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ABSTRACT 

BACKGROUND: During Finnmarksløpet (FL, one of the longest distance sleddog races in the 

world), veterinarians are exposed to extreme environmental conditions and tight working schedules, 

with little and fragmented sleep.  

OBJECTIVE: The aim of this case study was to examine cardiovascular parameters and sleep-wake 

patterns among veterinarians working within FL, during and after (for a month) the end of the race.  

METHODS: Six female veterinarians volunteered for the study. The participants wore a wrist device 

for a total of eight weeks in order to passively and semi-continuously record physiological responses 

throughout the day (i.e., heart rate, heart rate variability, number of steps, and sleep quality). 

Moreover, perceived sleep quality was assessed by Pittsburgh Sleep Quality Index (PSQI).  

RESULTS: During and for one month after completion of the FL, most veterinarians presented an 

alteration of cardiovascular parameters and sleep quality. The heart rate circadian rhythm returned to 

pre-race values within about two weeks. 

CONCLUSIONS: The long-lasting alteration of the veterinarians’ cardiovascular parameters and 

sleep-wake patterns might have negative consequences for their health in the long-term, especially if 

similar experiences are repeated more times though the course of a year or season. More research is 

needed in order to understand the health risks, as well as how to prevent them, among veterinarians 

in long-distance sleddog races or other similar events. 

Key words: Wearable Electronic Devices; Sleep; Circadian Rhythm; Heart Rate. 
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INTRODUCTION 

Veterinarians  are subjected to levels of work-related stress comparable to that experienced 

by other health-professionals (1–7). In addition to the challenges encountered by 

veterinarians in their everyday work routines, some veterinarians are exposed to additional, 

exceptionally challenging, work circumstances in relation to sporting events that involve 

animals, such as, for example, veterinarians working within long-distance sleddog races. In 

this particular study, we refer to the Finnmarksløp (FL) as a case.  

Tasks and working conditions of veterinarians during the Finmarksløp    

The FL is the world's northernmost and Europe’s longest sleddog race, which has been taking 

place annually since 1981. It is considered one of the most famous and challenging sleddog 

races, run over three different distances (1200 km, 500 km and 200 km junior) in wild sub-

arctic conditions, across the Finnmark region of northern Norway. During activities such as 

pre-race checks, and then during the race, race-officials, helpers, volunteers and veterinarians 

work around the clock with tight schedules, indulging themselves in only little and 

fragmented sleep. Studies have previously shown that not only the mushers (i.e., the sled 

driver) but also others working in such events (e.g., race assistants), sleep an average of 3.5 

hours per day, with sleep episodes which are often fragmented in two or shorter episodes 

taking place at irregular times of the day (8–10). Similarly to the mushers and race assistants, 

the veterinarians working within these races are also exposed to strenuous conditions, 

including chronic sleep deprivation, stressful schedules, and extreme temperatures. As in 

other long-distance sleddog races, normally, veterinarians in the FL must be available at all 

times, from 2-3 days before the start (when preparatory technical meetings and pre-start 

veterinary check on all the dogs registered in the competition are done) until the last 

competitor reach the finish line (usually 8-9 days after the race start and 1-2 days after the 

first team arrival), resulting in 10-12 days of commitment (11).  
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Possible health challenges for veterinarians working in long-distance sleddog races  

As work-related stress poses challenges for human health and wellbeing (12), the higher 

levels of stress experienced by the veterinarians (during their everyday work as well as during 

the FL) can have consequences for their health in the long term. Although, to the best of our 

knowledge, no studies have investigated the impact of work-related stress on cardiovascular 

health specifically among veterinarians, consistent evidence exists demonstrating increasing 

risk of coronary heart diseases with increasing job strain and long working hours in the 

general population (13).  

The sleep deprivation the veterinarians’ experience during the FL may also pose a challenge 

for their health. In healthy adults, the sleep-wake cycle normally shows a monophasic 

structure with one long period of nocturnal sleep, which is strongly related to daily 

environmental cycles, such as the daily light-dark cycle (14). An alteration of the sleep-wake 

rhythm induces a reduction of sleep quality resulting in a shorter sleep duration during the 

night (14). Consequently, not only is an adequate sleep duration important: the time of day 

when the main sleep period occurs also influences the overall quality and restrictiveness of 

the sleep (15,16). Prolonged periods of sleep deprivation and/or irregular sleep routines might 

affect the sleep-wake circadian rhythmicity, thus causing an impoverishment of the sleep 

quality. Furthermore, the disruption of the sleep-wake circadian rhythm induced by such 

circumstances can make a subsequent sleep recovery difficult to achieve (8).  

The stressful working conditions, as well as the reduced amount and quality of the sleep 

experienced by the veterinarians during the FL may also affect their cardiovascular functions. 

For instance, it has been demonstrated that insomnia and sleep apnea are associated with an 

increment in cardiovascular risk and mortality (17,18), while cardiovascular diseases, e.g. 

congestive heart failure and myocardial infarction, are related to physiological sleep 

problems (19). This bidirectional relationship found between sleep and cardiovascular 
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response is often related to the fact that the autonomic nervous system (ANS) regulates 

cardiovascular functions during sleep stages, and consequently its alteration induces sleep 

disorders. On the other hand, sleep problems such as sleep deprivation affect the normal 

circadian rhythm of cardiovascular responses (14) and consequently the ANS regulations that 

may induce altered heart rate (HR) responses (20).  

As a result of the sleep loss, alongside the work-related stress, the veterinarians working 

within the FL could be subjected to a higher than normal risk of poor mental and physical 

health, especially if several of similar events are undertaken during the course of a year or 

season (9). Studies have shown that the mushers and race assistants in long-distance sleddog 

races were subjected to an alteration of their rest-activity circadian rhythms and sleep-wake 

patterns, which lasted up to one month after completion of the race (10,11,21). It is plausible 

to expect that similar alterations may occur also among veterinarians. However, to the best 

of our knowledge, to date no study has specifically investigated the health challenges of 

veterinarians working in such events. The scientific literature on the health challenges 

experienced by human participants in long-distance sleddog races is, indeed, relatively scarce 

(10), with only two studies focusing on or including professional figures (non-mushers) 

orbiting around the race, such as race organizers and handlers (i.e., the mushers’ personal 

assistants (9,10,22). Moreover, previous studies on workers within FL were limited either by 

a short follow-up (i.e., only one week after completion of the race (8) or by the exclusive use 

of self-reported assessments (9).  

The purpose of the study 

The primary aim of this study was to examine the in-race and post-race biomarker of health 

among veterinarians working within the FL. In particular, this case study investigated 

possible alterations of the veterinarians’ HR circadian rhythm (midline statistic of rhythm 

[MESOR], Acrophase, and Amplitude), HR variability (HRV; expressed as standard 



 

6 

deviation of normal-to-normal  intervals over 24 hours [SDNN24]), and sleep-wake patterns 

(both, objectively assessed and self-reported), during and after the veterinarians’ engagement 

in the FL. A substantive innovation introduced by this study is the use of IoT-based devices, 

which allowed monitoring of objective biomarkers of health over a long period of time (i.e., 

8-weeks overall).  

METHODS 

Participants 

Six of the eight female veterinarians (age=34.00+/-2.45 years; weight=60.75+/-8.09 kg; 

height=169+/-3.91 cm; BMI=21.23+/-2.39 kg/m2) working in the 2019 edition volunteered 

in this case study. To reduce the intraindividual difference, only female veterinarians were 

recruited for this study. All veterinarians participating in the study declared to have no clinical 

condition and to be in good physical shape. They signed an informed consent document after 

receiving an explanation of the project's aims, methods, possible risks, and benefits of the 

study. The authors of this study ensured that the planning conduct and reporting of human 

research are in accordance with the Helsinki Declaration as revised in 2013. The study has 

been conducted in accordance with and has received approval by SoBigData++ Ethical 

committee (BOEL20200727IP). 

Protocol 

One week before the race, after signing an informed consent, the veterinarians filled in a 

questionnaire composed of three parts on a Google Form: in the first part, the participants 

provided their background characteristics; in the second part of the questionnaire, the 

participants’ chronotype was assessed by using the MEQ; finally, the PSQI was used to assess 

the veterinarians’ sleep quality. Alongside the administration of the initial questionnaire, the 
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participants were asked to wear the IoT wearable, and keep it continuously (day and night) 

for a total of 8 weeks. The PSQI was subsequently administered two additional times by a 

Google Form, one week and one month after the end of the race. Because of the lockdown 

associated with the COVID-19 pandemic, the 2020 race was forced to stop just before the 

planned end, at Levajok check-point, after 987 km out of the intended total of 1202. All 

subsequent scheduled races were also cancelled during the lockdown period. So during the 

post-race assessment, the participants were not further engaged in long-lasting sleddog races, 

though they may have returned to more regular working routines. 

Instruments and questionnaires 

Internet of Things (IoT) wearables (BioBeam, BioBeats, London, U.K. 

[https://biobeats.com/]) equipped with an accelerometer and pulse-based HR sensor were 

employed to objectively assess biomarkers among the veterinarians before, during, and after 

the race. These wrist-worn devices, of the shape and size of a wrist watch, can assess the 

participants’ cardiovascular parameters and activity levels (from which sleep-wake patterns 

can be derived) in their everyday life (23). Heart activity measures captured via wrist-worn 

wearable devices suffer from missing values and noise induced by motion artefacts (24). This 

can negatively affect the estimation of the HR circadian rhythm and HRV, inducing 

misleading insights in the assessment of the health status of the individual. For this reason, 

IBI data were preprocessed by removing abnormal values (i.e., ectopic beats) and then the 

missing values (caused both from ectopic beats and motion artefacts) were interpolated at the 

time when the beats occur via a quadratic interpolation function (24). This preprocessing 

approach allowed to minimise error that might be caused by the substantial quantity of 

missing values (24). The algorithm used to extract the valid data from the BioBeam is 

patented by Huma Therapeutics Limited (GB patent, GB202004816D0). The devices were 

provided by the producer for free based on a scientific research agreement between the 
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University of Pisa (i.e., SoBigData European projects) and BioBeats LTD group. The 

biomarkers derived from these devices and the ones obtained from questionnaires are deeply 

described below. 

Cardiovascular parameters - HR and HRV were recorded semi-continuously through the 

wearable devices described above The HRV data was recorded as the standard deviation of 

inter-beat intervals (IBI; average over a 2-minute) every 30 minutes. On the basis of these 

data, the SDNN24 was computed. SDNN24 is a HRV feature that is commonly used as an 

indicator of cardiac health (25). For instance, in a recent study in which the BioBeam device 

was compared with an electrocardiogram (ECG), it was found that the former provides 

acceptable estimations of standard deviation of the SDNN24 (26). The HR data (the mean of 

2 minutes recorded every 10 minutes), were used to assess the veterinarians’ HR circadian 

rhythm by applying a single component cosinor function (Equation 1) to fit the daily HR 

data: 

 

𝑌(𝑡)  = 𝑀 + 𝐴 𝑐𝑜𝑠(2𝜋 ∗ (𝑡/𝑓𝑟𝑒𝑞) + 𝜙) + 𝑒(𝑡)  (Equation 1) 

 

where 𝑀 is the MESOR (Midline Statistic Of Rhythm, a rhythm-adjusted mean), 𝐴 is the 

amplitude (a measure of half the extent of predictable variation within a cycle), 𝜙 is the 

acrophase (time of the day when the high HR values recurs in each cycle), 𝑡 is the period 

(duration of one cycle), 𝑓𝑟𝑒𝑞 is the fixed length of the cycle (i.e., 24 hours) and 𝑒(𝑡) is an 

error term (27). MESOR, Amplitude and Acrophase were used in the study to depict the 

profile and entrainment of the veterinarians’ HR circadian rhythm.  

For each cardiovascular parameter (SDNN24, MESOR, Acrophase, and Amplitude), the 

values assessed during the week preceding the race were used as a baseline (a reference point 

with which to compare the in-race and post-race values). The values assessed during the days 
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the veterinarians were engaged with the race were used as an indicator of stress-strain and 

circadian disruption experienced by the veterinarians. Finally, the parameters assessed in the 

course of the five weeks following the completion of the race were used to evaluate the 

veterinarians’ cardiovascular recovery process.  

Sleep-wake patterns and sleep quality - These were assessed both, subjectively and 

objectively. Subjective sleep quality was assessed by Pittsburgh Sleep Quality Index (PSQI) 

(28). The PSQI is the most commonly used instrument for assessing sleep in clinical as well 

as research contexts, which has been deemed having acceptable validity in clinical and non-

clinical population (29). PSQI was developed to provide a simple, valid and standardized 

measure of sleep quality, and to identify possible sleep disturbances occurring during the 

previous month. PSQI gives a score ranging from 0 to 21, with values ≤ 5 indicating good 

sleep quality. The caption of the instrument (which in its original form provides a time anchor 

of one month) was adjusted to require the veterinarians to refer to their sleep in the past week. 

The PSQI was administered at three time-points: one week before the race (used as a 

baseline), one week and one month after completion of the race (used to evaluate the 

veterinarians’ recovery process).  

The objective assessments were performed using the wearable devices described above, 

which indirectly derives the participants’ sleep-wake patterns based on their movement 

(accelerometer values). More specifically, the following parameters, generated for each day, 

were used in this study: number of sleep periods throughout the day, total sleep time 

expressed in hours throughout the day, number of awakening phases in sleep period recorded 

during all the day, and length of awakening phases recorded during all the day expressed in 

seconds. The parameters assessed the week before the race were used as a baseline, while the 

parameters assessed during the days the veterinarians were engaged with the race provided 

information on the magnitude of the sleep deprivation experienced. The parameters assessed 
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over the 5-weeks period after the race were used to evaluate the veterinarians’ quantity and 

quality of sleep as an indicator of their sleep-recovery status.  

Activity levels - The veterinarians’ physical activity levels were assessed using the same 

wearable described above. This information was assessed as steps counts (epoch length: 20 

seconds), and it was mainly used as an indicator of work-strain during the race. 

Background information - This (which was assessed for informative purposes) included the 

veterinarians’ age, weight and height (from which BMI was derived using the formula: height 

[m] / squared weight [Kg]), and an assessment of their chronotype by the Morningness-

Eveningness Questionnaire (MEQ) (30). MEQ is a self-assessment questionnaire created by 

Horne and Ostberg in the 1970s to measure preferences for morning versus evening in 

relation to individuals’ intrinsic circadian rhythms. It consists of 19 multiple-choice questions 

(i.e., 5 Likert scale). The sum gives a score ranging from 16 to 86: scores of 41 and below 

indicate "evening types'', scores of 59 and above indicate "morning types", while scores 

between 42-58 indicate "intermediate types".  

Statistics 

Due to the small sample size, the results associated with the primary variable (cardiovascular 

parameters and sleep-wake patterns) are primarily presented descriptively (25th, 50th and 

75th percentiles). For the variables SDNN24, total sleep time, and SPQI, which showed the 

largest changes during and after the race, results are presented at individual level and by 

showing detailed trends of the entire monitoring period. Inferential statistics was also 

performed, although, due to limited statistical power, caution is needed when interpreting the 

outcome of these analyses. For each variable, one way analysis of variance for repeated 

measures (ANOVA) based on ordinary least-squares estimation is performed to assess the 

difference in the data between weeks. Specifically, time (i.e., pre race, during the race and 

from 1 to 5 weeks after the end of the competition) was taken to be the fixed effect and 
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time/subjects were taken to be nested random effects. Tukey's post-hoc test was performed 

pairwise to compare data from weeks. The statistical significance of the latter test was taken 

to be 0.05. All the analyses are performed using the Python 3 language programming. 

 

RESULTS 

Background information of the veterinarians 

The outcomes of the MEQ showed that all veterinarians had an intermediate/moderate 

morning chronotype (57.00 +/- 4.69 MEQ values) indicating that they are accustomed to 

waking up early in the morning compared to other chronotype groups (i.e., neither and 

evening) with a peak alertness in the morning.  

Work stress, circadian disruption and sleep deprivation during the race 

During the race period there was a reduction of SDNN24 of about - 24.15 +/- 7.42 ms 

compared to pre-race week (p-value = 0.02). In particular, Figure 3 shows that all the 

veterinarians followed this pattern, with SDNN24 values decreasing just before the beginning 

of the race, indicating increased levels of psychophysiological stress. While three of the 

veterinarians maintained the (reduced) SDNN24 values throughout the race, the values 

continued decreasing for the other three veterinarians. In one case, the SDNN24 values were 

close to the 100 ms threshold, indicating compromise health (see orange line, Figure 3).    

As shown in Table 1, a higher number of steps was recorded during the race period compared 

to the period before and after the race (ANOVA: F(6,36) = 13.09, p-value < 0.001). The 

acrophase of the HR circadian rhythm during the race was shifted forward of about 4-hour 

earlier than pre-race values, showing also a higher variability compared to pre-race week, 

which could indicate an alteration of the circadian rhythmicity (Table 1). Similarly, low 

variability detected in the circadian rhythm amplitude corroborates the fact that the HR 

rhythmicity was altered.  
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Statistically significant differences were found for the total sleep time (Figure 1): the 

participants slept 4.91 +/- 1.11 hours per day during the race period, which is statistically 

significantly lower than the sleep times slept in weeks before and after the race (ANOVA: 

F(6,36) = 12.47, p-value < 0.001). As a matter of fact, Figure 1 shows that all the participants 

reduce their sleep time during the race period. Moreover, the structure of the wake-sleep 

cycle (Number of Sleep periods) was altered during the race period showing a biphasic 

structure compared to pre-race weeks (ANOVA: F(6,36) = 11.35, p-value = 0.001).   

Recovery of cardiovascular parameters and sleep-wake patterns  

SDNN24 (HRV variable describing the health status of the heart) required up to 1-month 

time to return at pre-race value (Figure 3 and Table 1, ANOVA RM: F(6,36) = 9.03, p-value 

p<0.001). SDNN24 remained close to values recorded during the race period for 4 weeks (p-

values > 0.05), returning to pre-race values in week 5. In particular, Figure 3 shows that 

almost all the veterinarians follow this pattern, while only one veterinarian (red line) 

continuously reduces SDNN in the post race period. Differently, Table 1 indicates that both 

Mesor (ANOVA: F(6,18) = 8.80, p-value p=0.001) and Acrophase (ANOVA: F(6,18) = 4.28, p-

value p<0.01) require up to 2-weeks time to recover after the completion of the race.  

The veterinarians returned to a normal sleep routine within one week after completion of the 

race, as shown by the values of total sleep time (see Figure 1 and Table 1). In particular, 

Figure 1 shows that except for one veterinarian (green line) all the veterinarians slept about 

one hour more in post race period compared to the pre race incurring in a strategy to recover 

from a stressful period (race). Even if no statistically significant difference was detected in 

both the number and length of awakening phases during the night, these values appeared 

altered up to one month after completion of the race, with a peak 2-week time after the race. 

However, for all of the veterinarians, after an initial improvement of the perceived sleep 

quality (as based on the PSQI) during the first week following the race, PSQI values reduced 
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again in the assessment performed one month after completion of the races (Figure 2, 

ANOVA: F(2,12) = 23.51, p-value p<0.001).  

 

** TABLE 1 ** 

** FIGURE 1 ** 

** FIGURE 2 ** 

** FIGURE 3 ** 

DISCUSSION 

Summary of findings 

The purpose of this case study was to investigate possible alterations of cardiovascular 

parameters (HR circadian rhythm and HRV) and sleep-wake patterns among female 

veterinarians working in a long-distance sleddog race (the FL), and evaluate the recovery 

process of these parameters after completion of the race. A main innovation in this study was 

the use of a IoT-based wearable devices, which allowed to assess, in ecological conditions, 

relevant biomarkers of psychological and physical health before, during and after 

engagement in an exceptionally demanding work period. The main findings of this case study 

shows the extremely demanding working conditions encountered by the veterinarians within 

the FL. For about 10 days, the veterinarians were subjected to high degrees of sleep 

deprivation and stress, which altered the veterinarians’ HRV (expressed as SDNN24), HR 

circadian rhythm, and sleep-wake patterns. Furthermore, the study indicates that the 

cardiovascular parameters remained altered for up to a month after completion of the race . 

The alteration was especially prolonged for the veterinarians’ HRV (expressed as SDNN24), 

while the profile of their HR circadian rhythm appeared to become restored within about 2-
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weeks. While the veterinarians returned to (relatively) regular sleep routines within one week 

after completion of the race, the perceived quality of the sleep appeared to be altered for up 

to one month. This was corroborated also by a less consistent increase of the number and 

length of awakening phases.  

Discussion of findings in relation to previous literature 

To the best of our knowledge, this is the first study that continuously evaluated biomarkers 

of health in veterinarians, as most of the literature have predominantly focussed on stress-

related work and/or measurements of psychological health (1). As this study focused on a 

specific, exceptionally demanding, circumstance (i.e., working within a long-distance 

sledding race), it is difficult to compare our findings with those from previous studies, which 

generally focus on the work-related stress and mental health of veterinarians (or veterinary 

students) during their everyday working life. However, the findings of this case study can 

nevertheless provide some information about the psychophysiological work-related stress 

experienced by veterinarians when exposed to long working hours and night-shifts. 

Furthermore, the biomarkers used in this study provides insight into possible mechanisms 

linking psychophysiological stress with an increased long-term health-risk. 

HRV is the fluctuation in the time intervals between adjacent heartbeats and reflects, among 

others,  regulation of autonomic balance and cardiovascular functions such as blood pressure, 

heart and vascular tone (25). SDNN24 is considered the “golden standard” for the clinical 

assessment of cardiac risk, with SDNN24 values below 50 ms indicating high risk, 50–100 

ms indicating compromised health, and values above 100 ms are low risk (31). In the present 

study, all veterinarians (with the exception of one veterinarian in the second week after 

completion of the race, i.e. orange line in Figure 3) maintained SDNN24 values above 100 

ms -thus, they never showed SDNN24 values indicating health concerns. However, except 

for one participant (red line in Figure 3), all the veterinarians presented a reduction of the 
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SDNN24 values following the race. This suggests that similar stressors may potentially lead 

to health concerns, especially in older individuals or people with previous conditions. To be 

noticed that most veterinarians were rather young, while SDNN24 values are known to 

reduce with increasing age and are typically lower in individuals with heart conditions (15). 

Also the alterations of the HR circadian rhythms and sleep-wake patterns are indicative of an 

increased (although temporary and non alarming) health risk. As cardiovascular functions are 

strongly linked to a circadian rhythmicity, a well-entrained HR circadian rhythm (with a 

stable Acrophase, a lower MESOR, and a large Amplitude) is indicative of lower cardiac risk 

(32).  

Sleep deprivation (especially in the form of chronic sleep deficiency) contributes to a number 

of molecular, immune, and neural changes that may increase the risk for accidents as well as 

different diseases including cardiovascular diseases, metabolic diseases, and cancer, 

ultimately leading to reduced lifespan and quality of life (33). The National Sleep Foundation 

(34) recommends that adults (26 y or older) sleep for seven to nine hours per day. While few 

veterinarians showed inadequate sleep routines also before the beginning of the race, most 

appear to have slept an adequate amount of hours since immediately after the completion of 

the race. However, the quality of the sleep is also an important indicator of health (35). 

Although none of the veterinarians, at any assessment time-points, reported a PSQI ≤ 5 (the 

cut-off indicating presence of sleep problems), we found that some of the veterinarians had 

some reductions of the PSQI values up to one month after completion of the race. 

Paradoxically, the perceived sleep quality was increased during the week after the completion 

of the race, contradicting the slightly increased number and duration of awakenings. Such 

pattern has, however, been previously observed in similar circumstances among race 

assistants and handlers participating in the FL (22), and might be explained by a biased self-
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evaluation of one’s quality of sleep due to the prolonged exposure to a period with forced 

sleep deprivation. 

Altogether, not only these findings indicate the impact that working in events such as the FL 

have on the cardiovascular function and sleep-wake patterns of the members of the veterinary 

team, but also that such alterations require a long time (about one month) to be restored. 

Moreover, as the alterations of these biomarkers are known to be associated with health issues 

(e.g., cardiovascular or metabolically diseases), veterinarians should be mindful about the 

potential health risk of working in such an event or other similar circumstances. Information 

on the importance of, as well as intervention promoting, appropriate sleep recovery strategies 

should be provided to veterinarians working on events such as FL, as well as among health 

personnel working shifts, such as nurses. As a matter of fact, shift-work resulting in irregular 

work schedules has been consistently found to induce high levels of stress (36) among 

workers and sleep problems (33), with risk for both the safety of health personnels’ and the 

patients’ (37,38). It has been emphasized that sleep should be made a priority among health 

personnel working shifts (37), thus such recommendations should be extended also to 

veterinarians.  

Limitations of the study 

The main limitation of this study is the small sample size, which is primarily a reflection of 

the small number of veterinarians that typically work within this kind of competitions (it 

should be noted that almost all the female veterinarians that take part in this competition were 

recruited in this study). Caution is needed when interpreting the findings of the cardiovascular 

parameters and sleep-wake patterns against the respective cut-off values, as the latter 

normally refer to assessments done in clinical conditions and with instruments different than 

the IoT-based wearable devices used in this study. Finally, another limitation is given by 

possible influences of the pandemic and the lockdown on the stress levels of the veterinarians. 
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The race was interrupted just before the planned end, and all other races cancelled, due to the 

COVID-19 emergency. While this provided the possibility to conduct the post-race 

assessment with the veterinarians off-duty from high-intensity stressor such as other long-

distance sleddog races, it is important to take into account that the COVID-19 pandemics and 

the lockdown may have induced stress among the veterinarians. Thus, the findings of the 

post-race assessment need to be interpreted with caution. 

Implications and recommendation for future research 

This case study provides important, thought preliminary, insight into the mechanisms that 

link work-stress and sleep loss among veterinarians. Although these findings are primarily 

restricted to the circumstances encountered during the FL or other similar events (e.g., other 

long-distance sleddog races), the paper may provide some useful information to veterinarians 

and their employers on how to improve their working conditions.  

Based on the results of this study, it is recommended that the members of the veterinarian 

team, as well as other race organizers, assistants and volunteers that work within  long-

distance sleddog races such as FL schedule their shifts in a way that limits possible negative 

effects on the health of all these participants. Of course, the working schedule for the 

veterinary team often requires adjustments throughout the course of the races, since the 

progress of a long-distance competition, and the workload at different checkpoints, are 

unpredictable. Nonetheless, ensuring shifts with a fixed minimum amount of sleep to all FL 

veterinarians may help.  

In relation to the use of IoT-based devices, future works are encouraged in order to develop 

algorithms able to detect cardiovascular and sleep problems at early-stage, which may be 

employed to protect the health veterinary staff, as well as other professional figures exposed 

to similar working conditions (e.g., prolonged working hours, night shift, and emotional 

strains).  
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CONCLUSION 

The period connected to events such as FL can induce acute and long-lasting alterations of 

cardiovascular parameters and sleep-wake pattern in members of the veterinary team. 

Veterinarians, as well as other participants in extreme events such as the FL, should be 

mindful of the risks that strenuous work and prolonged sleep loss can have on their health. 

The race's organizers may consider promoting more healthy sleep-wake scheduling among 

the veterinarians and other workers involved in the race through informative campaigns. 

Monitoring of biomarkers (e.g, HRV and sleep-wake pattern) during and after such events is 

also recommended among veterinarians, in order to detect possible problems.  

The knowledge generated by this study increases current understanding of the burden 

undergone by veterinarians and other participants in events such as the FL, but it is also 

relevant for other shift workers, such as nurses and other health personnel. All shift workers, 

including  veterinarians, may benefit from educational programs on the risks of prolonged 

sleep restriction and follow-up interventions in order to ensure full sleep recovery. This may 

be especially important during the current COVID-19 pandemic, which sees, for example, 

nurses and medical staff involved in a strenuous effort and chronic sleep deprivation that 

could jeopardize their general health. 
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Table 1. Descriptive statistics per week. Mean, standard deviation and interquartiles, i.e. first quartile (Q1 - 

25th percentile), median (50th percentile) and third quartile (Q3 - 75th percentile) for all the features in each 

week. 

Features Statistic week-pre race week 1 week 2 week 3 week 4 week 5 

Steps (n) 

Mean 

SD 

Q1 

Q2 

Q3 

6527.56 

3025.22 

5715 

7466   

9675 

7674.85 

4522.38 

6273 

 7860 

 9728 

5736.23 

2710.12 

3837 

5321 

6835 

6725.93 

4182.86 

4172  

6136 

 8377 

6244.33 

2361.77 

4585 

6021 

7721 

6679.38 

3192.81 

4004 

6546 

8614 

6304.52 

3527.82 

1259 

 3737 

6263 

Total sleep time  

(h) 

Mean 

SD 

Q1 

Q2 

Q3 

6.85 

2.66 

5.58 

7.21 

8.00 

4.91 

1.11 

4.93 

 5.32  

5.83 

7.74 

1.85 

7.25 

8.17 

8.81 

7.90 

2.92 

6.75  

8.08  

9.33 

7.86 

1.68 

7.00   

8.08   

9.08 

7.72 

1.71 

7.08 

7.92 

 8.75 

7.81 

1.52 

6.56 

7.75 

8.42 

Number of 

Awakening phases 

(n) 

Mean 

SD 

Q1 

Q2 

Q3 

0.39 

0.54 

0.00 

0.00 

0.25 

0.29 

0.60 

0.00 

0.00 

0.00 

0.55 

0.71 

0.00 

0.00 

1.00 

0.63 

1.04 

0.00 

0.00 

1.00 

0.57 

0.87 

0.00 

0.00 

1.00 

0.60 

0.99 

0.00 

0.00 

1.00 

0.44 

0.82 

0.00 

0.00 

1.00 

Length of 

Awakening phases 

(s) 

Mean 

SD 

Q1 

Q2 

Q3 

156 

386 

121 

158 

176 

97 

247 

81 

99 

134 

242 

370 

192 

238 

286 

321 

566 

235 

312 

399 

218 

343 

156 

220 

285 

270 

454 

201 

275 

328 

187 

344 

135 

191 

242 

Number of Sleep 

periods (n) 

Mean 

SD 

Q1 

Q2 

Q3 

1.09 

0.29 

1.00 

1.00 

1.00 

1.35 

0.47 

1.00 

1.00 

2.00 

1.02 

0.16 

1.00 

1.00 

1.00 

1.11 

0.31 

1.00 

1.00 

1.00 

1.03 

0.17 

1.00 

1.00 

1.00 

1.05 

0.22 

1.00 

1.00 

1.00 

1.00 

0.00 

1.00 

1.00 

1.00 

SDNN24 (ms) 

Mean 

SD 

Q1 

Q2 

Q3 

163.21 

34.87 

136.18 

168.11 

182.89 

139.05 

39.28 

122.02 

143.67 

160.09 

155.43 

37.71 

132.80 

161.08 

180.74 

148.10 

33.93 

136.85 

 150.27 

172.05 

147.73 

29.58 

130.34 

148.40 

165.66 

148.16 

31.46 

138.37 

151.38 

165.35 

172.40 

34.08 

147.93 

159.36 

200.04 

HR MESOR (bpm) 

Mean 

SD 

Q1 

Q2 

Q3 

71.83 

5.29 

69.57 

73.43 

74.80 

74.78 

3.47 

73.03 

75.16 

77.16 

72.77 

4.73 

70.74 

72.52 

75.53 

71.93 

3.37 

70.89 

72.72 

74.12 

70.44 

3.31 

68.27 

71.50 

72.77 

70.92 

3.81 

69.57 

72.21 

73.17 

70.86 

2.60 

70.16 

70.67 

71.82 

HR Acrophase (h) 

Mean 

SD 

Q1 

Q2 

Q3 

13.83 

2.98 

9.50 

16.00 

18.50 

8.93 

5.33 

2.00 

7.00 

15.50 

12.32 

2.19 

12.75 

14.00 

16.25 

14.29 

2.25 

11.25 

15.00 

19.25 

14.57 

1.95 

13.75 

15.50 

18.00 

14.48 

1.54 

13.00 

15.00 

17.50 

13.77 

2.62 

9.00 

11.00 

16.00 

HR Amplitude 

(bpm) 

Mean 

SD 

Q1 

Q2 

Q3 

3.10 

2.28 

1.70 

2.36 

3.92 

2.55 

1.05 

1.55 

2.25 

3.02 

3.52 

2.81 

1.53 

3.05 

4.49 

3.06 

1.71 

1.56 

2.87 

4.05 

3.63 

1.72 

2.37 

3.43 

4.99 

3.64 

1.81 

2.55 

3.81 

4.95 

4.51 

2.29 

2.72 

4.63 

5.25 
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Figure 1. The top plot shows the boxplot of sleep times (hour) per week. The bottom plot 

shows the mean and standard deviation of sleep hour per day. The bold line refers to the 

polynomial trend line of sleep time. 
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Figure 2. Boxplot of PSQI values recorded before, 1 week after and 1 month of sleep 

restriction period.  
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Figure 3. The top plot shows the boxplot of SDNN24 per week. The bottom plot shows the 

mean and standard deviation of sleep hour per day. The bold line refers to the polynomial 

trend line of sleep time. 

 


