphia, PA, USA) was used, with a random stimulus in-
terval of 2-5 seconds. Students were tested on a laptop under
the supervision of the research assistant in a quiet room. Each
student was tested at a specific pre-set time which remained
the same during the study period in order to avoid potential
circadian effect on the PVT results (e.g., student A was always
tested at 11:00, student B was always tested at 11:30). Students
were instructed to observe a red rectangular box on the screen
for 3 min and press the spacebar on the keyboard each time a
yellow counter appeared on the monitor.*> Their vigilant atten-
tion was measured based on the response time in milliseconds
(ms) during each session. The mean reaction time, number of
lapses (response time > 355 ms), mean reciprocal response
time, and mean slowest 10% response time were recorded for
each participant during each session.

Sleepiness Scale

Self-reported indices of sleepiness were collected using
the Karolinska Sleepiness Scale (KSS). The KSS is a vali-
dated 9-point scale employed to measure the perceived level
of sleepiness at a point in time.**-3¢ It consists of one question,
stating: “Please, indicate your sleepiness during the 5 minutes
before this rating through circling the appropriate description.”
The potential responses are listed underneath, ranging from
extremely alert (score = 1) to very sleepy, great effort to keep
awake, fighting sleep (score = 9). Students were asked to rate
their level of sleepiness at the same time each school day, im-
mediately before completing the PVT under the supervision of
the research staff.

Data Analysis

Data analyses were performed using SPSS (version 22, IBM
Corporation, Armonk, NY, USA). Data averaged from Mon-
day-Friday of the week preceding the DST shift were com-
pared with data from the school week post-DST. Comparisons
were also made between the individual days of the week for all
tested measures (e.g., Monday preceding DST was compared
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Table 1—Mean values of sleep parameters and sleepiness during the baseline (pre-DST) week in all students.

Week 1 Baseline

Monday Tuesday Wednesday Thursday Friday Week 1
Mean * SD Mean * SD Mean * SD Mean * SD Mean * SD Average
Actigraphy
TST (min) 44476 + 81.24 457.65 + 81.94 445.03 + 91.64 45243 +70.17 527.71 £ 91.20 471.04 + 57.57
SL (min) 13.31+£17.23 15.39 £ 16.17 13.23 £ 26.34 14.73 +21.16 17.03 £ 29.05 15.44 £ 15.60
SE (%) 95.96 + 3.07 97.37 £2.30 96.37 +4.39 96.45+ 3.74 96.57 + 3.34 96.40 + 2.37
WASO (min) 18.17 £ 15.66 11.94 + 11.52 17.19 £ 26.68 16.10 £ 17.87 19.13+£19.78 17.31+£12.35
Sleep Diary
TST (min) 401.46 £ 96.99 428.07 £ 57.44 418.48 + 68.65 429.52 + 75.86 475.96 + 76.61 431.97 +50.03
SL (min) 19.53 £ 15.54 20.78 +20.59 17.26 £ 15.47 15.89 £ 14.23 15.89 + 16.87 17.81 £ 11.07
Awakenings (count) 0.94+1.25 0.50 £0.76 0.76 + 1.09 0.39+0.79 1.03+ 147 0.78 £0.82
Sleep Quality Score 297 +£0.85 3.32+0.75 3.12+£0.94 343+0.73 3.81+0.75 3.36 £ 0.50
KSS Score 455+ 1.61 447+18 474 £1.95 424 +152 3.82+1.33 4.30+1.09

DST, daylight saving time; TST, total sleep time; SL, sleep latency; SE, sleep efficiency; WASO, wake after sleep onset; KSS, Karolinska Sleepiness Scale;

SD, standard deviation.

to the Monday post-DST, and so on). All subjects acted as their
own controls; therefore, comparisons were performed using
repeated measures t-tests using a Holm sequential Bonferroni
method to control for type I error.’” The error rate for each fam-
ily was set at o = 0.05. Therefore, if a p value was listed as part
of the t-test result, the level of significance would be measured
against an adjusted a designated as ol — ak, where k is equal to
the number in the sequence of the pairwise comparisons.

RESULTS

A total of 40 students from 9th to 12th grade volunteered
to participate in this research. They were recruited after their
own and parental consents were obtained. Each participant
was given an ID number, which was assigned to all the study
material in order to ensure confidentiality. Five students did
not complete the study (one student did not attend school for
5 days following his enrolment in the study and 4 failed to
keep > 2 of their scheduled daytime testing appointments).
Data from 35 students were analyzed. Their mean age was
16.5 = 0.89 years (range 15-18), and 43% (n = 15) were boys.

Sleep Duration

Objective measurements of sleep duration revealed a de-
creased sleep time on the weeknights post-DST. Based on
actigraphy, the cumulative sleep loss on the post-DST week-
nights was 2 h 42 min, as compared to the pre-DST period. The
average sleep duration was 7 h 51 min per night on the baseline
weeknights and 7 h 19 min on the weeknights post-DST. This
reflects a mean sleep loss of 32 min/night over the weekdays
following DST (p = 0.001, al = 0.025), as shown on Table 1.

The subjective total sleep time, based on daily sleep diary,
showed similar results, with a cumulative sleep loss of 2 h 14
min during the week and a mean sleep loss of 27 min per night
post-DST compared to the baseline week (p =0.004, al = 0.05).
Subjective weeknight sleep duration documented by sleep di-
ary strongly correlated (r = 0.71, p < 0.001) with total sleep
time quantified by actigraphy.
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There were no statistically significant changes in sleep
efficiency, sleep latency, or WASO post-DST. Mean sleep
efficiency levels by actigraphy were high during the entire
study period, ranging from 95% to 97%, with no measur-
able change in relation to DST. Detailed data from actig-
raphy and sleep log variables for each week are shown on
Tables 1 and 2.

Objective weekend sleep duration by actigraphy showed an
increase in sleep duration on the Saturdays during DST and
post-DST, as compared to the pre-DST weekend. Despite a
trend towards longer sleep duration on the post-DST weekend
by actigraphy, there was no statistically difference in the aver-
age sleep duration for the 3 weekends. The average sleep dura-
tion on the weekend prior to DST was 8 h 36 min + 15 min, on
the DST weekend was 8 h 35 min + 16 min and the post- DST
was 9 h 9 min + 16, min (p = 0.21) as shown on Table 3.

Daytime Performance

Subjective and objective measurements of daytime sleepi-
ness and vigilance, using the KSS questionnaire and PVT per-
formed during the school days preceding and following DST
implementation were analyzed. Increased daytime sleepiness
during the weekdays post-DST was seen, with an average in-
crease in mean KSS score during the post-DST week of 0.78
points (p < 0.001), as compared to baseline.

A decline in psychomotor vigilance was seen during the
week post-DST as determined by students’ mean reaction
time, number of lapses, and reciprocal reaction time. These
post-DST changes were all highly significant (p < 0.001,
al = 0.05 - a4 = 0.0125). There was also an increase in the
slowest 10% of reaction times, with a statistically significant
increase of 68 ms post-DST (p = 0.003, a5 = 0.01). This effect
persisted during the entire week; in fact, it increased in mag-
nitude toward the end of the week (Thursday and Friday post-
DST) as shown in Figure 1. A mixed model analysis including
gender and age as between subject variables failed to reveal a
statistically significant relationship with PVT in this group (eta
square 0.116, p = 0.167).

Journal of Clinical Sleep Medicine, Vol. 11, No. 8, 2015



D Medina, M Ebben, S Milrad et al.

Table 2—Mean * standard deviation values of sleep parameters and sleepiness during the post-DST week in all students.

Week 2 Post-DST p value
Monday Tuesday Wednesday Thursday Friday Week 2 for weekly
Mean % SD Mean % SD Mean % SD Mean % SD Mean % SD Average difference
Actigraphy
TST (min) 44041 +8045 431.29+64.39* 423.61+6850 433.50+69.83 442.29+93.04* 438.61+53.53 0.001
SL (min) 11.79£9.48 12.03 + 11.86 10.42 £ 10.12 13.50 + 22.08 12.23 + 11.84 12.41 + 8.84 0.249
SE (%) 94.82 + 6.62 97.01 +2.58 96.44 +3.74 96.16 + 3.57 95.50 +6.44 95.79 £2.92 0.245
WASO (min) 23.03 +36.15 11.74 £ 10.69 14.97 £ 17.57 16.27 £ 16.18 19.16 + 26.68 17.90 £ 13.43 0.825
Sleep Diary
TST (min) 441,96 £107.98 409.78 £58.72  404.04 +80.57 42585+77.79  365.08 +89.99** 404.78 + 47.45 0.004
SL (min) 15.30 + 16.84 16.28 + 16.32 19.38 £22.95 18.66 + 24.88 15.94 £ 18.10 15.61 £ 14.29 0.308
Awakenings (count) 0.44 +1.08* 0.59 +1.21 0.72+1.30 0.47 £0.84 0.61+0.96 0.58 £ 0.83 0.150
Sleep Quality Score 3.17+£0.85 3.07£0.81 3.11+£0.64 3.21+£0.74 3.00 £0.93* 3.10+£0.48 0.021
KSS Score 494 +£1.83 5.09 + 1.44* 4.89 +1.53 482 +1.59 47 +157* 5.08 +0.89 <0.001

*p < 0.05, **p < 0.01 (significance level for weekday difference). DST, daylight saving time; TST, total sleep time; SL, sleep latency; SE, sleep efficiency;
WASO, wake after sleep onset; KSS, Karolinska Sleepiness Scale; SD, standard deviation.

Table 3—Mean values of sleep parameters by actigraphy and sleep diary on the weekends pre-DST, during and post-DST in

all students.
Pre-DST DST Post-DST
Saturday Sunday Saturday Sunday Saturday Sunday
Mean * SD Mean * SD Mean * SD Mean + SD Mean * SD Mean + SD
Actigraphy
TST (min) 472.5+100 561.8 £ 120.7 5375+84.3*  496.1+98.2 546.6 £ 99.9* 551.4 £98.3
SL (min) 8455 11.8+154 15.1+£13 11.9+13.6 10.4 £10.3 15.1+£21.1
SE (%) 96.5+2.7 95.1+4.6 96.4+3 96.3+3.5 95.7+4.9 954 +4
WASO (min) 17.1+£153 248+245 18.7£15.1 19.0+£18.9 248+28.7 255+ 251
Sleep Diary
TST (min) 409.4 £101.9 527.3 £ 1147 4671 £100.2  479.0+96.3 500.5 £ 110 502.0 £ 75.5
SL (min) 155+ 14.2 20.8+16.3 19.6 £ 18.6 21.0+20.6 148+15 20.0+24.3
Awakenings (count) 15+23 12+14 09+18 05+06 0508 06+08
Sleep Quality Score 3307 3409 33+0.8 3608 36+0.8 3412

**p < 0.01 for pre-DST to DST comparison, *p < 0.05 for pre-DST to post-DST comparison. DST, daylight saving time; TST, total sleep time; SL, sleep
latency; SE, sleep efficiency; WASO, wake after sleep onset; SD, standard deviation.

DISCUSSION

To our knowledge, this is the first study to quantify the
detrimental effects of DST implementation using objective
measurements of sleep duration and vigilance in students at-
tending high school. Maintenance of sleep homeostasis after
this one-hour time loss can be particularly difficult for adoles-
cents and younger adults.'*'>?>-2* Our analyses demonstrated a
decline in sleep duration with a cumulative sleep loss of more
than two hours on the week following DST implementation.
Furthermore, an increase in subjective daytime somnolence
and a drop in vigilance test performance were seen in these
high school students during the school days following DST, as
compared to baseline. These are critical findings for our young
population, who already are exposed to sleep insufficiency
given their propensity for a delayed sleep phase, and chronic
partial sleep deprivation related to school hours, homework,
sports, electronics use, and social activities.?>*%3
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For several years now, researchers have been concerned
about the potential acute effects of the DST on sleep, given the
evidence that a circadian rhythm adaptive response to this one-
hour time change may take several days to be completed." !¢
In our study, the effects of DST on total sleep time, subjective
daytime sleepiness, and vigilance in adolescents were statisti-
cally significant during the week following DST as compared
to the week prior to DST implementation. This decline in sleep
duration and vigilance post-DST may lead to serious public
health concerns, as this population includes inexperienced
drivers and adolescents often trusted in the care of younger
children.

The major strengths of our study include the fact that the
design involved a natural experiment and objective measure-
ments of sleep parameters and vigilance were used to evalu-
ate students in their usual environment. Our results cannot be
explained by a tendency to decrease sleep duration and worsen
performance during the school year, given the magnitude of
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Figure 1—Mean response time on PVT tests performed by all students at baseline and post-DST.
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the findings. Despite our small sample size, clear evidence
of acute sleep loss with measurable effects on daytime per-
formance was demonstrated in this group, which was not ex-
plained by chronotype differences among the students using
sleep midpoint by actigraphy as a surrogate marker.

Several limitations of this study need to be taken into
consideration. These include the small sample size and the
homogenous characteristics of this group regarding age and
geographic location in Westchester County in the Northeast
U.S., which may introduce a sample bias and affect the gen-
eralizability of the results. In addition, the timing of vigilance
test, which was intentionally performed at the same clock time
on the weeks pre- and post-DST, may have introduced a mea-
surement bias given the potential underlying circadian effect of
the one-hour change on students’ performance. Furthermore,
our study only monitored students for one week post-DST, and
it is possible that a longer period is needed to fully quantify
the duration of DST effects on sleep and vigilance.'? Potential
modifiers of the sleep loss effect associated with DST in ado-
lescents include genetic and intrinsic sleep patterns, including
changes in circadian rhythm and a delay in the sleep phase,
which were beyond the scope of this study.?? More detailed ap-
proaches to determine the relationship of intrinsic sleep phase
in high school students, such as dimmed-light melatonin onset
may be an interesting approach to determine the modulatory
effect of circadian rhythm on performance after DST changes.

Intrinsic sleep characteristics and external factors have, over
the years, contributed to generating a large group of sleep de-
prived youngsters.*** Insufficient sleep and increased daytime
sleepiness in adolescents has been extensively documented#%;
therefore, as a society, measures to preserve sleep instead of
hinder it should become a health priority. Concerns regarding
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the immediate effect of DST implementation have been raised
by several researchers; however, up to now, no clear evidence
was present to advocate for changes in DST or in the school
schedule on the week following DST. Our study opens the door
for discussions regarding the unintended effects of DST in a
susceptible population and consideration for measures that may
attenuate these effects. Adapting the school and testing sched-
ule during the post-DST week should be considered along with
reassessing the true value for society, beyond energy savings,
of advancing the clock at this time of the year.2*+

In conclusion, our study results show that sleep in adoles-
cents may be hindered by the early spring DST adjustment,
leading to a decline in cognitive function. Given that DST has
been implemented in many countries as an economic measure,
its impact on sleep health deserves further investigation.

ABBREVIATIONS

CSD-M, Consensus Sleep Diary for Morning
DST, daylight saving time

KSS, Karolinska Sleepiness Scale

PVT, psychomotor vigilance testing

SE, sleep efficiency

SL, sleep latency

TST, total sleep time

WASO, wake after sleep onset
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