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for weekly average fatal MVAs is 
close to 5%, one third of the RSD 
of observations, a slight impact. 
However, the results show that the 
Energy Policy Act more than doubled 
morning incidence rate ratio up to 
13% due to a marked change in the 
illumination conditions. Based on the 
fi rst observation, the authors call for 
discontinuing DST policies, despite 
its impact being slight. Instead the 
outstanding analysis provided by 
Fritz et al. calls for discontinuing the 
provisions of the Energy Policy Act 
relative to transition dates.
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We thank Dr. Martín-Olalla for 
his careful reading of our recent 
manuscript [1], and his thoughtful 
comments. In his commentary, Dr. 
Martín-Olalla draws attention to the 
fact that fatal accident risk estimates 
in the week after the spring Daylight 
Saving Time (DST) transition are 
higher after 2007 than in the period 
between 1996 to 2006. He notes 
that this fi nding is mainly driven by 
different magnitudes in fatal traffi c 
accident risk in the fi rst half of the 
day (before 12pm) before 2006 vs. 
after 2007, while the observed risk 
increase after 12pm is of comparable 
size across the two time periods. 
He hypothesizes that the 2007 
introduction of the Energy Policy Act 
(which extended the duration of DST 
and moved the beginning of spring 
DST from April to March) might be 
responsible for this observation. 
Explaining this hypothesis further, Dr. 
Martín-Olalla elaborates that i) DST 
changes clock time so that a different 
solar altitude is observed at identical 
clock times under DST vs. Standard 
Time (ST); and ii) the Energy Policy 
Act changed the timing of DST within 
the year, which thus changed the 
solar altitude during the transition, as 
one would expect given the seasonal 
modulation of day length. He further 
argues that our analysis does not 
support a call for discontinuing DST, 
but instead provides arguments for 
discontinuing the provisions of the 
Energy Policy Act relative to transition 
dates.

The impetus for our work was that 
prior study fi ndings [2] examining the 
link between DST and traffi c accidents 
i) were mixed (in methodology, results, 
and conclusions), ii) were often 
performed years ago on data which 
are no longer translatable to current 
conditions, iii) were limited by small 
sample sizes, and iv) fi nally often did 
not discuss results in the context of 
chronobiological research.
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Our main goal was therefore to 
re-appraise the acute effects of 
spring DST transition on fatal traffi c 
accident risk based on both extensive 
and contemporary US data, evaluate 
if the well-established strain on 
the human circadian system and 
potential sleep loss caused by the 
spring DST transition [3,4] translates 
into a noticeable increase in traffi c 
accidents, and, if present, estimate 
the public health impact of the yearly 
transition. Considering that the DST 
transition has already been shown to 
be associated with various adverse 
mental and physical health outcomes 
[5], such a hypothesis is plausible. 
DST-induced changes in illumination 
levels add another pathway via which 
an effect of DST on traffi c accident 
risk might be mediated, as we have 
discussed in our manuscript and 
displayed in our graphical causal 
framework representation (Directed 
Acyclic Graph, Figure 1B, [1]).

We chose to estimate the total 
effect of DST on traffi c accident risk in 
the two weeks after the time change, 
controlling for factors such as year, 
season, and weekday. We leveraged 
the policy change introduced by the 
Energy Policy Act in 2007 to probe 
the hypothesis that it is indeed the 
DST transition which causes the 
observed risk increase, by testing 
whether the spike in fatal traffi c 
accident risk observed in the week 
after the fi rst Sunday of April before 
2006 disappeared after 2007 and 
was observable in the week after 
the second Sunday of March after 
2007. In analyses stratifi ed by time 
of day and by also examining the 
fall transition back to ST, we aimed 
to elucidate the potential impact 
of illumination changes on traffi c 
accident risk. Finally, we assessed 
geographical disparities in terms of 
position within time zones.

It is true that our main results and 
conclusions (6% increased fatal 
traffic accident risk in the week 
after DST transition, translating to 
an additional 28 preventable fatal 
traffic accidents per year in the US) 
are based on the whole day analysis 
over the whole observation period. 
However, from a public health 
perspective, this is the research 
question we ultimately aimed to 
address — does DST, overall and 
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acutely, increase the risk of fatal 
traffic accidents or not? Whether 
there are trends over time (both 
overall, and time-of-day dependent), 
provides further useful insights into 
the potential underlying mechanisms 
leading to our observations. We agree 
that assessing the presence of such 
trends is important, and therefore 
performed and presented the results 
of all these secondary and subgroup 
analyses in our report. However, 
we consider them secondary to the 
overall effect, which was the primary 
question of our analyses.

We agree with Dr. Martín-Olalla’s 
arguments that the effects of 
changing photoperiod relative to 
clock time, and thus illumination 
levels, might be more pronounced 
in March than in April. The point 
estimates of the incidence rate ratios 
(IRR) we report for both the whole 
day and the hours before 12pm in 
the week after spring DST transition 
were indeed smaller before 2006 
(whole day IRR = 1.05, before 12pm 
IRR = 1.06; Figure 2, [1]) than after 
2007 (whole day IRR = 1.08, before 
12pm IRR = 1.13), while they are 
identical for the hours after 12pm 
(IRR = 1.05). In our original analysis, 
we performed a formal test of effect 
modifi cation only for the whole day 
analysis (resulting in a non-signifi cant 
p-value of pinteraction = 0.482). Following 
the suggestion of Dr. Martín-Olalla, 
we now additionally tested for effect 
modifi cation of the time-of-day 
effects we reported by time period 
(before 2006 and after 2007), and 
found, as expected, signifi cant effect 
modifi cation for before 12pm (pinteraction 

= 0.022), but not for after 12pm 
(pinteraction = 0.797). While an interesting 
addition to our extensive analyses, 
we would like to highlight that the 
fatal traffi c accident risk associated 
with the spring DST transition prior to 
2006 was still signifi cantly increased 
compared to a week without DST 
transition (IRR = 1.05, 95% CI: 1.01 
to 1.09, p = 0.006), both before 
and after 12pm. Considering that 
this IRR translates to about 25 fatal 
traffi c accidents attributable to the 
DST transition per year in the US 
before 2006, we disagree with Dr. 
Martín-Olalla’s interpretation of the 
acute impact of DST transition on 
fatal traffi c accident risk being only 
slight when DST transition occurred 
later in April (as was the case for 
the period before 2006). Instead, we 
would rather conclude that an earlier 
timing of the DST transition might 
compound the acute effects of DST 
transition on fatal traffi c accident risk. 
Our fi ndings show that the detrimental
acute effects of the DST transition 
were already present before the 
implementation of the Energy Policy 
Act in 2007.

 It is important to highlight that 
our study design was focused on 
examining the association of DST 
with fatal traffi c accident risk, rather 
than the effects of the Energy Policy 
Act. Our main goal shaped the choice 
and presentation of our analyses. Dr. 
Martín-Olalla chooses another focus, 
which we appreciate, but which was 
not at the heart of our examination.

Taking into account the whole body
of evidence of the general negative 
effects of time changes and the loss 
of one hour on human circadian 
rhythms [3,4], with associated 
downstream consequences on 
mental performance and health in 
the days following the DST transition 
(e.g., worse SAT performances 
[6]; reduced vigilance [7]; more 
workplace accidents [8]; higher 
rates of myocardial infarction [9]), 
our conclusion that abolishing time 
changes altogether remains justified. 
We agree that a later onset of DST 
might attenuate the effects of the 
DST transition on fatal traffic accident
risk. Prior to the Energy Policy Act, 
the April DST transition occurred at 
a time within the year where days 
were longer, so that shifting clock 
time resulted in less darkness in 
the morning as compared to the 
March transition (i.e., reducing the 
illumination effect). However, the 
DST-induced adverse effects on 
circadian misalignment and sleep 
loss, which also contribute to the 
acute effects of DST on fatal traffic 
accident risk, remain unchanged. 
Although our data support the 
conclusion that we should stop 
switching between ST and DST, it 
does not contribute to the question 
regarding if DST or ST is to be 
preferred. However, generally 
speaking, there is evidence that it 
would be better for sleep, the body 
clock, and overall health to have 
Current
more morning light and less evening 
light. These arguments support 
permanent ST [5].
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