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REVIEW ARTICLE

Assessing evidence in translational chronobiology: The cases of Daylight Saving 
Time and road safety, and of school start times and sleep duration
Gianluca Giustia, Chiara Manginib, Davide Erminellib, Esther Dingena Domenieb, and Sara Montagnesea,b

aChronobiology Section, Faculty of Health and Medical Sciences, University of Surrey, Guildford, UK; bDepartment of Medicine, University of 
Padova, Padova, Italy

ABSTRACT
One of the main challenges in translating chronobiology research into clinical practice is represented 
by differences in how basic scientists and clinicians evaluate evidence. The workshop “Assessing 
Evidence in Translational Chronobiology,” which was held at the University of Surrey in June 2023, 
addressed this issue by bringing together basic scientists and clinicians to evaluate evidence on two 
specific topics: the impact of Daylight Saving Time (DST) on road traffic accidents and the relationship 
between delayed school start times (SSTs) and sleep duration in high school students. 
A comprehensive literature search was conducted for discussions during the workshop, which is 
presented in this review. The studies on both topics were analyzed from varying perspectives, including 
that of a chronobiologist and a transportation engineer for the DST-centered question, and that of 
a chronobiologist and an evidence-based medicine expert for the SSTs-centered question. The work
shop audience, acting as a Delphi panel, attempted to produce statements/recommendations. It was 
concluded that most studies suggest that sleep duration benefits from delayed SSTs in high school, 
while less obvious results were obtained regarding the effect of DST on road safety.
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Introduction

One of the challenges in translating Chronobiology research 
into practice is the difference in evaluating evidence between 
basic scientists and clinicians. This can result in some degree 
of disconnection between theoretical knowledge and prac
tical applications, and in the assumption that what is reason
able from a pathophysiological view point can be translated 
into practice without the acquisition of the relevant evidence. 
This slows the translational process and also results in lim
ited interest on the clinicians’ part for topics and discoveries 
that scientists believe to be translationally relevant. Clinicians 
utilise formal pre-defined criteria to acquire and assess evi
dence to inform diagnosis and treatment, while scientists are 
more interested in uncovering general principles underlying 
physiology, and also pathophysiology and disease. Thus, in 
contexts such as DST and road safety, as well as school start 
times and academic performance, a partnership between 
“basic” and “translational” chronobiologists may aid and 
speed decision and policy-making. Engaging in open and 
collaborative discussions about the relative importance of 
the respective perspectives, and different contexts in which 
research is conducted, is probably a reasonable starting 
point. The aim of this narrative review is to present a large 

set of studies collected and analyzed for the workshop 
“Assessing evidence in Translational Chronobiology,” that 
took place at the University of Surrey (UK) in June 2023, and 
to offer some insights and recommendations. The available 
evidence for two “hot topics” in Translational 
Chronobiology: Daylight Saving Time (DST) contributing 
to road traffic accidents and delayed school start times 
(SSTs) resulting in increased sleep duration in high school 
students was evaluated in a multidisciplinary setting.

The influence of transitions to and from DST on road 
traffic accidents is difficult to assess due to the complexity of 
the factors involved (Adams et al. 2005; Broughton and 
Stone 1998; Carey and Sarma 2017; Ferguson et al. 1995; 
Martín-Olalla and Mira 2023; Sullivan and Flannagan 2007). 
On one hand, DST modulates environmental light condi
tions, and this effect varies considerably in different geogra
phical areas. On the other hand, transitions to and from DST 
may result in sleep deprivation and circadian disruption in 
drivers. Both factors could impinge on the incidence of road 
traffic accidents of different types. Studies on the topic have 
typically reported either short-term (up to 2 weeks) or longer 
term effects (usually 3–13 weeks around the clock shift). 
Previous attempts to summarize the studies investigating 
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these effects on road traffic accidents have found inconsis
tent short-term findings and positive long-term effects of 
DST (Carey and Sarma 2017; Martín-Olalla and Mira 2023; 
Molina et al. 2023). However, such positive effects cannot be 
attributed solely to DST, as other risk factors for road traffic 
accidents, such as photoperiod and weather conditions may 
also vary over time, particularly when comparing different 
months like December/January to May/June. The amount of 
social jet-lag (i.e. the effect of time constraints largely derived 
from the social context on sleep-wake timing and sleep 
duration) may also significantly differ in such months. 
This can lead to different degrees of sleep curtailment and 
circadian disruption, especially in evening types, potentially 
impinging on the risk of road traffic accidents (Borisenkov 
et al. 2017).

Sleep has been studied extensively in adolescents 
(Bruce et al. 2017). It is well known that adolescents 
and young adults tend to exhibit delayed sleep onset/ 
offset, which often results in sleep curtailment, especially 
during weekdays, due to early SSTs (Colrain and Baker  
2011). This has also been associated with impaired aca
demic performance (Curcio et al. 2006), and also with an 
increase in transport accidents (Flatley et al. 2004). In this 
context, there is growing interest in whether delaying 
SSTs may be a useful strategy to increase sleep duration 
in adolescents and, in turn, also health and performance 
(Afolabi-Brown et al. 2022; Minges and Redeker 2016).

The aim of this narrative review is to explore the above 
two topics with methods that are commonly utilized to 
produce clinically relevant statements, recommendations 
and guidelines (Cornberg et al. 2019).

Methods

The literature was interrogated via two well-defined PICO 
[Population (P), Intervention (I), Comparator (C), 
Outcome (O)] questions (Huang et al. 2006) i.e.:

● Do healthy individuals (P) have an increased risk of 
road traffic accidents (O) during the Daylight Saving 
Time months (April-October)(I) compared to the 
standard time months (November-March)(C)?

● Are delayed school start times (I) associated with 
longer sleep duration (O) in high school students 
(P)? (C: standard school times)

The evidence was first examined and summarized in 
a comprehensive, detailed fashion by authors CM and GG, 
one with a clinical and one with a neurobiological back
ground, and then double-checked by author EDD. The final 
set of data for both questions was analyzed from more 
specific perspectives: that of a chronobiologist and 

a transportation safety engineer for the DST-centred ques
tion, and that of a chronobiologist and an evidence-based 
medicine expert for the question on school starting times 
and sleep duration. The evidence was graded according to 
the Levels of Evidence (LoE) scale by the Oxford Centre for 
Evidence-based Medicine (Howick 2011); all papers for both 
questions were graded as LoE 3 or 4, which, in general, lead 
to weak or open statements and recommendations (Howick  
2011). The audience of the meeting (a total of 30 partici
pants), acting as a Delphi panel, discussed the overall evi
dence, and attempts were made to produce and vote 
statements/recommendations. A Delphi panel (i.e. the type 
of panel that generally reviews PICO-based clinical practice 
guidelines) consists of a diverse group of experts who have 
been chosen based on their knowledge and experience in the 
relevant topic and express written opinions at all stages of 
a guideline production (Nasa et al. 2021). In our case, 
a structured feedback process and iterative discussions 
between the panellists were chaired by the workshop orga
nizers, with a view to achieve consensus during the work
shop itself.

Search Strategies and Selection Criteria

An extensive literature research was conducted using 
PubMed, Scopus, and Web of Science databases, without 
applying any filter/limitation. The final search was con
ducted on 11 May 2023; the descriptors for each topic are 
listed below. On first screening, which was performed 
through title and abstract evaluation, opinion pieces, 
book chapters, and newspaper/magazine articles in 
which no primary data were analyzed, together with 
papers written in languages other than English and 
clearly non-relevant records were excluded. The detailed 
processes are illustrated in the PRISMA flow diagrams 
(Page et al. 2021), (Figures 1 and 2). The full search 
strategy is available in the Supplementary Materials.

DST and Road Traffic Accidents
The final search included the following descriptors: 
“daylight saving time,” “DST,” “time change,” “road 
safety,” “road traffic,” “crash,” “accident.” Studies 
reporting a quantitative analysis using primary data on 
the effects of DST on road safety-related outcomes (e.g. 
road traffic accidents, casualties, and animal-vehicle 
accidents) and any type of road user were included. 
A second screening resulted in the exclusion of studies 
that artificially constructed a change in lighting condi
tions (e.g. in a laboratory experiment), studies in which 
potential effects of DST were discussed but not ana
lyzed, studies that did not specifically focus on the 
impact of DST, and/or were related to time-zone 
changes rather than DST.
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SSTs and Sleep Duration in High School Students
The final search was conducted using the following 
descriptors: “sleep duration,” “sleep,” “high school,” 
“students,” “adolescents,” “school start time,” “school 
start times,” “school starting times,” “school start 
delay,” “start late,” “start early.” Studies reporting quan
titative or semi-quantitative sleep assessment were 
included. On second screening, studies with endpoints 
other than sleep duration, populations other than high 
school students (e.g. elementary school students, uni
versity students, teachers), or no quantitative assess
ment of sleep duration were excluded.

Results

Do Healthy Individuals Have an Increased Risk of 
Road Traffic Accidents During the Daylight Saving 
Time Months (April–October) Compared to the 
Standard Time Months (November–March)?

Characteristics of the Studies
The final set included 31 original papers. Fourteen 
studies were from the USA (Coren 1996; 

Cunningham et al. 2022; Ferguson et al. 1995; Fritz 
et al. 2019, 2020; Hicks et al. 1983; Huang and Levinson  
2010; Lahti et al. 2010; Molina et al. 2023; Prats-Uribe 
et al. 2018; Smith 2016; Sood and Ghosh 2007; Stevens 
and Lord 2006; Zhou and Li 2022), 12 from Europe 
(Abeyrathna and Langen 2021; Alsousou et al. 2009; 
Bunnings and Schiele 2021; Coate and Markowitz  
2004; Ellis et al. 2016; Lambe and Cummings 2000; 
Nohl et al. 2021; Robb and Barnes 2018; Singh et al.  
2022; Sullivan and Flannagan 2007; Varughese and 
Allen 2001; Whittaker 1996), one from Asia (Teke 
et al. 2021), one from Oceania (James 2023), and 
three studies with no specific location (Martín-Olalla 
and Mira 2023; Meyerhoff 1978; Vincent 1998), pub
lished from 1978 to 2023 (median year of publication: 
2016). All studies were retrospective observational, and 
one was a meta-analysis. Most of the studies (77%) 
analyzed the short-term effects of clock shifts on the 
risk of road traffic accidents by assessing the period 
immediately (two weeks or less) before and/or after. In 
addition, 45% of the studies investigated the overall or 
longer term effects of clock shifts on road safety. The 

Records identified from Databases 

n=116 PubMed

701         n=285 Scopus

n=300 Web of Science

Records after duplicates 
removed (n = 545)

Records screened 
(n =545 )

Records excluded 
(n = 495)

Full-text articles assessed 
for eligibility
(n = 50)

Studies included in the 
review
(n = 27)
Records added manually
(n = 4)

Identification of studies 

noitacifitnedI
gnineercS

In
cl
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Duplicate records removed
(n = 156)

Full text articles excluded, with 
reasons (n =23):
- study design (n =12)
- no original data (n = 9)
- languages (n = 1)
- no full-text available (n = 1)

Figure 1. PRISMA flow diagram. Selection process for research question: “Do healthy individuals have an increased risk of road traffic 
accidents during the daylight saving time months (April-October) compared to the standard time months (November-March)?” 
Excluded records on first screening were: opinion pieces/book chapters/articles in which no primary data were analyzed/papers not in 
English/clearly non-relevant records.
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timeframes for the longer term effect studies ranged 
from 3 to 13 weeks. A single study conducted 
a comparative analysis of the two-weeks before and 
after transitioning to and from DST with equivalent 
intervals without the transition (Teke et al. 2021). 
Thirteen out of 31 papers focused the analysis on all 
types of road traffic accidents (41%), eight on fatal 
accidents (25%), two on hospital admissions due to 
road traffic accidents (6%), three on animal-vehicle 
accidents (9%), and five on motor vehicle acci
dents (16%).

The Short Term Effect
The main findings are summarized in Table 1. Of the 24 
studies analyzed, five reported an increase in the total 
number of road traffic accidents (Coren 1996; Hicks 
et al. 1983; Lahti et al. 2010; Robb and Barnes 2018; 
Stevens and Lord 2006) and five indicated an increase in 
fatal or severe injuries (Alsousou et al. 2009; Fritz et al.  
2020; Prats-Uribe et al. 2018; Smith 2016; Varughese 
and Allen 2001). Eleven studies did not observe 
a difference after the clock shift to DST in Spring 
(Abeyrathna and Langen 2021; Bunnings and Schiele  
2021; Cunningham et al. 2022; Fritz et al. 2019; James  

2023; Lambe and Cummings 2000; Molina et al. 2023; 
Nohl et al. 2021; Sood and Ghosh 2007; Teke et al. 2021; 
Vincent 1998), with some exceptions when different 
types of road traffic accidents were taken into account 
(Bunnings and Schiele 2021; Molina et al. 2023; Nohl 
et al. 2021). Molina et al. documented a notable increase 
in fatal accidents and nighttime crashes, particularly 
from Sunday to Friday. However, no evident variations 
were reported within the broader sample (Molina et al.  
2023). A few studies (three out of 24) suggested 
a potentially positive effect of the Spring transition to 
DST on road safety (Huang and Levinson 2010; 
Whittaker 1996; Zhou and Li 2022).

Considering the clock shift to standard time, 20 short- 
term studies provided relevant data, out of which seven 
reported an increase in the risk of all types of road traffic 
accidents, fatal accidents, and accidents involving ani
mals after the transition from DST to standard time 
(Abeyrathna and Langen 2021; Cunningham et al. 2022; 
Molina et al. 2023; Prats-Uribe et al. 2018; Stevens and 
Lord 2006; Varughese and Allen 2001; Zhou and Li  
2022). Eleven studies reported no difference after the 
DST to standard time clock shift (Bunnings and Schiele  
2021; Fritz et al. 2019, 2020; Huang and Levinson 2010; 

Records after duplicates 
removed (n = 359)

Records screened (n =359)
Records excluded
(n = 279)

Full-text articles assessed 
for eligibility (n = 80)

Full text articles excluded, with 
reasons (n = 38):
- endpoint different from 

sleep duration (n = 23)
- not related to research 

question (n = 11)
- type of paper (n = 4)

Studies included (n = 42)

noitacifitnedI
gnineercS

In
cl

ud
ed

Duplicate records removed
(n = 391)

Identification of studies 

Records identified from Databases 

n=187 PubMed

750 n=273 Scopus

n=290 Web of Science

Figure 2. PRISMA flow diagram. Selection process for research question: “Are delayed school start times associated with longer sleep 
duration in high school students?” Excluded records on first screening were: opinion pieces/book chapters/articles in which no primary 
data were analyzed/papers not in English/clearly non-relevant records.
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Table 1. Summary of the 24 studies on the short-term effects of time transitions (to/from DST) on road traffic accidents.
Authors(year) Analysis years Timeframe Key findings Population Sample size

Abeyrathna 
et al. (2021)

2005–2007 Up to 4 weeks before and 4 weeks after Following the transition to DST, no 
change/slight decrease in the 
frequency of animal-vehicle 
accidents in the evening hours on 
weekdays. After the transition to 
standard time, the animal-vehicle 
accidents rate increased during 
evening hours and decreased in 
morning hours on weekdays

Animal- 
vehicle 
accidents

35167

Alsousou et al. 
(2009)

1996–2006 Up to 4 weeks before and 4 weeks after Fatal accidents related to RTAs 
increased up to 14 days after the 
transition to DST

Fatal 
accidents

282

Bunnings and 
Schiele 
(2021)

1997–2017 n/a No clear evidence. Fatal/serious 
accidents increased by 7.2% during 
the dark hours

All accidents 4100000

Coren (1996) 1991–1992 1 week before, week of and 1 week 
after

RTAs increased by 8% after transition 
to DST and decreased by 8% after 
transition to standard time

All accidents 21603

Cunningham 
et al. (2022)

1994–2021 1 week before and 1 week after Animal-vehicle accidents were 14 times 
more likely shortly after dark. Night- 
time traffic and animal-vehicle 
accidents were more frequent 
during standard time. Animal- 
vehicle accidents increased by 16% 
in the week after transition to 
standard time

Animal- 
vehicle 
accidents

1012465

Fritz et al. 
(2019)

1975–2018; 2012– 
2018; 2007–2018

Saturdays, Sundays, and Mondays in 
the week before and after the DST 
spring transition.

No differences in fatal/non-fatal 
accident rates associated with the 
time transitions. This was not 
influenced by accident fatality, time- 
of-day, or geographical location

All accidents 1874672

Fritz et al. 
(2020)

1996–2006; 
2007–2017

1 week before and 1 week after Fatal traffic accident risk increased by 
6% after transition to DST, especially 
in the morning. West locations in 
time zone were more affected by 
transition to DST

Motor 
vehicle 
accidents

732835

Hicks et al. 
(1983)

1976–1978 1 week before and 1 week after Transitions to/from DST were 
associated with a significant increase 
in RTAs during the post-change 
weeks. The negative consequences 
of transitions may persist for more 
than one week

All accidents 120111 
(weekly-RTA 

database); 
240222 (daily- 

RTA 
database)

Huang and 
Levinson 
(2010)

2001–2007 Up to 8 weeks before and after DST is associated with fewer crashes for 
most dayparts; DST is also correlated 
with fewer fatal crashes than 
standard time

Motor 
vehicle 
accidents

n/a

James (2023) 1989–2015 According to day‐of‐week, month‐of‐ 
year, year, and state fixed model

DST did not have an impact on fatal 
accidents. There was evidence of 
reallocation of accidents over 
the day due to ambient light

Fatal 
accidents

41000

Lahti et al. 
(2010)

1981–2006 1 week before and after Transitions to/from DST did not 
increase the number of crashes 
requiring hospitalization. DST 
transitions may increase the number 
of less severe accidents not requiring 
hospital treatment

Motor 
vehicle 
accidents

n/a

Lambe and 
Cummings 
(2000)

1984–1995 Monday before and after; 1 week after Transition to/from DST did not have 
measurable effects on RTAs rates

All accidents 6844

Molina et al. 
(2023)

1983–2019 1 week before and after An increase in all crashes on the 
Sunday and Monday after transition 
from DST; other days were not 
significant

All accidents n/a

Nohl et al. 
(2021)

2002–2017 1 week before and after Increased motorcycle accidents up to 
52%, but no difference in overall 
RTAs after transition to DST. 
Decrease in motorcycle and bicycle 
accidents during time transition 
from DST to standard time

Number of 
traumas 
due to RTA

30000

(Continued)
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James 2023; Lahti et al. 2010; Lambe and Cummings  
2000; Nohl et al. 2021; Sood and Ghosh 2007; Teke 
et al. 2021; Vincent 1998). However, while Nohl et al. 
reported no changes after the DST to standard time shift 
when the entire sample was analyzed, they found 
a decrease in motorcycle and bicycle road accidents 
(Nohl et al. 2021). Finally, two studies found a decrease 
in road traffic accidents after the clock shift to standard 
time (Coren 1996; Hicks et al. 1983).

Some studies also focused on the immediate effect of 
the transition (Harrison 2013; Lahti et al. 2010). 
Following DST, a significant increase in road traffic acci
dents was observed on Monday, and a corresponding 
reduction was observed after the DST to standard time 
shift in Autumn (Coren 1996). Varughese and Allen 
found an increase in fatalities immediately following the 
clock shifts in both Spring and Autumn (Varughese and 
Allen 2001). By contrast, Lambe and Cummings showed 

Table 1. (Continued).
Authors(year) Analysis years Timeframe Key findings Population Sample size

Prats-Uribe 
et al. (2018)

1990–2014 Day of the DST shift and up to 30 days 
after

Risk of fatal RTAs increased by 30% on 
the day of transition to/from DST 
and decreases after (the effect is 
similar but less pronounced after the 
transition to standard time)

Fatal 
accidents

n/a

Robb and 
Barnes (2018)

2005–2016 1 week before and after RTAs rates RTAs increased by 16% on 
the day of transition to DST and by 
12% the following day

All accidents 2256

Smith (2016) 2002–2011 n/a Fatal RTAs increased by 5-7% 
immediately after the transition to 
DST; no impact after the transition 
from DST

Fatal 
accidents

4̴0000

Sood and 
Ghosh (2007)

1976–2003 Monday before, Monday of and 
Monday after

No short term effect Fatal 
accidents

n/a

Stevens and 
Lord (2006)

1998–2000 5 days before and after A negative impact of the transition to/ 
from DST is particularly marked for 
the transition from DST. Transition to 
DST results in a decrease in the 
number of pedestrian crashes

All accidents 157290

Teke et al. 
(2021)

2014–2015 winter time; 
2015–2016 summer 

time; 2016–2017 winter 
time; 2017–2018 

summer time;

2 weeks before and after ST shift 
(2014–2015) and DST shift (2015– 
2016); 2 weeks before and after the 
same period with permanent DST in 
2016–2017 winter months and 
2017–2018 summer months

No increase in the number of RTAs 
during the transition to/from DST. 
Gender, time of admission, week of 
admission, injury severity scores, and 
outcome are not affected by time 
transitions

Hospital 
admission 
after road 
traffic 
collisions

710

Varughese and 
Allen (2001)

1975–1995 1 week before and after Increase in vehicle accidents on 
Monday after transition to DST; 
increase accidents on the Sunday 
after transition to standard time

Fatal 
accidents

n/a

Vincent (1998) 1984–1993 Up to 8 days before and after No peaks on Mondays after the 
transition to/from DST. No 
differences in motor vehicle 
accidents rates in the weeks before/ 
after the transitions

Motor 
vehicle 
accidents

n/a

Whittaker 
(1996)

1983–1993 1 week before and after Accidents decreased by 6% in morning 
and 11% in evening after transition 
to DST, especially in the pedestrian 
(36%), cyclist (11%) and schoolchild 
(24%) subgroups. Transition from 
DST associated with a reduction 
(6%) in accidents in the morning. 
Evenings were associated with 
significant increases in accidents 
(4%), mainly involving vehicle (5%) 
and pedestrian (8%)

Fatal 
accidents

4185

Zhou and Li 
(2022)

2014–2016 Up to 8 week for the Spring time 
change and until 4 week for the 
Autumn time change

Decreased accidents after transition to 
DST, the highest reduction on 
Sundays (27%) and lowest on 
Fridays (14%). Nighttime accidents 
decreased by a third, while daytime 
had a mild reduction of 12%. 
Increased accidents after transition 
from DST, the highest on Mondays 
(14%)

All accidents n/a

RTAs=road traffic accidents, DST=Daylight Saving Time.
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no significant differences in accident frequency on the 
Monday before, the Monday immediately after, and 
the second Monday after the Spring and Autumn transi
tions (Lambe and Cummings 2000). Vincent reported no 
peaks or troughs on Mondays after the transition to DST 
or the return to standard time (Vincent 1998). Molina 
et al. only observed an increase in all crashes immediately 
after the end of the DST in Autumn (Molina et al. 2023).

The Longer Term Effect
Fourteen studies examined the longer term impact of 
DST on road safety (Table 2). Two studies reported 
an increase in accidents and casualties after the Spring 
transition (Alsousou et al. 2009; Smith 2016); three 
studies did not report changes associated with DST 
months in accidents, injuries, and fatalities (Coate 

and Markowitz 2004; Prats-Uribe et al. 2018; 
Sullivan and Flannagan 2007). However, factors such 
as light conditions and the type of road users 
impacted the results when taken into consideration 
(Coate and Markowitz 2004; Sullivan and Flannagan  
2007). In this regard, although Coate and Markowitz 
did not report any significant differences in accident 
rates, they observed an increase in morning pedes
trian fatalities when sunrise and sunset were later 
(Coate and Markowitz 2004). Six studies reported 
a reduction in accidents during DST months, 
although the overall magnitude of this effect is diffi
cult to estimate due to the variability of approaches 
and analyses in such studies (Ferguson et al. 1995; 
Huang and Levinson 2010; Meyerhoff 1978; Singh 
et al. 2022; Sood and Ghosh 2007; Zhou and Li  

Table 2. Summary of the 14 studies on the long-term effects of DST vs standard time on road traffic accidents.

Authors(year)
Analysis 

years Timeframe Key findings Population
Sample 

size

Abeyrathna 
et al. (2021)

2005-2007 4 weeks before and 4 weeks after Animal-vehicle accidents significantly increased after the 
transition from DST for the first three weeks. Accident 
rates increased steadily for six weeks before transition and 
peaked in the second week after

Animal- 
vehicle 
accidents

35167

Alsousou et al. 
(2009)

1996-2006 4 weeks before and 4 weeks after Overall, there were more accidents both after transition to/ 
from DST (34%/65%)

Fatal 
accidents

282

Coate and 
Markowitz 
(2004)

1998-1999 1 month before and 1 month after Full year DST would reduce all pedestrian fatalities by 13% in 
the 5:00-10:00 a.m. and 4:00-9:00 p.m. time periods. Motor 
vehicle occupant fatalities would be reduced by 3% 
per year. Overall, no difference in fatal accidents

Fatal 
accidents

14360

Cunningham 
et al. (2022)

1994-2021 Over the year Permanent DST would prevent 36 550 deer-vehicle collisions 
and save $1.2 billion in collision costs annually. Permanent 
standard time would lead to 74 000 additional deaths 
annually

Animal- 
vehicle 
accidents

1012465

Ellis et al. (2016) 2009-2010; 
2010-2011

April to Sept – Oct to March DST decreased accidents involving koalas by 8% on 
weekdays and 11% on weekends in the DST months. 
Implementing DST could prevent many koala deaths 
each year

Animal- 
vehicle 
accidents

1348

Ferguson et al. 
(1995)

1987-1991 22 weeks before and 22 weeks 
after

Reduced pedestrian and vehicle occupant fatalities due to 
DST implementation. Reported inverse relationship 
between light level and fatal crashes. Controlled for 
geographic variation by calculating actual sunrise/sunset 
times

Fatal 
accidents

74811

Huang and 
Levinson 
(2010)

2001-2007 8 weeks before and after Overall DST associated with fewer accidents than standard 
time in the long run

Motor 
vehicle 
accidents

n/a

Meyerhoff 
(1978)

1973 -1974 n/a DST reduces fatal RTAs by approximately 1%, during several 
weeks after the transition to/from DST

Motor 
vehicle 
accidents

n/a

Prats-Uribe 
et al. (2018)

1990-2014 Day of the DST and up to 30 days DST changes associated with lower road safety, with a cost of 
1.5 lives every year due to RTAs

Fatal 
accidents

n/a

Singh et al. 
(2022)

2005-218 3 weeks before and 3 weeks after DST transitions have a minor positive impact on road 
accidents and fatalities. The estimated reduction in 
fatalities is 0.75 per year on average. The estimated 
reduction in total accidents is 4.73 per year on average

All accidents 
and 
fatalities

7̴00000

Smith and 
Austin (2016)

2002-2011 n/a Overall DST increased the fatal vehicle accidents but the 
results are limited

Fatal 
accidents

4̴0000

Sood and 
Ghosh (2007)

1976-2003 Monday before, Monday of and 
Mondays after

Having controlled for collision trends within and across years, 
8-11% decrease in fatal accidents involving pedestrians 
and 6-10% decrease for vehicular occupants during DST

Fatal 
accidents

n/a

Sullivan and 
Flannagan 
(2007)

1987–2004; 
1991–1999

5 weeks before and after No effect reported, while risk for fatal accidents involving 
pedestrians, animals and other motor vehicles was 
increased in low light levels

All accidents 56266

Zhou and Li 
(2022)

2014-2016 Up to 8 week for the spring time 
change and up to 4 week for 
the Autumn time change

Transition to DST led to an 18% reduction in accidents over 
an eight-week period, while transition from DST resulted 
in a 6% increase in accidents over a four-week period

All accidents n/a

RTAs=road traffic accidents, DST=Daylight Saving Time.
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2022). Nevertheless, when accidents involving pedes
trians were considered, the decrease clearly tended to 
be larger for pedestrians than for vehicle occupants 
(Ferguson et al. 1995; Sood and Ghosh 2007). 
Moreover, three studies showed a decrease in road 
traffic accidents involving animals during DST 
months and an increase during standard time months 
(Abeyrathna and Langen 2021; Cunningham et al.  
2022; Ellis et al. 2016).

Most literature has predominantly relied on actual 
data to explore the longer term consequences of DST 
on road traffic safety, assessing a specific time period 
within a given range of weeks (between 3 and 13  
weeks) in the Spring and/or Autumn. However, it is 
worth mentioning that five studies utilized models 
developed from real data to estimate the effect as 
a year-round DST (“long-term effect”), generally as 
a secondary study aim (Bunnings and Schiele 2021; 
Coate and Markowitz 2004; Cunningham et al. 2022; 
Ferguson et al. 1995; Stevens and Lord 2006). Some 
models considered various relevant factors (e.g. light 
conditions, state speed limits, seat belt and vehicle 
inspection regulations, alcohol control policies and 
weather) but did not account for the longer-term 
effects of clock shifts and later sunrises and sunsets 
on sleep patterns. While some of these studies 
showed a larger reduction in accidents involving 
pedestrians rather than vehicles with a year-round 
DST (Coate and Markowitz 2004; Ferguson et al.  
1995), others reported that a year-round standard 
time would reduce motor vehicle accidents and, to 
a lesser extent, accidents involving pedestrians 
(Stevens and Lord 2006). Additionally, Bunnings 
and Schiele compared simulated accident counts 
under different time regimes, suggesting that road 
safety is somewhat higher under an all-year DST 
than under an all-year standard time (Bunnings and 
Schiele 2021).

Finally, in what is a unique study, Teke and co-authors 
compared emergency room admissions resulting from 
road traffic accidents during the two weeks around DST, 
before and after the implementation of permanent DST in 
Turkey, reporting no impact on road traffic accidents 
during these weeks (Teke et al. 2021).

Are Delayed School Start Times Associated with 
Longer Sleep Duration in High School Students?

Characteristics of the Studies
The final database included 42 original papers (Table 3) 
from different geographical areas: 25 from USA/Canada 
(Berry et al. 2021; Boergers et al. 2014; Carskadon et al.  

1998; Danner and Phillips 2008; Dunster et al. 2018; 
Fuller and Bastian 2022; Gariépy et al. 2017; Meltzer, 
Saletin, et al. 2021, Meltzer, Wahlstrom, et al. 2021; 
Meltzer 2022; Nahmod et al. 2017; Ming et al. 2011; 
Neuroth et al. 2021; Owens et al. 2010, 2017; Nahmod 
et al. 2019; Paksarian et al. 2015; Patte et al. 2017, 2019; 
Peltz et al. 2017; Short et al. 2013; Thacher and Onyper  
2016; Wahistrom 2002; Weingart et al. 2021; Widome 
et al. 2020), 7 from Europe (Alfonsi et al. 2020; Das- 
Friebel et al. 2020; Evanger et al. 2023; Koscec Bjelajac 
et al. 2020; Perkinson‐Gloor et al. 2013; Vedaa et al. 2012; 
Winnebeck et al. 2020), 6 from Asia (Borisenkov et al.  
2022; Chan et al. 2017, 2018; Kim 2022; Lo et al. 2018; 
Rhie et al. 2018), three from South America (Alves et al.  
2020; De Araújo et al. 2022; Estevan et al. 2022), and one 
from Oceania (Borlase et al. 2013), published between 
1998 and 2023 (median year of publication: 2018). 
Twenty-two studies were longitudinal, whereas the 
others were observational (Table 3).

The final database comprised ~ 340000 high school stu
dents from grades 9th to 12th, age 13–18 y; in 10 studies, 
grades 6th to 8th were also considered (Borisenkov et al.  
2022; Gariépy et al. 2017; Kim 2022; Koscec Bjelajac et al.  
2020; Lo et al. 2018; Meltzer et al. 2021, 2022; Owens et al.  
2017; Patte et al. 2017; Weingart et al. 2021). The median 
cumulative population was ~ 1150 participants. When 
grouping students by population size, five studies (12%) 
included < 100 students, 12 (29%) 100–500 students, three 
(7%) 501–1000 students, 14 (31%) 1001–10000 students, 
and eight (21%) >10000 students (Table 3).

Sleep duration was assessed with questionnaires in 
most studies (n = 32); actigraphy was used in 8 studies, 
either alone (3 studies) or together with another method 
(sleep diaries in 3 studies, sleep diaries and melatonin 
profiles in 1 study, surveys in 1 study); sleep diaries were 
also used alone in 2 studies and together with surveys in 
other 2 studies, while 1 study assessed sleep duration 
with face-to-face interviews and surveys (Table 3). 
Actigraphy and sleep diaries were used when the popu
lation size was smaller, whereas questionnaires/surveys 
were preferred in studies with a larger population size 
(Figure 3).

Main Findings
Despite the large variety of study designs, delayed SSTs 
were associated with longer sleep duration in 39 out of 42 
studies, with a mean±SD sleep time extension of 36 ±  
16 min. Both longitudinal and observational studies 
found an increase in sleep duration with later SSTs. 
SSTs at baseline varied considerably, from as early as 
07:15 h to 09:00 h (mean±SD SST at baseline 07:51 ±  
00:27 h), and SST delay also varied, with a mean of 50 ±  
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Table 3. Summary of the 42 studies on the effect of delaying School Start Time (SST) on sleep duration in high school students.
Authors(year) Population Methods Intervention/Exposure Outcomes/key findings Secondary outcomes

Studies that met the primary outcome – intervention

Estevan et al. 
(2022)

grades 9-12 high school 
students (15)

actigraphy 60 min SST delay due to 
irregular SSTs during 
pandemics

34 ± 5 min increase in sleep 
duration

de Araújo et al. 
(2022)

high school students (48) actigraphy 
sleep diaries

60 min SST delay for 1 week increase in sleep duration mental health

Winnebeck et al. 
(2020)

grades 10-12 high school 
students (65)

actigraphy 60 min optional SST delay for 
9 weeks

65 min increase in sleep duration sleep quality

Dunster et al. 
(2018)

grade 10 high school 
students (100)

actigraphy 
surveys

50 min SST delay 34 min increase in sleep duration academic 
performance

Vedaa et al.  
(2012)

grade 10 students (106) questionnaires 
reaction time 
tests

60 min SST delay on 
Mondays

60 min increase in sleep duration 
on Sunday nights

sleep quality

Boergers et al. 
(2014)

grades 9-12 boarding 
school students (197)

surveys 25 min SST delay 29 min increase in sleep duration mental health

Owens et al. 
(2010)

grades 9-12 high school 
students (201)

surveys 30 min SST delay 45 min increase in sleep duration mental health

Borlase et al. 
(2013)

grades 9-12 high school 
students (212)

surveys 90 min SST delay increase in sleep duration sleep quality

Chan et al. (2018) grade 11 high school 
students (228)

questionnaires 60 min SST delay increase in sleep duration mental health

Lo et al. (2018) grades 7-10 students 
(375)

actigraphy 
sleep diaries

45 min SST delay 23.2 min increase in time in bed mental health

Widome et al. 
(2020)

grades 9-11 high school 
students (455)

actigraphy 50 min SST delay 42 min increase in sleep duration

Meltzer et al. 
(2022)

grades 6-12 students 
(1152)

surveys 50 min SST delay 31 min increase in sleep duration sleep quality

Chan et al. (2017) students (1173) surveys 15 min SST delay increase in time in bed mental health
Wahistrom (2002) grades 9-12 high school 

students (~1200)
surveys 

school reports
85 min SST delay increase in sleep duration mental health

Kim (2022) grades 7-12 students 
(2351)

surveys 60 min later SST increase in sleep duration academic 
performance

Berry et al. (2021) grades 9-11 high school 
students (2414)

surveys 50 min SST delay increase in sleep duration sleep quality

Owens et al. 
(2017)

grades 7-12 students 
(2416)

questionnaires 50 min SST delay 30.1 min increase in sleep 
duration

sleep quality

Danner et al. 
(2008)

grades 9-12 high school 
students (9966)

questionnaires 60 min SST delay increase in sleep duration car crash

Patte et al. (2019) grades 9-12 high school 
students (27930)

questionnaires 10 min SST delay 23.7 min increase in sleep 
duration

Meltzer, 
Wahlstrom, 
et al. (2021) (2)

grades 6-12 students 
(~28000)

surveys 70 min SST delay 45 min increase in sleep duration sleep quality

Rhie et al. (2018) grades 9-12 high school 
students (42517)

surveys 60 min SST delay increase in sleep duration academic 
performance

Fuller et al. (2022) grades 9-12 high school 
students (62873)

surveys 
school reports

90 min SST delay 46 min increase in sleep duration academic 
performance

Studies that met the primary outcome – exposure

Carskadon et al. 
(1998)

grades 9-10 high school 
students (40)

actigraphy 
sleep diaries 
melatonin

65 min SST advance due to 
transition from 9 to 10 
grade

decreased sleep duration and 
delay in DLMO phase in 10th 
grade

Alfonsi et al. 
(2020)

students (51) sleep diaries early vs late (≥8:30 a.m.) SST 34 min increase in sleep duration 
across the academic year

academic 
performance

Nahmod et al. 
(2019)

adolescents (383) actigraphy 
sleep diaries

very early (<7.30 a.m.) vs 
early vs late (>8.30 a.m.) 
SST

21-34 min increase in sleep 
duration

Nahmod et al. 
(2017)

students (413) sleep diaries early vs late (>8.30 a.m.) SST 27-57 min increase in sleep 
duration

Weingart et al. 
(2021)

grades 6-12 teens (590) surveys irregular SSTs in home- 
schooling

increase in sleep duration

Short et al. (2013) grades 9-12 high school 
students (687)

sleep diaries 
surveys

earlier vs later SST difference 
(45 min)

47 min increase in sleep duration

Ming et al. (2011) grades 9-12 high school 
students (1941)

surveys early vs late SST earlier SSTs associated with 
shorter sleep duration

sleep quality

Koscec Bjelajac 
et al. (2020)

grades 6-12 students 
(2033)

surveys weekly SST alternation 08:00 
a.m./14:00 p.m.

increase in sleep duration in 
14:00 a.m. SST

mental health

Perkinson‐Gloor 
et al. (2013)

grades 8-9 students 
(2716)

questionnaires earlier vs later SST difference 
(20 min)

increase in sleep duration mental health

Evanger et al. 
(2023)

grades 10-11 high school 
students (4010)

surveys earlier vs later SST (15 min) increase in sleep duration circadian preference 
predictor

Meltzer, Saletin, 
et al. (2021)

students (5245) surveys irregular SSTs during 
pandemics

increase in sleep duration

(Continued)
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21 min and a median of 60 min (mean±SD SST after the 
delay: 08:42 ± 00:32 h). Even short delays of 30 min or less 
resulted in longer sleep duration (Boergers et al. 2014; 
Chan et al. 2017; Evanger et al. 2023; Gariépy et al. 2017; 
Neuroth et al. 2021; Owens et al. 2010; Patte et al. 2019; 
Perkinson‐Gloor et al. 2013). The methods, study popu
lation and main findings of all studies included are sum
marized in Table 3, divided by outcome and intervention/ 
exposure. Of interest, Carskadon et al. studied the effect 
of a 65-min earlier SST in 10th grade compared to the 
later 9th grade SST in a total 40 students; earlier SST was 
associated with a decrease in sleep duration, as measured 
by actigraphy (Carskadon et al. 1998).

Of the 39 studied that met the outcome of prolonging 
sleep duration, 27 also included and met different sec
ondary outcomes (Table 3), that were positively asso
ciated with the main finding: 11 studies showed an 
improvement in mental health issues (e.g. symptoms 
of depression/anxiety), eight studies showed an increase 
in sleep quality, six found an improvement in academic 
performance, and finally longer sleep duration was asso
ciated with circadian preference predictors, general 
health improvement, and car crash incidence decrease 
in one study each (Table 3).

Of three studies in which delayed SSTs did not result 
in longer sleep duration, Das-Friebel et al. analyzed 

Table 3. (Continued).
Authors(year) Population Methods Intervention/Exposure Outcomes/key findings Secondary outcomes

Borisenkov et al. 
(2022)

grades 6–11 students 
(6571)

questionnaires earlier vs later SST difference 
(60 min)

increase in sleep duration academic 
performance

Paksarian et al. 
(2015)

grades 9–12 high school 
students (7308)

interviews 
school reports

early vs late SST increase in sleep duration

Alves et al. (2020) grades 9–11 high school 
students (11525)

questionnaires morning vs afternoon school 
shifts

increase in sleep duration in 
afternoon shifts

Gariépy et al. 
(2017)

grades 6–12 students 
(29635)

surveys earlier vs later SST difference 
(10 min)

3.2 min increase in sleep duration 
every 10 min delay in SST

Patte et al. (2017) grades 9–12 high school 
students (35821)

surveys earlier vs later SST difference 
(60 min)

7 min increase in sleep duration health  
recommendations

Neuroth et al. 
(2021)

grades 9–12 high school 
students (46537)

surveys early vs late (≥8:30 a.m.) SST increase in sleep duration mental health

Studies that did not met the primary outcome

Peltz et al. (2017) grades 9–11 high school 
students (197)

sleep diaries 
surveys

early (<8.30 a.m.) vs late 
(≥8:30 a.m.) SST

baseline better sleep hygiene 
improved mental health

mental health

Thacher et al. 
(2016)

grades 9–12 high school 
students (410)

surveys 
school reports

45 min SST delay delay in sleep period academic 
performance

Das-Friebel et al. 
(2020)

grades 9–12 high school 
students (663)

surveys 20 min SST delay delay in sleep period

Figure 3. Sleep duration measurement methods. Number of studies (out of a total of 42) using actigraphy (blue), sleep diaries (red), 
questionnaires/surveys (grey) or interviews (violet) as the main method for sleep measurement, grouped by study population size 
(x-axis). In small population size studies (n = <100), actigraphy and sleep diaries were the preferred method, whereas questionnaires/ 
surveys were preferred in larger studies.
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surveys of 663 high school students before and after 
a 20-min delay of SST: a significant delay in bed and 
wake up times (but not in sleep duration) was observed; 
moreover, daytime sleepiness and mood did not 
improve (Das-Friebel et al. 2020). In Peltz et al., early 
versus late SST did not show a difference in sleep dura
tion in 197 adolescents, using surveys and sleep diaries, 
although a better sleep hygiene was associated with 
improvement in mental health in this study (Peltz 
et al. 2017). Finally, Thacher et al. analyzed a 45 min 
delay in SST at two follow-up (after six and 12 months) 
of 410 high school students via surveys, and found that, 
after a transient longer sleep duration at first follow-up 
time, this was not confirmed at second follow-up; never
theless, a significant reduction in daytime sleepiness at 
both follow up times was recorded (Thacher and 
Onyper 2016).

Discussion

DST and Road Traffic Accidents

Although numerous studies have explored the impact of 
DST on road safety – mostly the short term impact of 
transitions to and from DST – findings have been 
inconsistent, with some studies indicating that clock 
adjustment can have either a positive or negative influ
ence on road safety, and others documenting no impact. 
These disparate outcomes may be due to the opposing 
effects of DST, as previously suggested (Carey and 
Sarma 2017). Although DST increases ambient light in 
the late afternoon, when traffic volumes are typically 
high, thus increasing road safety, it also negatively 
affects drivers by causing sleep curtailment, which can 
adversely affect driving ability (Orsini et al. 2022, 2023). 
Sleep curtailment can be especially problematic for ado
lescents and young adults, who are also more susceptible 
to social jet-lag and to high-risk behaviours such as 
speeding, texting while driving, and substance misuse. 
The adverse effects of sleep curtailment and circadian 
misalignment may be more prominent during midwin
ter’s limited daylight hours and midsummer’s late sun
sets. Consequently, studies conducted over 3–13 weeks 
during Spring or Autumn transitions could underesti
mate the longer-term impact of DST on road safety. 
Moreover, due to the retrospective nature of the studies, 
it is difficult to isolate the effect of DST per se, especially 
when considering the confounding effects of factors 
such as traffic volumes, road conditions, weather (and 
their combination, such as icy stretches), or road users 
involved. Finally, most of the research conducted thus 
far has focused on examining the impact of changes 
between standard time and DST, and on distinguishing 

between the effects of the Autumn and Spring transi
tions. Fewer studies have attempted to compare the 
consequences of DST versus standard time in general.

By contrast, the majority of longer term data and 
models suggested a decrease in road traffic accidents 
despite the wide range in time frames, ranging from 3 
to 13 weeks, although inconsistency remained. 
Moreover, it is important to note that DST is different 
from permanent DST. This, which is not necessarily 
widespread perception, would result in work/school 
starting long before dawn, depending on geographical 
location and photoperiod (Antle 2023). In addition, the 
loss of morning light and late evening light exposure in 
the summer would result in further circadian delay, 
making it harder to fall asleep at night and to wake up 
in the morning. This is most likely the reason why 
experiments with permanent DST (for example in 
Russia, the USA, and the United Kingdom) have all 
been rapidly abandoned (Borisenkov et al. 2017; Gray 
and Jenkins 2019; UK Time Zone History). Considering 
this, some theoretical models suggest that maintaining 
either DST or standard time year-round is preferable to 
transitioning, even though it is difficult to imagine how 
to conduct actual research on this to produce mean
ingful comparisons of the two options. Some informa
tion in this respect can be gauged by use of position 
within a time zone as a surrogate marker of the impact 
of time adjustment. These types of studies, which we did 
not include in our assessments, seem to indicate that 
there are more fatal accidents throughout the year when 
sunrises/sunsets occur later (Gentry et al. 2022).

Further research is necessary to explore the intri
cate relationship between DST and road safety, taking 
into account of variables such as geography (and thus 
photoperiod), weather, season and population charac
teristics. Studies from different regions have shown 
different outcomes, which suggests that local factors, 
such as latitude, habits, and traffic infrastructure may 
all play a role, making the effects of DST on road 
safety difficult to generalize.

The currently available evidence is of low-moderate 
quality and the results extremely variable. The Delphi 
panel agreed that no statement or recommendation 
could be formulated.

SSTs and Sleep Duration in High School Students

This review demonstrates that delaying SSTs, even for less 
than 60 min, was associated with an increase in sleep 
duration in high school students; the evidence was con
firmed in different contexts, considering SSTs at baseline, 
minutes of delay, timeframe of the change in SST, as well as 
total amount of hours spent at school, extra-school 
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activities, and home-school distance. Most studies consid
ered a set of secondary outcomes, mainly regarding ado
lescents’ mental health issues and academic performance, 
which were related to sleep duration in these studies, but 
that could also be consequences of diverse situations, e.g. 
the use of social media (van den Eijnden et al. 2021). 
A longer sleep duration has been linked to better sleep 
quality (Berry et al. 2021; Borlase et al. 2013; Meltzer et al.  
2021, 2022; Ming et al. 2011; Owens et al. 2017; Vedaa et al.  
2012; Winnebeck et al. 2020), mental health (Boergers et al.  
2014; Chan et al. 2017, 2018; De Araújo et al. 2022; Koscec 
Bjelajac et al. 2020; Lo et al. 2018; Neuroth et al. 2021; 
Owens et al. 2010; Peltz et al. 2017; Perkinson‐Gloor et al.  
2013; Wahistrom 2002), and academic performance 
(Alfonsi et al. 2020; Borisenkov et al. 2022; Dunster et al.  
2018; Fuller and Bastian 2022; Kim 2022; Rhie et al. 2018), 
thus underlining the crucial role of sleep hygiene during 
adolescence (Berry et al. 2021; Kansagra 2020); this is in 
line with similar data found in university students 
(Albqoor and Shaheen 2021; Yeo et al. 2023), teachers 
(Wahlstrom et al. 2023), and the general population 
(Chaput et al. 2020). In conclusion, there is evidence to 
indicate a benefit of delaying SST in high school, even for 
delays of less than 60 min, and there is a need to raise 
awareness on the concept of “making time for sleep” for 
students, especially during school days.

The currently available evidence is of low-moderate 
quality, but the results are homogeneous. The Delphi 
panel formulated the following statement: delayed SSTs, 
as short as 20 minutes, are associated with longer sleep 
duration in high school students.

Conclusions

With respect to both subjects and both statements, it is 
obvious that the lack of randomized controlled trials 
(RCTs), which represent the best type of evidence in 
medical terms, is, to an extent and especially in relation 
to DST, a feasibility issue. The lack of RCTs does not 
impinge on either the need for formal evaluation of the 
available evidence, or the usefulness of its actual rating.

Feedback from the workshop participants emphasised 
the usefulness of discussions based on diverse compe
tence and the involvement of experts with different back
grounds to include, for example, transportation 
engineering and economics. The literature on DST and 
road safety is ambiguous, as already mentioned above. 
Discussions on the impact of delayed SSTs on sleep 
duration among adolescents were easier and generated 
a more widely agreed-upon statement. However, factors 
affecting implementation on any deriving policy (for 
example a delay in SST) were highlighted, to include 
parental influence, logistics etc.

Also in relation to implementation, the importance 
of effective communication as a means to facilitate 
knowledge exchange, rather than simply disseminating 
evidence, was underscored. Further, it was highlighted 
that transparency regarding the limitations in knowl
edge/evidence and attempts at identifying “winners and 
losers” of any policy change will also be crucial. Aligning 
scientific evidence with the objectives of policy-making 
and considering alliances involving different stake
holders will also help driving change.

Finally, informed and possibly compelling risk/ben
efit and economic arguments will be essential to help 
transform scientific findings into effective public health 
initiatives or changes in policy on a wider scale. In 
summary, participants felt that the application of meth
ods for evidence assessment borrowed from clinical 
medicine seems useful to ease collaborations and to 
identify well-defined and pragmatic research questions 
within the context of translational Chronobiology.
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