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ABSTRACT

ARTICLE HISTORY

Transitions into and out of Daylight Saving Time (DST) can provide insights into how a minor
change to a regular sleep–wake cycle can inadvertently affect health. We examined the relationship between DST and missed medical appointments. Using a large dataset, the proportion of
missed appointments were examined prior and post spring and autumn clock changes. As
predicted, the number of missed medical appointments significantly increased following the
spring (forward) clock change and the week of the clock change. This trend was reversed
following the transition out of DST. The implications of scheduling appointments around DST to
increase attendance are discussed.
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More than 1.5 billion men and women are exposed to
the transitions involved as the clocks go forward 1
hour in the spring and backward 1 hour in the
autumn (Janszky and Ljung 2008). Known as
Daylight Saving Time (DST), these changes can disrupt chronobiologic rhythms and influence the duration and quality of sleep, with the effect lasting several
days after the shifts (Kantermann et al. 2007; Lahti
et al, 2006). The transition into DST in spring can
disrupt chronobiologic rhythms and this has numerous adverse biological effects including the predominance of sympathetic activity and an increase in proinflammatory cytokine levels (Meier-Ewert et al. 2004;
Spiegel et al. 1999). Conversely, the transition out of
DST in autumn has been shown to result in an
improved sleep quality (Tonetti et al. 2013).
A wealth of research has examined the impact
of the transitions into and out of DST on human
behaviour and health, including road traffic accidents (Coren 1996), workplace injuries (Barnes &
Wagner, 2009), and impairments in mood and
cognition (Monk and Aplin 1980); all of which
have been attributed to changes in sleep duration/quality and circadian misalignment. For
example, Janszky and Ljung (2008) examined the
influence of the forward and backward time transitions on the incidence of acute myocardial
infarction. They compared the incidence of acute
myocardial infarction during each of the first
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seven days after the spring or autumn transition
and the mean of the incidences on the corresponding weekdays two weeks before and two weeks
after the day of the time change. Janszky and
Ljung found that the incidence of myocardial
infarction was significantly higher for the first
three weekdays after the transition to DST in the
spring. In contrast, after the transition out of DST
in the autumn, only the first weekday was affected
significantly. This pattern was more pronounced
in those under the age of 65 than for those
65 years or older. Similar results were also found
in more recent studies (Kirchberger et al. 2015;
Janszky et al. 2012; Jiddou et al. 2013; but see
Sipila et al. 2016).
In terms of examining the effects that transitions into and out of DST can also have on memory and cognition, Barnes and Wagner (2009)
conducted a study examining the impact of DST
on workplace injuries. They examined a large dataset spanning more than 20 years of miner data and
found that there were more injuries following the
change to DST, resulting in nearly 70% more days
in work being lost due to these injuries. The effects
of the transition into DST have also been found to
impact stock market volatility (Berument and
Dogan 2011; Kamstra et al. 2000; but see Pinegar
2002) as sleep deprivation may increase risky
behaviour and impact human performance and
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decision-making. For a comprehensive review of
DST and its impact on health, memory and cognition, see Harrison (2013).
In general, previous research has focused on health,
memory and cognition in isolation. The current study
merged these two strands of research by utilising
hospital admission data to explore how transitions
into and out of DST may impact missed appointments within secondary care. Therefore, the proposed
analysis adds to the larger body of evidence that DST
effects are tangible and have a measurable impact on
individuals and society. Given the negative effects
associated with reduced sleep as a result of the spring
transition into DST, it was hypothesised that nonattendance would increase in the weeks following
the springtime change and that this effect would be
reversed following the transition out of DST in
autumn. Therefore, the goal of the current study is
to examine the impact of DST on medical appointment attendance patterns within a large dataset.
Method
Sample

Information Services Division Scotland provided a
complete record of outpatient hospital appointments
for the whole of Scotland, from 1 January 2005 to 31
December 2010. The records consisted of 7,531,597
scheduled appointments in total. It should be noted
that there were 3,891 instances where patient data
was unavailable due to issues of anonymity (i.e. four
or less patients scheduled for an appointment). To
our knowledge, this is the largest corpus of data for
which missed appointment rates have been analysed.
Weekend appointments were infrequent (approximately 2% of cases) and were excluded from the
analysis. Due to data constraints, only patients over
the age of 20 were included in analyses.
Analysis

To test for DST trends in non-attendance, we
categorised 2,015,078 scheduled appointments
based on the week of the clock change, the preceding three weeks of the clock change, and the
following three weeks after the clock change (for
both transitions into and out of DST). Did Not

Attend (DNA) rates (i.e. the percentage of
appointments that were missed) were calculated
separately for each week. Null hypothesis significance testing (NHST) with a significance level of
p < .05 was applied as it is the conventional tool
among quantitative researchers. However, practical significance, rather than statistical significance,
was of primary concern for this program of
research. Thus, the size of the effects are emphasised during the presentation and interpretation of
results.

Results
During the spring (forward) clock change, an increase
in DNA rate was observed when comparing the week
before (9.57%) and immediately after (10.01%) the
clock change [χ2 (1, N = 249,729) = 14.87, p < 0.001]
(see Figure 1). This trend was significant for both men
[χ2 (1, N = 109,928) = 12.64, p < 0.001] and women
[χ2 (1, N = 166,891) = 4.02, p = 0.045] (see Table 1). No
reliable change was observed between the week of
change and week following, however, (10.26%)
[χ2 (1, N = 226,606) = 2.89, p = 0.089].
During the autumn (backward) clock change, a
reliable decrease in DNA rate was observed before
(10.18%) and during (9.79%) the clock change
[χ2 (1, N = 306,388) = 12,44, p < 0.001] (see
Figure 1). This trend was significant for men
[χ2 (1, N = 121,601) = 9.69, p = 0.002] but not
for women [χ2 (1, N = 184,787) = 3,71, p = 0.05]
(see Table 1). A reliable change was also observed
between the week of change and one week following (10.01%) [χ2 (1, N = 311,925) = 5.22,
p = 0.039], showing an increase in missed
appointments.
Finally, it is possible to consider both forward
and backward effects in terms of relative risk
(Altman 1991). Comparing the week immediately
following the transition into DST in the spring
with the previous week, it was observed that
patients were 4.6% more likely to miss an appointment in the week of the change. Conversely,
patients were 9.6% more likely to attend in the
week following the transition out of DST in the
autumn compared to the week prior to the clock
change.
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Figure 1. DNA rates by week. Faded lines represent data for each year, solid line is the mean. A: Illustrates an increase in missed
appointments following the spring change (forward). B: Illustrates a decrease in missed appointments following the autumn change
(backward).
Table 1. Demographic information showing similar proportions of appointments allocated based on patient age and gender.
Sex
Male
Female
Total

Forward clock change
20–64
65+
264,168 (38.6%)
117,163 (42.4%)
420,364 (61.4%)
158,878 (57.6%)
684,532 (100%)
276,041 (100%)

Discussion
The goal of the current study was to determine
whether there was a reliable change in DNA
rates during both the spring and autumn DST
changes. In a large dataset, modest but consistent alterations in the number of missed
appointments were observed. Specifically, an
increase in DNA rates was observed for the
spring (forward) clock change and a decrease
in DNA rates was observed for the autumn
(backward) clock change. A significant effect
was observed for both male and female patients
(with the exception of female patients for the
transition out of DST). Although the study and
did not address the causes of the DST effect
directly, the observed changes in DNA rates
suggests that changes in sleep patterns may
have an impact on missed appointments. A similar trend has also been observed when measuring punctuality, with patients arriving earlier for
appointments following transitions out of DST
(Valax et al. 2016).

Backward clock change
20–64
65+
286,918 (38.5%)
130,861 (42.3%)
458,016 (61.5%)
178,710 (57.7%)
744,934 (100%)
309,571 (100%)

The increase in missed appointments observed
following the spring (forward) clock change suggest that the potential disruption of chronobiologic rhythms during the transition into DST (e.g.
losing an hour of sleep, decreased sleep quality)
may translate into patients missing more scheduled appointments and the effect may carry over
into the following week (Kantermann et al. 2007;
Lahti et al., 2006). The results also showed that the
effect persists beyond the week of change, suggesting that the increase in non-attendance may take
longer to settle following a forward clock change.
The results of the current study also support previous work by Wagner et al. (2012) who investigated the negative effects of DST in the workplace;
specifically on so-called cyberloafing, the time people spend using work hours to check personal
emails and browse websites unrelated to work.
Using Google search data, the authors were able
to demonstrate that shifting into DST resulted in a
large increase in cyberloafing. They also carried
out an additional experiment, which illustrated a
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clear relationship between poor quality of sleep
and increased levels of cyberloafing. Conversely,
the decrease in missed appointments observed
after the clock change in autumn suggests that
the potential benefits of the transitions out of
DST (e.g. extra sleep, improved sleep quality)
may translate into improved attendance for scheduled hospital appointments. Such data are consistent with published literature indicating that
cognition and health are improved following the
autumn clock change (Coren 1996; Janszky and
Ljung 2008). It is worth noting however, that the
benefits of increased attendance in the autumn
appear to be quite short lived as non-attendance
appears to increase quickly in the week following a
transition.
It has been postulated that people in Western
societies are chronically sleep deprived (Spiegel
et al. 1999) and it is therefore assumed that
changes to sleep quality and/or quantity may
underpin the mechanism which changes behaviour
during transitions into and out of DST. However,
there is comparatively little evidence to suggest
that sleep hours are gained following the autumn
clock change for example (Harrison 2013). One
alternative explanation might suggest that, rather
than changes to sleeping patterns, the circadian
rhythm simply adjusts after the clocks turn back,
which may cause people to be early for appointments following the backward clock change and
late for appointments when the clocks move forward. However, this is an empirical question that
would require additional research.
There are at least two potential limitations
associated with the current study. First, the
data do not allow us to confirm the exact
mechanism of action in terms of what causes
the observed effects. That is, people miss
appointments for a variety of reasons.
However, the effects observed build on the convergence of evidence with effects found in other
DST studies examining human behaviour.
Second, due to the constraints of the dataset,
we are unable to determine exactly what health
issues that patients presented at each appointment. It may be the case that patients are missing appointments in relation to health issues
such as age related memory deficits. However,
older patients are more likely to attend

appointments overall (e.g. Ellis and Jenkins
2012). This potential limitation appears to be
mitigated by the large dataset.
Overall, the current findings represent a large
practical significance in terms of the impact on
health services. Missed appointments represent
a significant financial issue for healthcare systems and have an adverse impact on patient
care (Williamson et al. 2017). Specifically,
small changes in non-attendance for medical
appointments could have large implications
across the health service. For example, an absolute reduction in DNA rate of just 1.2% could
save £60 million per year (Ellis and Jenkins
2012). Further, improving attendance rates of
medical appointments would also reduce health
risk to patients as their conditions are treated
promptly reducing health complications of
untreated
conditions
(Gucciardi
2008;
Murdock et al. 2002; Weinger et al. 2005).
One possible solution to the observed negative
impact on appointment attendance can be
observed in previous research which showed that
attendance rates could be improved by making
some minor modifications to appointment scheduling (Ellis and Jenkins 2012). In terms of future
research, it would be of interest to examine possible interventions for ameliorating missed appointments, especially during transitions into DST. For
example, a simple intervention to reduce nonattendance might involve sending a few additional
reminders to patients as spring approaches.
Similarly, scheduling more appointments during
the week prior to leaving DST would capitalise
on higher attendance levels. Therefore, reductions
in DNA rates achieved through reminder schemes
and through scheduling improvements may be
additive, if these very different approaches target
separable causes of non-attendance (e.g. forgetting
and motivation, respectively). Exploiting these and
other patterns within scheduling could help save
money and improve patient care.
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