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Abstract 
INTRODUCTION: Personal well-being, including people’s sleep characteristics, is affected by a 

variety of factors, one example of which is wide-ranging high-impact public events. In this study, we 

use a large sleep database obtained through a smartphone application for sleep tracking via 

anonymized time-sampled data to study the effect of two political events with a wide-ranging impact 

on people’s sleep characteristics: the Brexit referendum in June 2016, and the presidential election of 

Donald Trump in November 2016. 

METHODS: Using Sleep as Android - an actigraphy-based sleep monitoring smartphone application 

- we collected 10.5 million geo-located sleep records from more than 69 000 users in Europe and 

North America. Population-based changes in sleep around each of these two events, in the United 

Kingdom and in the United States of America, were assessed using a non-parametric bootstrap test. 

RESULTS: The analysis revealed a significant reduction by 16 minutes and 21 seconds in the mean 

sleep duration of British people in the night after the Brexit poll (p<0.001). Similarly, the analysis of 

the US presidential election revealed a significant 12 minutes 49 seconds drop in the mean sleep 

duration during the night following the event, in comparison with the whole studied region (p<0.001), 

and an increase by 5 minutes and 9 seconds in the subsequent night (p=0.0328). Additional analysis 

comparing the election night to comparable days in preceding years revealed that the actual reduction 

in sleep length may have been even greater. There is also an increase in the proportion of subjects 

with very short sleep. 

CONCLUSION: The results demonstrate a significant impact of two specific major political events 

on population sleep characteristics. Our results further underline the potential of mobile applications 

and informatics approaches in general to provide data that enable us to investigate fundamental 

physiological variables over time and location. 
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Introduction 
The connection between the living environment and human well-being is the focus of scientific 

research in many different fields, including medicine, epidemiology and sociology. It has recently 

been recognized that collective events have a substantial influence on individual well-being by 

mediating “public moods” (Cummins, 2012, Møller, 2012, Schwarz et al., 1987). A public mood 

(Schwarz et al., 1987) is defined as a “diffuse affective state, having distinct positive and negative 

components that citizens experience because of their membership in a particular political community” 

(Rahn et al., 1996).  

The phenomena investigated here represent a type of affective response based primarily on 

group attachment. Since group identity “extends the self” beyond the level of the individual, events 

that are group-relevant but not necessarily self-relevant can instigate a subjective mood response 

(Rahn and Hirshorn, 1999). Various aspects of public mood have been studied with reference to the 

effects of economic recessions and government policy (Lansdall-Welfare et al., 2012), events in the 

social, political, cultural sphere (Bollen et al., 2011a) and stock market changes (Bollen et al., 2011b). 

Public mood may be related to various aspects of the well-being and mental health of a population or 

of individuals. For example, it is possible to assess these phenomena by tracking data connected with 

emotional reactions or coping with a specific unusual event (Woo et al., 2015). On an individual 

basis, however, mood is predominantly associated with sleep (Totterdell et al., 1994, Kramer et al., 

1976, Boivin et al., 1997), which was not thoroughly analysed in those studies, despite the fact that 

this variable represents an essential neurophysiological state and is an integral aspect of overall health 

(Van Cauter et al., 2007). 

From this perspective, ascertaining the link between events affecting whole populations and 

sleep gains particular importance. This is further underlined by the fact that recent large cross-

sectional and longitudinal epidemiologic studies have identified inadequate sleep duration or reduced 

quality of sleep as a risk factor for major health-related issues: obesity, diabetes (Cappuccio et al., 

2008, Anothaisintawee et al., 2016) and hypertension (Bansil et al., 2011). The excessive incidence 

of these diseases is now widely recognized as a global epidemic, and ranks among the leading causes 

of death in developed countries (O'Neill and O'Driscoll, 2015, Mokdad et al., 2001). The exogenous 

variables affecting sleep are, obviously, complex. They include natural and artificial light and 

smartphone use, food intake, environment, and changes in outside temperature (Brown et al., 2002, 

Karacan et al., 1978, Schibler and Sassone-Corsi, 2002, Stevens and Zhu, 2015, Exelmans and Van 

den Bulck, 2016). In addition, social factors such as shift work, workplace stress and family and peer 

relationships play a substantial role in sleep and sleep quality (Ailshire and Burgard, 2012, Åkerstedt, 

2003, Burgard and Ailshire, 2009, Chang et al., 2017). 

On the other hand, public mood is also generally shaped by complex external forces 

represented by a blend of economic, social and political events. It might therefore be expected that 

stressful episodes, as inherent factors in human experience, are at least partially politically laden. For 

all these reasons, due to the increasing availability and use of media, the power of the mediosphere 

to multiply the impact of political events is even substantially enhanced in present-day societies 

(Strömbäck, 2008). Therefore, the main goal of our study was to investigate the potential effect of 

singular political events on a measurable population-level change in sleep representing a crucial 

physiological parameter. 

The basic method to investigate sleep is the polysomnography (PSG), which is considered a 

reference in sleep research. The PSG is well controlled but suffers from several limitations, e.g. small 

sample size, or long time frames and lack of generalizability. It is therefore very desirable to find 

novel means for investigating epidemiological factors associated with sleep issues that have greater 

external validity by including a larger sample, that are less costly, and are easy to implement and 

analyse, although not as accurate as the gold-standard PSG measurements (McIver et al., 2015). 

This approach would enable population-sized sleep-related studies to be made, which could 

provide insights into how a major physiological variable, such as sleep, may be influenced by external 

factors.  
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Large-scale data collection is required in order to further elucidate these issues. This need 

facilitated the development of extensive sleep databases based on standard PSG, such as ESADA 

(Hedner et al., 2011), the National Sleep Research Resource (Dean et al., 2016), PhysioNet 

(Goldberger et al., 2000) and dbGaP (Mailman et al., 2007). 

Recently, however, much progress in this area has stemmed from information technology 

solutions in health care, which are developing massively and are being adopted rapidly. Data based 

on health information technologies allow individual behaviour to be studied in real time in a way that 

is both fine-grained and massively global in scale, making it possible to obtain precise real-time 

measurements across large and diverse populations (Roess, 2017). 

New technologies, such as mobile applications (apps), provide an appealing and novel way to 

gather data directly from users. Mobile health (mHealth) apps used for the practice of public health 

supported by mobile devices are typically time-stamped and geo-located, thus allowing an analysis 

of various patterns of human behaviour bound to place and time. This approach also has logistic 

advantages, as the data are transferred automatically to a central server for analysis, and there is no 

interaction with users. It also provides greater ecological validity, because people use smartphones in 

everyday life, whereas carefully designed research is usually carried out in experimental laboratories 

(Montag et al., 2016).  

 This opens a new avenue towards data collection that might clarify the effect of events of 

mass interest on population health (Walch et al., 2016). Generally, albeit smartphone accelerometry 

is unable to detect sleep stages as PSG does (Bhat et al., 2015), validation studies have shown that 

smartphones can well recognize sleep vs. wake states (Bianchi, 2015, Fino and Mazzetti, 2018). These 

apps are therefore particularly suitable for population-based research on global factors influencing 

sleep (Kelly et al., 2012). 

In this paper, with the use of one of the largest research databases of overnight sleep records, 

obtained from Sleep as Android mobile app users, we introduce a new approach for a study of the 

impact of political and other social events with a broad response throughout the society (the Brexit 

poll in the UK on June 23rd, 2016, and the US presidential election on November 8th, 2016) on 

population-based sleep patterns (Hamilton et al., 2007). These particular events were chosen for the 

following main reasons: i) both were related to the region covered by the collected data (Europe and 

North America), ii) both were well localized in time (a single polling day), iii) both were relatively 

recent, and iv) both arguably achieved wide interest throughout the society due to their expected 

impact on future political and social affairs in the investigated region. 

Using these specific events as representative cases, we follow two investigative paths: first, 

the study was conceived to bring a proof of concept showing that easily-accessed large-scale data 

from mobile applications may offer substantial support to research on human behaviour, and, second, 

we intended to investigate whether major political events leave behind measurable population 

changes to a major physiological variable. 

      

Methods 

The Sleep as Android application 
Sleep as Android is a smart alarm clock application by Urbandroid, using signals from an 

accelerometer in a smartphone placed in the bed, or from an accelerometer in a smart watch to detect 

periods of lighter sleep, and to wake the user at a preferred time in the morning during a period of 

lighter sleep. The data recorded by the Sleep as Android application are stored in a cloud repository, 

and provide the times of the starts (both the lights-out time and the detected sleep onset) and the ends 

of users’ sleep. Additional recorded parameters include geographical location (GPS-based and device 

time zone), estimated and subjectively scored sleep quality (available only in a part of the sample), 

and compressed accelerometer signals. The data may be used not only for the primary purpose of the 

application, which is to allow the user to wake up more satisfactorily, but also to shed light on 
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scientific questions regarding population sleep patterns: e.g. changes in sleep parameters during long-

term periods related to global parameters (diurnal and annual changes), or in relationship to global 

events, as in the case of the analysis presented here. A typical use-case of the application, which 

results in measured sleep times, is presented in the Supporting information. 

Data acquisition and pre-processing 
The data describing sleep parameters were obtained from a subset of users of the Sleep as Android 

application, who agreed to share their data for scientific purposes. The data were collected between 

2010 and 2017. The analysis was performed in the R environment for statistical computing and 

graphics (R Core Team, 2017). 

Prior to the statistical evaluation, exploratory data analysis was used to eliminate outlier 

records that were most likely a result of incomplete or unterminated measurements, rather than true 

sleep periods, and also to identify possible patterns in the missing data and their consequences for the 

subsequent data analysis (Sidi and Harel, 2018). Records with sleep length less than 4 hours or more 

than 16 hours were discarded. For both analyses, we used sleep records from a 7-week period starting 

4 calendar weeks (i.e. Monday-Sunday) before the week including the event of interest, and ending 

2 calendar weeks after the week including the event of interest. This led to an observation period 

between May 23rd and July 10th, 2016 for the Brexit analysis, and the period between October 10th 

and November 27th, 2016 for the US presidential election analysis. Similarly, data from the same 

period from preceding years (2011 through 2015) were used for an analysis of seasonal patterns. 

Since most records originated in developed countries, and also due to their geo-political 

affinity, we decided to restrict the analysis geographically to include the European countries 

(including Russia), and the USA and Canada. To assign users to countries, we used the system time 

zone (stored in tz/Olson format, e.g. “Europe/Prague”), which was available for all records. Although 

the use of geographical coordinates from GPS is potentially more accurate, most users are not inclined 

to share their location with the Sleep as Android application. Furthermore, an additional comparison 

of time zone-based and GPS-based nationality (in subjects where both were available) showed a very 

good match.  

 

Statistical analysis 
In order to identify dates in each country on which there were significant changes in sleep length, 

coincident with the political event of interest, we designed a bootstrap test for the difference between 

observed and expected sleep length. The expected sleep length was given as the average value for a 

given day from all the available data across the whole selected geographical region. For each tested 

day, the national mean sleep length in the given country was compared with the bootstrap distribution, 

obtained as follows: in each iteration, the country labels were permuted randomly among all measured 

subjects, and the national mean sleep length was calculated using the resampled labels. The process 

was repeated 10,000 times, producing one sample of the bootstrap distribution of the average sleep 

length for each country per iteration. The statistical significance was then assessed by comparing the 

observed national mean with the sampling distribution, and the estimated p-value was further 

corrected by the Bonferroni correction to adjust for multiple comparisons. In order to retain sufficient 

statistical power, we chose a-priori to perform hypothesis testing of the departure of the national sleep 

length average from the expected value on four consecutive days, starting one day prior to the day of 

the event and ending two days after the event.  

Due to the observed systematic differences in sleep length patterns among countries (due to 

other country-specific events and other influences), which might obscure the studied short-term 

changes, we applied an alignment procedure to each national mean sleep length series. The whole 7-

week sequence for each state was shifted by an additive constant (i.e. a constant offset value in 

minutes was added to all values in the series) in order to minimize the mean absolute difference from 

the mean 7-week sequence computed from all available data. Although this procedure reduces the 

sensitivity of the analysis in events which affect all the analysed countries equally, it also suppresses 
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the bias due to national specifics in sleep length (Walch et al., 2016). More details on the alignment 

procedure, as well as an example, can be found in the Supporting information. 

Results 

Dataset description 
The whole original dataset contained in total 15,905,401 sleep records from 88,879 users, out of 

which 13,002,351 sleep records and 85,669 users satisfied the sleep length constraints, and 

subsequently 10,565,393 records and 69,182 users were found to be inside the geographical region 

of interest. Details about data available for individual analyses after applying the temporal bounds 

described in the Methods section can be found in Fig 1, in the form of a CONSORT diagram, and in 

the subsequent sections. Fig 2 shows the distribution of Sleep as Android users worldwide. 

 

Missing data 

During the initial exploratory analysis, we observed the following patterns in the missing data: i) 

adherence of the users to using the app over a longer period of time (most users use the application 

only few times and the distribution of the number of users is strongly skewed), ii) a substantial 

proportion of the users do not use the app on free days and on weekends (an 18.2% drop in comparison 

to the average number of users on a weekday in the UK, and a 15.3% drop in the USA). A small drop 

in the number of users is associated with the events; 8.9% in the case of the Brexit poll, and 6.1% in 

the case of the US presidential election. Although we cannot rule out possible association between 

missing observations (untracked nights) and changes in sleep length of individual users, including 

only users with continuous records would lead to dramatic reduction in the number of observations 

and possibly also to introduction of additional bias to the resulting dataset (including only a small 

proportion of users with very high adherence). Due to these reasons, we assessed each night as a 

cross-sectional sample and did not track sleep of individual users. For the same reason we also did 

not consider imputation/interpolation of individual user’s sleep records over time. 

The variables of interest for our analyses (sleep length, time zone, date, etc.) are always 

recorded by the application and therefore there are no missing values in the existing records. Even 

though the user can disable GPS tracking, the time zone can be obtained from the system information. 

Imputation of missing variable values was therefore unnecessary. 

As our data set is relatively large and the nonparametric bootstrap tests require very few 

assumptions in general, small changes in the data or in the assumptions would not be likely to have a 

considerable effect on the results. Additionally, the nonparametric bootstrap test that was used for the 

assessment of the statistical significance of the findings uses sampling with replacement from the 

data. This means that the simulated data sets (random samples with replacement) are in fact the same 

data, where some of the observations are missing and other observations may be represented more 

than once. With this bootstrap approach, our analysis inherently assesses a simulated effect of missing 

data. During the development of the bootstrap test we experimented with two more complicated 

sampling schemes (sampling observations with respect to time, as well as states). The analyses with 

the complicated sampling schemes yielded almost identical results and we therefore decided to use 

only the simpler approach of sampling the observations according to states.  
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Fig 1. Diagram, displaying the data available in each analysis. 

 

 
Fig 2. Distribution of Sleep as Android users worldwide, shown as the mean number of unique users daily over the 

two 7-week observation periods in each country. The countries which are not filled by any colour were outside the defined 

region of interest, or included no sleep record during the relevant time period. 

Results of the statistical analyses 

Brexit poll  

In the analysis of differences in sleep length in the UK at the time of the Brexit poll, the designated 

7-week observation period spanned from May 23rd, 2016 to July 10th, 2016, and the corresponding 

subset of data consisted of 464,423 sleep records. The observed differences in sleep length, and also 

the p-values estimated in the bootstrap test (N=10,000) and the p-values adjusted for multiple-

comparison, are provided in Table 1.A. The time course of the UK national average sleep length, in 

comparison with the bootstrap distribution and the mean sleep length in all observed countries, and 

also the map of the sleep length differences in all observed countries, can be found in Figs 3A and 

3B. 

The results indicate that on the night following the referendum day, the mean sleep length in 

the UK, as indicated by Sleep as Android users, was more than 16 minutes shorter than the average 

in the whole observed region. This finding was statistically significant, even after correction for 
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multiple comparisons. This was in contrast to the three other tested days, on which the UK mean 

sleep length did not depart from the figures for the remaining countries. This can be observed visually 

from the time courses in Fig 3A. 
 

Table 1: Results of the two sleep length bootstrap analyses, each using 10,000 resamples. The date refers to the day 

preceding the observed night (“evening date”). Negative values represent reduced sleep length, in comparison with the 

global average. Values significant at p<0.05, after correction for multiple comparison, are denoted by an asterisk. (A) The 

differences in sleep length in the UK on 4 consecutive days around the Brexit poll (June 23rd). In the night after the vote, 

the average sleep length in the UK was highly significantly shorter, but there was no shorter sleep length in any of the 

other tested nights. (B) The differences in sleep length in the USA in 4 consecutive days around the presidential election 

(November 8th). The sleep length dropped highly significantly in the night starting on the election day, and was, in 

addition, significantly increased during the second night after the event.           

 night preceding 

the event 
first night 

after the event 

second night 

after the event 

third night after 

the event 

A) BREXIT POLL     

    Date Wed 23.6. 2016 Thu 23.6. 2016 Fri 24.6.2016 Sat 25.6.2016 

    Diff. in sleep length [min:sec] -1:20 -16:21 0:00 0:26 

    Estimated p-value 0.5501 0.0001* 0.9896 0.8718 

    Adjusted p-value 1.0000 0.0008* 1.0000 1.0000 

B) TRUMP ELECTION     

    Date Mon 7.11.2016 Tue 8.11.2016 Wed 9.11.2016 Thu 10.11.2016 

    Diff. in sleep length [min:sec] 2:26 -12:49* 5:09* 2:08 

    Estimated p-value 0.0305 0.0001* 0.0041* 0.7214 

    Adjusted p-value 0.2440 0.0008* 0.0328* 1.0000 
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Fig 3. Results of the Brexit analysis. (A) Daily average sleep length in the United Kingdom (blue) and in all observed 

countries (red) over a three-week period around the Brexit poll (solid black vertical line). The red band indicates the 95% 

confidence interval of the mean of the sleep length on each night in all countries – note the drop of the blue line in the 

night following the Brexit poll day. The ‘whiskers’ on the red line on four consecutive days around the Brexit poll 

represent the statistically tested nights (compare with Table 1A), and show significantly shorter sleep in the night after 

the Brexit poll. (B) The difference between the national mean sleep length in each country and the reference value (the 

median from all of the available sleep recordings for the given day) in the night following the Brexit poll. The negative 

difference in sleep length in the UK may be attributed to the Brexit poll. Lack of filling for a country on the map indicates 

that fewer than 50 recordings were available for that state on the night following the Brexit poll (which differs from the 

presentation in Fig 2, where the mean number of users for the whole 7-week period is shown). We do not show the results 

for these states, because of the high variability in the estimates. 
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Fig 4. Results of the US election analysis. (A) Daily average sleep length in the United States (blue) and in all observed 

countries (red) over a three-week period around the presidential election day (solid black vertical line). The red band 

indicates the 95% confidence interval of the mean sleep length on each night in all countries. The ‘whiskers’ on the red 

line on four consecutive days around the event represent the statistically tested nights (compare with Table 1B) – the 

Americans are shown to have had significantly shorter sleep in the night following the election, and significantly longer 

sleep in the subsequent night. The night from Saturday to Sunday Nov. 6th preceding the election week shows longer sleep 

in the US, due to the end of Daylight Saving Time – see the Fig 5B for more details. (B) The difference between the 

national mean sleep length in each country and the reference value (the median of all of the available sleep recordings for 

the given day) in the night following the election day. The negative difference in sleep length in the USA in the night 

after the election event may be attributed to the presidential election. Lack of filling for a country on the map indicates 

that fewer than 50 recordings were available for that state on the night following the election day (which differs from the 

presentation in Fig 2, where the mean number of users for the whole 7-week period is shown). We do not show the results 

for these states, because of the high variability in the estimates. 

 

US presidential election 
The analysis of the influence of the US presidential election, the 7-week period spanning from 

October 10th, 2016 to November 27th, 2016, led to a data subset with 452,663 sleep records. The 

results of the bootstrap test (N=10,000) are presented in Table 1B, and the time courses of the US 

average national sleep length and the global sleep length average are shown in Fig 4A. Panel B 

presents a map showing the difference from the global mean sleep length in all observed countries. 

The results indicate a statistically significant almost 13 min drop in sleep length in the US 

(p<0.001), in comparison with the whole observed region in the night after the event. As can be seen 

from Fig 4A, there was a decrease in mean sleep length across the whole observed region, which 

suggests that the actual drop in sleep length, in comparison with “a normal day”, unaffected by the 

election, would be much higher. This is likely to be due to the large proportion of users of the 

application who are located in the US (31.4%). This has a heavy impact on the global mean (compare 
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with the Brexit analysis in Fig 3A. In the Brexit poll analysis, only 7.9% of all users of the application 

were from the UK). In contrast to the Brexit referendum analysis, in the US there was also a 

statistically-significant 5-minute increase in sleep length on the day after the event. This suggests that 

the US users compensated for their shorter sleep in the previous night. As the US election day 

(Tuesday, November 8th, 2016) followed the change from daylight saving time during the night 

starting on Saturday November 5th, we performed an additional exploratory analysis using data from 

years 2012-2015, which showed that the time change did not have an effect on our result. 

Unlike the UK, the mainland of the United States (excluding Alaska and Hawaii, where not 

enough data were available) spreads across four time zones (EST=UTC-5 to PST=UTC-8). This 

implies that people in various states followed the preliminary results at different times in the day. The 

first estimates in the first states were published at around 9pm EST, while Trump was proclaimed 

winner of the election at around 2:30 am EST. We therefore performed a post-hoc test, by running 

separate bootstrap analyses on US regions according to their time zones. The analysis revealed no 

systematic differences between the various time zones. We therefore conclude that the result of the 

Trump analysis was not heterogeneous, and was not driven by differences in region of the US. 

 

Comparison to preceding years 
The results of statistical analyses, presented above, compare the national mean sleep length value in 

the tested country to the mean for the whole observed region. In the case of events with international 

reach, the whole region may be affected and the resulting difference may thus be overly conservative. 

In order to illustrate the possible true extent of the effect for both analyses, we examined the time 

courses of mean sleep length around each index event in the given country compared to the same 

calendar week(s) in the three preceding years - see Fig 5. A comparison between the median sleep 

length following the index day and a comparable date in the previous year showed that the median 

sleep length in the UK dropped by 18 minutes, from 7:02 (2015) to 6:44 (2016), while in the USA 

the drop in median sleep length was 38 minutes, from 7:07 to 6:29.  

Additional post-hoc analysis of the distribution of sleep length among app users on the index 

day compared the sleep length distribution on comparable dates in previous years, and revealed a 

higher proportion of shorter sleeps. In the case of the Brexit poll, the proportion of sleeps between 4 

and 6 hours in length increased from 20.6% in 2015 to 26.6% in 2016 (similarly, the proportion of 

sleeps between 8 and 10 hours in length decreased from 19.6% in 2015 to 14.5% in 2016). In the case 

of the US presidential election, the proportion of sleeps between 4 and 6 hours in length increased 

from 19.2% in 2015 to 36.9% in 2016 (the proportion of sleeps between 8 and 10 hours in length 

decreased from 21.3% in 2015 to 11.4% in 2016). The comparison dates were selected as the same 

weekday of the same calendar week in the preceding year (Thursday of the 25th calendar week for 

the Brexit poll, and Tuesday of the 45th week for the US presidential election). 
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Figure 5: (A) The average sleep lengths in the UK in the three weeks in June in 2013 – 2016 corresponding to the 

Brexit poll period in 2016 (calendar weeks 24-26). The Brexit poll day on June 23rd, 2016 is marked by a filled red point. 

(B) The average sleep lengths in the USA in the three weeks in October and November in 2013 – 2016 corresponding 

to the presidential election period in 2016 (calendar weeks 44-46). The US presidential election day on November 8th, 

2016 is marked by a filled red point. The vertical black line denotes the night in which daylight saving time ended in each 

year. It may be noted that the average sleep length in this night is about 0.5h longer than in comparable nights in the 

subsequent weekends. 
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Figure 6: (A) The distribution of sleeps according to their length in years 2013 to 2016 in the UK on the Brexit poll 

day and the comparable days in previous years. (B) The distribution of sleeps according to their length in years 2013 

to 2016 in the USA on the presidential election day and the comparable days in previous years. The distributions in both 

(A) and (B) show i) the change (decrease) in the median of sleep length indicated by the dashed line with the ‘x’ marker 

and ii) the increase in the proportion of shorter sleeps. The median sleep lengths are 7:00, 7:14, 7:02 and 6:44 for the 

years 2013-2016 in the UK and 7:06, 7:08, 7:07 and 6:29 for the years 2013:2016 in the USA. 

Discussion 
In this paper we investigate the notion that widely distributed mobile apps may be used as a global-

scale data collection infrastructure, capable of providing a unique insight into population aspects of 

sleep as a crucial human physiological function.  

Using this platform, we have been able to track the specific influence of two wide-impact 

political events on population-level sleep patterns that were, we suggest, related to the changes in 

public mood known to accompany collective events (Cummins, 2012, Møller, 2012, Schwarz et al., 

1987). The statistical analyses presented here have shown significantly decreased sleep length in the 

state that was most directly influenced by a specific major political event: the mean sleep length in 

the UK dropped significantly by 16:21 minutes during the night following the Brexit poll (p<0.001), 

while the US sample exhibited a significant decrease in sleep length by 12:49 minutes compared with 

the rest of the countries in our study (p<0.001) during the 2016 US presidential election.  

Unlike the Brexit analysis, where there was no significant deviation on the other days before 

and after the event, in the case of the US election there was a significant increase in sleep length by 

5:09 minutes (p=0.033) in the second night after the polling day. This may indicate either 

compensation for the lack of sleep during the previous night, or the prevailing effect of the change 

from daylight saving during the weekend preceding the week of the election event (see Fig 5).  
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However, since the drop in sleep length on the day of event was in both cases significant 

(unlike the other days in our test), we may attribute the difference exclusively to the studied political 

events. 

Nevertheless, due to the variety of environmental, social and other influences that affect sleep 

length, it is necessary to discuss and possibly rule out other factors that may have contributed to the 

results presented here. In the case of the Brexit poll, one of the main social influences in Europe 

around the date of the Brexit poll was arguably the UEFA EURO 2016 soccer championship. No 

matches were played on the index dates of June 23rd and 24th, though multiple football matches in the 

tournament took place daily between June 10th and June 22nd, and many more games were played 

between July 25th and the final on July 10th. There is also a traditional mid-summer day feast (St 

John’s Eve) in some north-European countries (associated with national public holidays in Finland, 

Estonia, Lithuania, Latvia and Sweden). This feast is predominantly celebrated in the evening of June 

23rd. As only a small proportion (less than 5%) of all users involved in the analysis were recruited 

from these countries, and no trend towards lower sleep length was observed in these countries, we 

may assume that this influence can be neglected. In the case of the American presidential election, 

the most significant social events around the election day were connected with the election itself. A 

detailed inspection of news archives did not reveal any other potentially high-impact events within 

the analysed date range. 

As the results of both analyses, represented in the maps in Figs 3B and 4B, show high 

deviations in Spain and Portugal, we investigated the temporal trends in these countries in detail and 

found no evidence of confounders or systematic error. In the case of the Brexit poll, users in Spain 

and Portugal showed a marked drop in average sleep length similar in temporal pattern to that 

observed in the UK: we attribute this concordant effect to the very high number of British expats and 

tourists in these countries (Instituto Nacional de Estadística, 2016, Insituto Nacional de Estatística, 

2017, EUROSTAT., 2015). In the case of the US election, we can see no deviation from the standard 

time course in Spain and Portugal, probably due to low interest in this event in these countries. It 

should be noted that the +20 min observed in Fig 4B is calculated as a difference from the global 

mean from all observed countries, and is therefore relative in this respect. 

Despite the statistical significance of the findings, the size of the effect – i.e. the reduction in 

national average sleep length, compared to the whole observed region – may be seen as relatively 

small with low clinical relevance. Considering the additional descriptive analyses, comparing the day 

of the events to comparable days in preceding years within the same country, two observations 

emerge: i) the size of the effect on sleep length within the country is likely to be greater than the 

measured value, and ii) the ratio of short and very short sleeps increased by one fifth in the case of 

Brexit, and almost doubled in the case of the US presidential election. These results confirmed that 

even a single political event may elicit short-term, albeit measureable population-based, changes in 

sleep. In the context of these findings, one might expect more profound effects on sleep based on the 

cumulative effect of chronic and prolonged political uncertainty or unrest, as well as a major armed 

conflict, political assassinations or repeated temporary paralysis. Considering the effect that shorter 

sleep may have on vulnerable individuals, e.g. with mental health problems such as the bipolar 

disorder, where there is a clear link between sleep impaired by external influences and the occurrence 

of depressive or manic states (Plante and Winkelman, 2008), it becomes relevant to study chronic 

sleep disruption triggered by political and social causes and its effects - especially on the well-being 

of vulnerable individuals. It has been already shown that a negative  may cause distress and 

dissatisfaction, leading to the heightened perception of threats (Rahn et al., 1996). Although we did 

not assess the public mood in our analyses, we might expect changes in this variable due to its known 

relation to sleep quality (Boivin et al., 1997). 

Limitations 
The main limitation of the study presented here stems from the fact that the sleep data were collected 

using a publicly available smartphone application, rather than using a scientifically validated method. 

The effect is twofold: i) sampling of the observed population cannot be controlled and may be biased 
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– according to a study from 2015 (Krebs and Duncan, 2015), younger and higher-income smartphone 

users are more inclined towards health apps), and ii) due to the lack of scientific validation of the 

measured sleep length, there may be systematic deviation from the true sleep length, as measured by 

polysomnography. 

The impact of missing demographic information and possible sampling bias may bring into 

question the generalizability of the observed result to a general population: doubt would be raised if 

the assumed predominantly young male population is more involved in politics than the general 

public. The evaluation of connections between the education level, age (or other factors), and political 

engagement is beyond the scope of this study, and also beyond the resolution of the presented data 

set. These issues pose an interesting topic for further work. However, even if the actual reduction in 

sleep length in the whole population may differ from the value observed in this study, we can see no 

reason for the direction (increase or decrease) of the effect to vary across different groups in the 

society. A key consideration is that the events presented in our study can be seen as important to the 

public as a whole. Further, we assume that the sample of mobile health application users is similar in 

all presented countries, as the selected geographical constraints comprise states with a similar socio-

cultural environment. Moreover, possible systematic differences in sleep length or other country-

specific variations are suppressed by the alignment procedure employed in bootstrap tests.  

Similarly, we consider that, even if the measured sleep length may differ from objectively 

measured sleep, the obtained values are upper-bounded by the user-determined start and end of 

monitoring, which are in turn restricted to time spent in bed. As we compared only the differences in 

sleep length internationally, a significant change in the observed sleep length should correspond to a 

pronounced change in true sleep length across the population. If there are national specifics that may 

cause a different general bias in different countries, it should again be lightened by the alignment 

procedure.  

Taking into consideration the main limitations mentioned here, it is necessary to take the 

absolute sleep length as measured by the application with caution. Nevertheless, we consider that the 

international differences, and also their significance, should hold, even if they were to be measured 

by a scientifically rigorous method. However, that would not have been possible within the range of 

our study. 

Conclusion 

Our study has shown that people’s sleep may be affected by events such as breakthrough political 

events. Findings confirming a global impact on sleep triggered by a singular political event open up 

the question of the additive effect of long-lasting group-related political changes on sleep, and how 

this specifically translates into a complex fabric of population well-being and health. This issue will 

need to be addressed in further studies. More broadly, our study has demonstrated how the use of new 

smartphone application technologies can bring unprecedented insights into events happening at a 

given time point within a large international population. We have shown that the use of smartphone 

technologies can provide big data to illuminate the behaviour of large populations cross-sectionally. 

We think it can also be used to illuminate behaviour prospectively. For example, it may prove to be 

convenient to study the seasonality of sleep and other behaviours in this way.  

As the actual Brexit end date is approaching (March 29, 2019), we intend to present a follow-

up analysis of sleep changes in the UK with respect to the event. We will publish a report at 

http://datalab.nudz.cz/brexit during the spring of 2019. 
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