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Abstract  

 

 Ongoing research is needed to understand how psychological stress impacts the onset of 

upper respiratory symptoms (URS) in athletes. Each year in March, dogsled drivers (‘mushers’) 

compete in a 1000-mile race across Alaska, traversing though an extreme environment, 

physically exerting themselves and forgoing normal sleep for up to two weeks. These factors 

may contribute to an increased vulnerability of mushers to illness, and thus makes this 

population a fascinating study model. Fourteen mushers completed five widely used 

psychological instruments to assess levels of state and trait anxiety, resilience, perceived stress, 

and personality traits, and URS symptoms in the past month in order to examine the influence of 

these variables on the development of URS during the race. During the race, mushers wrote 

down the hours they slept and if they had developed any URS symptoms in a booklet every 24 

hours. The results indicated that levels of state and trait anxiety, resilience, perceived stress, and 

personality traits did not make a difference in whether mushers reported in-race illness. Pre-race 

illness was not a significant predictor of developing illness during the race. However, the odds 

ratio pointed to a positive (but not significant) association between pre-race illness severity and 

in-race illness. The amount of sleep that mushers obtained per 24 hours was higher in mushers 

who reported in-race illness, however mushers that developed in-race illness slept longer on the 

days they were ill, raising their average hours of sleep per day. Addressing the occurrence of 

illness during the 10-14 day race was novel and a relatively unique characteristic of this study, 

and there is much potential for future researchers to study more in-depth how physical and 

psychological stress influence the immune system during multi-day endurance events.  
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Introduction 

Research on how to keep athletes, military personnel, and other professionals who are 

working in extreme environments healthy in order to perform and succeed is vitally important. 

Illness hinders an athlete's ability to train and compete, and many studies have reported a 

decrease in immune function and an increase in upper respiratory symptoms (URS) in athletes 

resulting from prolonged training sessions, extreme environments (e.g. high altitude, heat, cold), 

poor nutrition and poor sleep (Walsh, 2018). Upper respiratory symptoms include headache, 

sneezing, chilliness, sore throat, nasal discharge, nasal obstruction, malaise, and cough (Jackson, 

1958).  

Physical exertion and psychological stress influence the sympathetic and pituitary axes 

(both common pathways in the body’s response to stress). When they are stimulated, they give 

rise to the increase in catecholamines and glucocorticoid hormones known to alter immune 

function (Dhabhar, 2014). It is logical then that psychological stress and anxiety, defined as “an 

unpleasant emotional state that exists at a given moment of time at a particular level of intensity 

and characterized by subjective feelings of tension, apprehension, nervousness, and worry” 

(Spielberger et al., 1983), may influence the immune system’s response to exercise. Recent 

studies have demonstrated that high levels of perceived psychological stress and anxiety play a 

significant role in the strength of the immune response to exercise (Edwards et al., 2018).  

A further study investigating the influence of psychosocial variables and sleep quality on 

upper respiratory symptoms (URS) in marathon runners concluded that significant predictors of 

URS bouts pre-marathon were low emotional stability, high perceived stress, and high trait 

anxiety. Even more, participants who experienced early life adversity were twice as likely to 

report a URS bout pre-marathon (Harrison et al., 2019). Continued research efforts are needed to 

expand the scope of the Harrison et al., (2019) findings to understand how psychological stress 

impacts URS in athletes, and to further understand if stable characteristics such as personality 

type and trait anxiety have an influence on the onset of URS.  

Iditarod sled dog drivers, colloquially referred to as ‘mushers’, are a unique group of 

endurance athletes who compete in an extreme environment, physically exerting themselves and 

forgoing normal sleep for up to two weeks. These factors may contribute to an increased 

vulnerability of mushers to illness, and thus makes this population an interesting study model.  
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In recent years, dog sled racing has become an increasingly popular sport, with 

competitions across Northern Europe, North America, and as far as Australia and New Zealand 

(Waaler & Skjesol, 2019, p10). Dogs have assisted the lifestyle of people living in the Arctic 

regions for centuries and have become an indispensable aid in the everyday lifestyle of villagers 

as a mode of transportation and hauling. The sport of dog mushing (recreation or racing with sled 

dogs) has now grown to a level of competition in which research and recommendations in the 

area of performance optimization could be beneficial to the mushers and to the community that is 

striving to keep mushers and dogs healthy and safe.  

The Iditarod Sled Dog race is 1000 miles long and traverses the Alaskan outback. The 

race starts in Willow, Alaska and ends in Nome, a small town on the coast (see Figure 1 for map 

of the Iditarod trail). The day before the actual race starts, there is a ceremonial start in 

Anchorage where fans from all over the world come to see the teams run through the city streets. 

Depending on the trail conditions, it takes the top mushers around 9-10 days to complete the 

race, and the rest of the mushers up to 14 days (Sherwonit, 1991). Mushers begin the race with 

14 dogs and must complete the race with a minimum of five dogs. There are 21 checkpoints (not 

including Nome) which mushers pass through before reaching Nome. Teams can travel up to 100 

miles per day and will pass through or rest at checkpoints that are spaced every 20-80 miles. 

Upon arrival at a checkpoint, the first priority for the musher is the care of their canine 

teammates. The dogs are fed & watered, injuries and sore feet are taken care of, and straw is laid 

out for the dogs to rest on. The musher is then able to attend to personal needs such as preparing 

and eating a meal, drying wet clothing, and preparing gear for the next departure (Cox, 

2004).  During these breaks, mushers are lucky if they are able to catch a few hours of sleep 

before they depart for many more miles. Fatigue and sleep deprivation are inevitable and a 

challenge that all mushers encounter. Mushers are required to take one 24 hour break and are 

able to choose which of the 21 checkpoints they would like to break at.    

The race begins at sea level and then takes teams up and over the Alaska Range, where 

they reach the highest elevation of 3,160ft (962m). They then travel across the frozen Yukon 

river, and across the Bering Sea (if it is still frozen depending on the weather). The weather can 

be a significant factor in the race - with white out snowstorms, gale-force winds and 

temperatures typically range from -50 Celsius to 8 Celsius. Warm weather and lack of snow have 
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also been an issue in the past few years. Both the musher and dogs require immense physical and 

mental strength and stamina and must work together to safely reach Nome.  

Previous studies (Harrison, 2019; Calogiuri et al., 2017) have focused on occurrence of 

illness before or after endurance challenges. However, during a race as long as the Iditarod, it is 

common that illness actually occurs during the race and this has potential to affect the mushers’ 

ability to remain alert to the needs of their dogs, compete, or even finish the race.  

The aim of this study was to investigate if whether stable characteristics (including trait 

anxiety, resilience and personality) and acute stress (including state anxiety, perceived stress, and 

sleep deprivation) had an influence on the onset of URS during the Iditarod Sled dog race. The 

race started on 8 March, 2020 and ended 22 March, 2020.  

Figure 1- Iditarod Trail map with start of race in Anchorage, and finish of race in Nome. The highest 

altitude on the Iditarod trail is 963m in the Alaska Range near the checkpoint of Rainy Pass.  

Research Questions  

1) Did the mushers level of state and trait anxiety prior to the race influence the occurrence 

of URS symptoms during the race?  

2) Were certain personality traits significant variables in predicting the occurrence of URS 

symptoms during the race? 

3) Would mushers who experienced extreme sleep deprivation during the race be more 

likely to develop URS symptoms during the race?  

4) Does pre-race illness influence the likelihood of developing URS during the race?  
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Hypothesis 

 Mushers who reported high levels of trait and/or state anxiety, low resilience, high 

perceived stress, and/or extreme sleep deprivation would be more likely to experience URS 

symptoms during the Iditarod race.  

Methods 

 This study received ethical approval from the IRB review board at University of Alaska-

Fairbanks, and the researcher completed ‘Research Ethics and Compliance Training’ through an 

online program (CITI). This study was approved by the Iditarod Trail Committee. All protocols 

were conducted in accordance with the Declaration of Helsinki.  

Study Design 

Addressing the occurrence of illness during the 10-14 day race is novel and a relatively 

unique characteristic of this study. However, one must bear in mind that during the race, mushers 

are extremely sleep deprived and very focused on the care of dogs. The data collection was 

strategically designed to be non-invasive and minimize interference of the mushers time to care 

for their dogs. Rather than meeting mushers on the trail at the checkpoints, it was advised by the 

Iditarod Trail Committee to collect most of the data before the race with one follow-up measure 

post-race. Consequently, this study was a questionnaire-based descriptive study.  

This study involved both pre-race and in-race assessments. Pre-race assessments 

consisted of six questionnaires in total-three questionnaires that measured stable characteristics 

of trait anxiety, resilience and personality and were sent online to participants in the month 

before the race. The next three questionnaires were administered in person at the ceremonial race 

start in Anchorage and measured transient characteristics of state anxiety, level of perceived 

stress and asked questions about any illness or URS symptoms in the past month. In-race 

assessments involved mushers carrying a “Sleep & Symptoms tracker”, a small booklet where 

mushers kept track of the number of hours they slept and if they had developed any URS 

symptoms during the race. Follow-up measures required the collection of the sleep and 

symptoms tracker.  
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Participants  

This study was carried out before and during the Iditarod Sled dog race between 3 

February and 23 March 2020. An email was sent by the Iditarod Trail Committee to all 57 

mushers planning to compete in the 2020 Iditarod sled dog race containing an invitation to 

participate in our study, together with an explanation of the studies purpose, a link to informed 

consent, and a link to the online questionnaire. Fourteen mushers volunteered to be participants 

and returned a written informed consent form by email. Participants were 10 male and 4 female 

mushers (male average age =39±12 years; female average age= 37±10 years). Five of the 

mushers were “rookies” running the race for the first time, while other mushers had run the race 

more than 20 times. 

Instruments: Pre-race Assessment of Stable Characteristics 

Participates were asked to complete three questionnaires that measured stable 

characteristics such as trait anxiety, level of resilience, and personality traits. The State/Trait 

Anxiety Inventory, Brief Resilience Scale, and the Ten-item Personality Inventory were 

available to the participants to complete online from 3 February and were returned prior to 5 

March 2020.  

The level of trait anxiety was assessed using the trait aspect of the State Trait Anxiety 

Inventory (STAI-Y2) consisting of 20-items with responses that are measured on a 4-point Likert 

Scale (from 1‘not at all’ to 4 ‘very much so’). Trait anxiety items include: “I worry too much 

over something that really doesn’t matter” and “I am content; I am a steady person”. Scores 

range from 20-80, and were categorized into low (≤ 36), moderate (37-47), and high (≥ 48) trait 

anxiety (Barnes et al., 2002). 

The level of participants resilience was assessed using the 6-item Brief Resilience Scale 

(BRS), a self-reported measure of an individual’s ability to bounce back or adapt to stress, thrive 

in the face of adversity, and resist illness (Smith et al., 2008). BRS items include: “I have a hard 

time making it through stressful events” and responses are measured on a 5-point Scale (from 1 

‘strongly disagree’ to 5 ‘strongly agree’). Scores were categorized into low (1.00-2.99), normal 

(3.00-4.30) and high (4.31-5.00) resilience (Smith et al., 2013).  



9 
 

Personality Traits were assessed using the Ten Item Personality Inventory (TIPI) that 

measures the “Big Five” personality dimensions of extraversion, agreeableness, 

conscientiousness, emotional stability and openness to experience (Gosling et al., 2003). 

Participants are asked to write a number between (1 ‘strongly disagree’ to 7 ‘strongly agree’) 

next to each statement indicating to what extent the personality trait applies to them. For 

example, participants would rate to what extent they feel that they are “extroverted, 

enthusiastic”.  

Instruments: Pre-race Assessment of Transient Characteristics 

The level of state anxiety was assessed using the state aspect of the State Trait Anxiety 

Inventory (STAI-Y1). The STAI-Y1 consists of 20-items with responses measured on a four-

point Likert scale from (1 ‘not at all’ to 4 ‘very much so’) and asks participants about how they 

feel at the moment. Items include statements such as “I feel calm” and “I am worried”. Scores 

range from 20-80 and respondents were categorized into low (≤ 36), moderate (37-47), and high 

(≥ 48) state anxiety (Barnes et al., 2002).  

Perceived psychological stress was assessed using the Perceived Stress Scale (PSS), a 14-

item inventory. It is commonly used for measuring the perception of stress and the degree to 

which experiences or situations an individual considered to be stressful in the past month (Cohen 

& Williamson, 1988). The responses are measured on a five-point scale (from 0 ‘never’ to 4 

‘very often’). Scores range from 0-56 and were categorized into low (0-13), moderate (14-26), 

and high (27-40) stress (Cohen et al., 1983).   

Lastly, mushers were asked to complete a modified version of the Jackson Common Cold 

Questionnaire (JCCQ). The first question inquired if the participant had experienced a common 

cold or respiratory infection in the past month (YES/NO). If the respondent answered YES, they 

were asked to complete questions 2, 3 and 4 asking further questions about when the illness 

began, how many days it lasted, and to rate the severity of eight symptoms (headache, sneezing, 

chilliness, sore throat, nasal discharge, nasal obstruction, malaise, and cough) on a four-point 

Likert scale (0, not at all; 1, mild; 2, moderate; 3, severe). Any respondent that answered YES to 

the first question was categorized into the “pre-race illness” group for analysis (Hanstock et al., 

2016). On the same questionnaire, participants were asked about the most, average, and least 
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amount of sleep they typically obtain in 24 hours. The last question asked participants to list any 

vitamins or supplements they took on a regular basis and how often.   

In-Race Assessments  

Participants were given a “Sleep & Symptoms tracker”, a small booklet that they took 

with them on the Iditarod trail. The booklet included three simplified daily questions; one about 

how many hours they slept (1h, 2h, 3h, 4h, 5h, 6h, 7+h), the second one about how they feel 

(‘really bad’, ‘a bit bad’, ‘ok’, ‘good’, ‘excellent’) and lastly about cold symptoms (YES/NO) 

with a space below for comments. Each feeling was given a numeric score (“really bad”=1, “a bit 

bad”=2, ‘ok’=3, ‘good’=4, ‘excellent’=5). Mushers answered these three questions every 24 

hours. 

Race Progression and Follow Up Measures 

This year's Iditarod made the history books as only 34 out of the 57 mushers that started 

the Iditarod 2020 sled dog race reached the finish line-the most teams that have dropped out of 

the race since 1974, and just 1% shy of having that highest dropout rate in the 48 years since its 

inauguration. Temperatures out on the trail ranged from -45C to 7C, with an added challenge of 

wet, heavy snow. Many teams scratched both early on in the race, and some less than 300 miles 

from the finish line due to an illness that was extremely contagious among the dogs. Three 

mushers got trapped on melting ice and had to be rescued by helicopter, and eleven mushers 

waited for days at a checkpoint for a snowstorm to pass. On top of that, the world began to go on 

lockdown as COVID-19 started to violently spread. Some of the original checkpoints that were 

in small villages asked the race to reroute in hopes of keeping villagers safe. Midway through the 

race, the Iditarod Trail committee made the decision to cancel all events at the finish line in 

Nome, AK and asked people to refrain from travelling there. These restrictions affected the 

researcher’s original plans to meet mushers in Unalakleet (a checkpoint on the trail) and at the 

finish line which unfortunately made it impossible to administer the post-race Jackson Common 

Cold Questionnaire (JCCQ) and to collect the Sleep and Symptoms tracker. Mushers were asked 

to mail the Sleep and Symptoms tracker to the researcher upon their arrival home.  

 

 



11 
 

Statistical Analysis 

 The respondents in this study were divided into two groups; participants that remained 

healthy both pre-race and/or in- race were categorized as “healthy” and participants that 

experienced URS pre-race and/or in- race were categorized as “sick”.  Similarly, participants 

who kept track of in-race illness and returned the Sleep and Symptoms tracker were categorized 

into either “healthy” and “sick”. Data was examined for normal distribution for each variable and 

descriptive statistics provided mean values (M) and standard deviations (SD). Data are presented 

as M± SD unless otherwise stated. Two-tailed paired and independent t-tests were performed to 

compare within- and between-group effects. Effect size (ES) was calculated (Cohen’s d) for the 

difference between the means of “sick” and “healthy” for the all variables. Cohen’s d ES values 

greater than 0.2, 0.5, and 0.8 represent small, medium, and large effects respectively. Logistic 

regression was used to determine if pre-race illness was a predictor of in-race illness. Area under 

the curve (AUC) receiver operation characteristic (ROC) analysis was used to asses predictive 

utility of pre-race illness, with sensitivity, specificity, accuracy, and the diagnostic odds ratio 

(OR) also calculated. To analyze the in-race assessment of feelings from the “sleep and 

symptoms tracker”, the race was divided into three sections: day 1-4, day 5-8, day 9-finish. The 

median scores of how the mushers felt between the “healthy” and “sick” were compared using 

the Mann-Whitney U test for each third of the race. The significance level for all tests was 

accepted as p <0.05. All statistics were performed using SPSS statistics for Windows, Version 

21.0 (IBM Corp., Armonk, NY, USA). 

Results 

Of the fourteen mushers, eight completed all 1000 miles of the race. Four mushers 

dropped out due to sick dog teams, one musher was pulled from the race because he was too far 

behind, and one musher was severely sick and decided it was unwise to continue the race. The 

other eight mushers finished the race within ten to fifteen days from the start on 8 March 2020. 

Complete data sets were obtained from five of the mushers (see Table 1 below).  

One additional research question was added to this study a posteriori based on an 

observation in the collected data. Many of the mushers who displayed URS during the race 

indicated in their pre-race JCCQ that they had experienced an illness in the month leading up to 
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the race. This led to the investigation of whether pre-race illness influenced the likelihood of 

onset of URS during the race.   

 

Variable measured When was data 

collected  

Number of participants 

with data 

Mean ± Standard 

Deviation  

Trait anxiety (STAI) Pre-race. One month 

before race start 

n=10 33.5 ± 6.04 

Resilience (Brief resilience 

scale) 

Pre-race. One month 

before race start 

n=10 3.78 ± .57 

Personality (Ten Item 

Personality measure)  

Pre-race. One month 

before race start 

n=10 *See Table 2 and Table 3 

below 

State Anxiety (STAI) Day before the race 

start 

n=11 39.5 ± 10.7 

Perceived Stress (Perceived 

Stress Scale)  

Day before the race 

start 

n=9 27.2 ± 3.6 

URS in month before race 

(JCCQ)  

Day before the race 

start 

n=12 YES: n =6; Symptom 

score=6.5±5.2, 
Duration=4±1 day                 

NO: n =6 
 

Symptoms that occurred 

during race (in-race 

sleep/symptom booklet) 

Post-race n=10 Qualitative Reports 

 

YES: n =3 

NO: n =7  

Number of hours of sleep per 

day on trail  

Post-race  n=9 3.68 ±1.27 hours 

Table 1-Scores for each variable measured is reported as Mean ± Standard Deviation. Table shows when the data 

was collected, how many participants completed each questionnaire, and average scores for each questionnaire. 

Score units are unique to each questionnaire- see study design section for details.  
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Figure 1- A) and B) are measures of state and trait anxiety in participants before the race. STAI form Y1 and Y2 was 
scored and respondents were categorized into low (≤ 36), moderate (37-47), and high (≥ 48) state and trait anxiety 
(Barnes et al., 2002). C) Measures of Resilience in participants before the race. The Brief Resilience Scale was 
scored and respondents where categorized into low (1.00-2.99), normal (3.00-4.30) and high (4.31-5.00) resilience. 
D) Measure of stress in participants in the month leading up to the race. The Perceived Stress Scale was scored and 
respondents were categorized into low (0-13), moderate (14-26), and high (27-40) stress. 

Stable characteristics and pre-race illness  

80% of mushers reported low trait anxiety on the STAI-Y2 (Figure 1B). Nine mushers 

completed both the STAI-Y2 and the JCCQ pre-race. Mushers who reported pre-race illness 

(M=32.2 ± 5.8) did not have higher trait anxiety then mushers who remained healthy pre-race 

(M= 34.8± 6.7; t(8) = -0.66, p = 0.53; Cohens d=.41).  

 80% of mushers reported normal levels of resilience, while only 10% reported low 

resilience and 10% reported high resilience (Figure 1C). Ten mushers completed both the BRS 

and the JCCQ pre-race. Mushers who reported pre-race illness (M=3.9±0.6) did not have a lower 

resilience score then mushers who remained healthy pre-race (M=3.7 ± 0.5; t(8)= -.62, p=.55, 

Cohens d=.36).  

A) B) 

C) D)  
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Ten mushers completed the Ten Item Personality Inventory (TIPI) in the month leading 

up to the race. Male mushers (n=7) and female mushers (n=3) questionnaires were scored and 

analyzed (Gosling, 2014).  

Mushers Extraversion  Agreeableness  Conscientiousness Emotional Stability  Openness 

Males 5.2±.98 5.4 ±.53 5 ±.11 5.6 ±0.65 5.0±0.30 

Females 4.8 ± .48 5.5 ± .25 4.5 ± .37 6.0 ± 1.1 5.5 ± .01 

Table 2- Results from the Ten Item Personality Inventory for male and female mushers. Scores are expressed as                                               

(Mean ± Standard Deviation) for the five personality traits assessed.  

 

 Female mushers remained healthy both pre-race and in-race. However, five male mushers 

reported pre-race illness and two male mushers reported in-race illness. Results from 

independent t-test between “sick” and “healthy” male mushers are reported below for both pre-

race (Table 3) and in-race (Table 4). The different scores for the five personality traits did not 

differ between who were ‘sick’ or ‘healthy’ pre-race.  

Pre-race: 

T-test (“sick” 

and “healthy”)  

Extraversion Agreeableness Conscientiousness Emotional 

Stability 

Openness 

t -2.6 -.26 -.99 -.23 -1.6 

df 5 5 5 5 5 

Sig. (2-tail) .048 .80 .36 .83 .16 

Lower CI -4.0 -2.7 -3.7 -2.4 -3.6 

Upper CI -.02 2.2 1.6 2 .79 

Table 3- Results from t-test for Pre-race illness between “sick” and “healthy” for male mushers.  

 

In-race: 

T-test (“sick” 

and “healthy”)  

Extraversion Agreeableness Conscientiousness Emotional 

Stability 

Openness 

t -.38 -2.6 -2.3 -1.3 -.5 

df 3 3 3 3 3 

Sig. (2-tail) .72 .07 .104 .27 .64 

Lower CI -3.8 -3.4 -5.1 -4.1 -4.8 

Upper CI 3 .32 .81 1.7 3.4 

Table 4- Results from t-test for In-race illness between “sick” and “healthy” for male mushers.  
 

Stable Characteristics and in-race illness   

 Eight mushers completed both the STAI-Y2 and the in-race sleep/symptom booklet. 

Mushers who developed in-race illness (M=28±5.6) did not have higher trait anxiety then 

mushers who remained healthy during the race (M=35.6±6.3; t(6) = 1.5, p = 0.18, Cohens 

d=1.27).   
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 Eight mushers completed both the BRS and the in-race sleep/symptom booklet. Mushers 

who reported in-race illness (M=4.4±0.8) did not have a lower resilience score then mushers that 

remained healthy during the race (M=3.6 ± 0.5; t(6)= -1.7, p=.13, Cohens d=1.2).  

 The different scores for the five personality traits did not influence whether or not male 

mushers reported in-race illness (Table 4).  

Transient characteristics and in-race illness  

 The average score for state anxiety of mushers (n=11) was (M= 39.5 ± 10.7), indicating 

that majority of the mushers experienced moderate state anxiety the day before the race (Figure 

1A). Nine mushers completed both the STAI-Y2 and returned the sleep and symptoms booklet. 

There was no significant difference between the state anxiety score between mushers who 

reported in-race illness (M=47± 15.9) and mushers who remained healthy throughout the race 

(M=40.1± 4.7, t(2.1)= =-0.73, p=0.54, Cohens d=.58). Despite no significant difference, Cohen’s 

d effect size suggested a moderate difference in state anxiety, with mushers who reported in-race 

illness reporting higher state anxiety scores pre-race.  

  Most mushers had experienced high perceived stress in the month leading up to the race 

(M= 27.2 ± 3.6).  Six mushers completed both the PSS and returned the in-race sleep and 

symptom tracker. There was a not a significant difference in PSS scores between mushers who 

developed in-race illness (M=27.3 ± 4.9) and mushers who remained healthy during the race 

(M=27 ± 4, (t(4)= -.091, p=0.93, Cohens d=.07).  

Pre-race illness and its influence on the likelihood of developing in-race illness  

 Nine mushers (n=9) completed both the pre-race JCCQ before the race start and returned 

the sleep/symptom tracker at the end of the race indicating if they had experienced URS during 

the race. Five mushers remained healthy and did not report any URS symptoms pre-race or in-

race. Out of the four mushers that reported URS symptoms, three mushers experienced URS 

symptoms in both the month leading up to the race, and then during the race. One musher 

experienced URS in the month before the race but remained healthy during the race (figure 2). 

 Pre-race illness was not a significant predictor of developing an illness during the race 
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(B= 0.5; 95% CI:-0.27, 1.27, p=0.2). The odds ratio nevertheless points to a positive (but not 

significant) association between pre-race illness severity and in-race illness; a one-unit increase 

in JCCQ severity increased the likelihood of reporting in-race illness by 1.65 times (95% CI: 

0.76, 3.58). Follow-up AUC-ROC analysis showed good predictive power for the model within 

the existing data with >= 1 as a cut-off for the pre-race JCCQ score (sensitivity, 1.0; specificity, 

.83; accuracy, .89). 

Figure 2- Calendar months of February and March and when mushers developed symptoms before and during the 

race. The colored arrows represent the musher experiencing URS and the length of the arrow the duration of URS 

symptoms in days. Each musher has a separate color and corresponding arrow to show when the illness started and 

ended. The Iditarod race start was on 8 March 2020.  

In-race variables and the development of in-race illness 

Nine mushers wrote down how they were feeling (1= ‘really bad’ to 5= ‘excellent’) in 

their “sleep and symptoms tracker” every 24 hours during the race. A Mann-Whitney U test 

indicated that there was no difference in how “healthy” and “sick” mushers felt during the first 

part (days 1-4) of the race (Mdn: Healthy=4.0, Sick=4.0), U=6.0, p=.54. Similarly, there was no 

difference between how “healthy” and “sick” mushers felt during the second (days 5-8) part of 

the race (Mdn: Healthy=4.0, Sick=3.0), U=2.0, p=.09), and no difference in the last (days 9-

finish) part of the race (Mdn: Healthy=4.0, Sick=4.0), U=7.0, p=.71.  
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Ten mushers were able to keep track of how many hours of sleep they accumulated per 

24 hours (Figure 3). Out of the ten mushers, six mushers finished the race while the remaining 

four dropped out of the race for various reasons. Mushers who finished the race were on the trail 

for an average of 11 days (M=11.3± 2.4 days). In one day of the race (24 hours), mushers 

averaged less than four hours of sleep (M=3.9 ±1.2 hours). Mushers that finished within 1 day 

from the winner averaged less than two hours of sleep per day while mushers that finished within 

3 days from the winner averaged as much as five hours of sleep per day.  

The number of hours of sleep per day was higher in mushers who developed in-race 

illness; the three mushers who developed in race illness slept for approximately 5 hours per day 

(M =5.3±0.7) while mushers that remained healthy during the race slept for approximately 3 

hours per day (M =3.34±0.8; t(4.5)= -3.8, p=.02, Cohens d=2.6). Mushers that reported in-race 

illness slept for almost 1 hour longer on days that they were experiencing the illness compared to 

the days leading up to the illness when they were healthy (hours of sleep during illness days; 

M=5.9±1.4 hours, hours of sleep on days leading up to illness; M=4.8±.24) (Figure 4). The 

number of hours of sleep the that both “sick” and “healthy” mushers obtained during the race 

before the onset of illness was significantly higher in mushers that reported in-race illness (t(8)=-

3.0, p=.015 (CI: -2.6,-.38). Similarly, the number of hours of sleep that “sick” and “healthy” 

mushers obtained during the race and during the illness was also significantly higher in mushers 

that reported in-race illness (t(8)=-3.79, p=.005 (CI: -4.1,-1.01)).         
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Figure 4- Number of hours mushers slept per day (24 hours) of the Iditarod race. Red line indicates mushers that 

experienced in-race illness. Black line indicates mushers that remained healthy throughout the race.  

 

Figure 5-Bar chart of the number of hours that mushers slept during the Iditarod. Red indicates mushers that 

experienced in race illness and black indicates mushers that remained healthy throughout the race. *, p<0.05. The 

group that experienced in-race illness is further divided into “pre-illness” or the number of hours they slept in the 

days leading up to the illness, and “during illness”, the number of hours they slept per day while they had the illness. 
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Discussion  

 The aim of this study was to investigate if whether stable characteristics (including trait 

anxiety, resilience and personality) and acute stress (including state anxiety, perceived stress, and 

sleep deprivation) had an influence on the onset of URS during the Iditarod Sled dog race. 

The findings do not support the hypothesis that mushers who reported high levels of trait and/or 

state anxiety, low resilience, high perceived stress, and/or extreme sleep deprivation would be 

more likely to experience URS symptoms during the Iditarod race. The level of trait anxiety and 

resilience, nor personality traits influenced whether a musher experienced in-race illness. 

Further, pre-race state anxiety and mushers perceived level of stress did not influence the onset 

of in-race illness. Mushers varied in the number of hours they slept per day which proved to be 

significant in whether or not they developed in-race illness, however it was not mushers who 

were extremely sleep-deprived that developed URS in-race. Mushers who did develop in-race 

illness slept more hours during and after their illness compared to before the onset of the illness 

which increased their average hours of sleep per day. Although there are no findings that support 

our hypothesis, there were several interesting observations that came from the obtained data.  

 Mushers are a resilient group of people and this sample of mushers averaged slightly 

higher levels of resilience (M =3.78) then a population sample of 844 healthy and diseased 

people (M=3.70) (Smith et al., 2013). In order to run a race as challenging as the Iditarod, 

mushers need to be resilient and able to adapt to stress, thrive in the face of adversity, and resist 

illness (Smith et al., 2008).  

 There were personality traits that mushers had in common, making them rather unique 

compared to a population norm (Gosling, 2014). Male mushers (n=7) reported higher than 

average scores than the male norm for extraversion, agreeableness, conscientiousness, and 

emotional stability, and a lower than average score then the male norm for openness. Female 

mushers (n=3) reported higher than average scores than the female norm on extraversion, 

agreeableness, emotional stability and openness, and a lower than average score then the female 

norm on conscientiousness.  

Both male and female mushers reported higher than average scores for extraversion and 

emotional stability.  In a study that investigated personality profiles of alpinists, mountaineers, 

and other sportsmen who engaged in high physical risk sports, it was found that participants 

shared the personality characteristics of extraversion, emotional stability, conformity to social 
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norms, thrill and experience seeking (Freixanet, 1991). Dog mushing could also be considered a 

high physical risk sport so it is not surprising that both male and female dog mushers had higher 

than average scores for both extraversion and emotional stability. However, due to a low sample 

size of mushers who reported personality traits these commonalities could have occurred by 

chance. 

In the month leading up to the Iditarod, almost half (44%) of the mushers indicated on 

their JCCQ that they had experienced an illness, and the majority of the mushers reported high 

stress during that month. Many studies in past years have reported an increase in URS symptoms 

in athletes during periods of intense and heavy training and competition (Walsh, 2018). The 

month before Iditarod involves numerous potential stressors for mushers as they make final 

decisions about what dogs they will take or leave behind, keep up with training and other 

preparations, plus perfect their race plan and strategies given predicted weather forecast. Several 

mushers traveled from Montana, Wisconsin and Minnesota up to Alaska with their dogs-an 

added source of stress. On top of all of that, there is media and a fan base to attend to online and 

in person as the excitement around the race heightens (Sherwonit, 1991). It is no wonder 

mushers report high stress. Recent studies have demonstrated that risk factors for athletes 

developing URS include intensified winter training, long-haul travel, low energy availability, 

high levels of psychological stress and anxiety, and, depression (Walsh, 2018). Iditarod mushers 

experience many of these risk factors in the month leading up to the race which could also 

explain why almost half of the participants experienced an illness in the month before the race.  

The fact that 75% of the mushers who experienced in-race illness had also experienced an 

illness in the month leading up to the race was an interesting observation. Viruses can go into a 

“latent” or dormant phase in which they are not actively replicating yet it remains in the host cell. 

This virus can be reactivated if provoked by certain internal or external stimuli (Traylen et al., 

2011). Although this study did not identify or measure the occurrences of a specific strain of 

virus or bacteria, future studies could look into viral reactivation in mushers during the race to 

investigate whether the same strain of virus recurred during the race as participants were infected 

with before the race. However, this would be difficult to do as the researcher would need to be at 

the right checkpoint to take a swab when mushers get ill. Further, the study could look into how 

specific viruses respond to different forms of stress (e.g.-lack of sleep), and what type of external 

stimuli could trigger this reactivation (e.g.- extremely cold temperatures).  
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 It has also been demonstrated that physical activity and exposure to environmental 

stressors such as heat, cold and high altitudes can modify components of immune function. Light 

physical activity or a moderate level of environmental stress can stimulate the immune response, 

but a combination of exhausting physical activity and severe environmental stress can have an 

additive effect inducing immunodepression and an increase risk of viral infections (Shepard, 

1998). This year’s Iditarod challenged mushers with extreme temperatures ranging from -46C to 

8C, so it is almost inevitable that some mushers may become sick during the race. This year’s 

participant pool remained fairly healthy, however, it is important to keep in mind that this study 

had a relatively small sample size of mushers. If all 57 mushers had signed up to participate in 

the study, we would have most likely seen more cases of in-race illness.  

 On the sleep and symptom tracker, most mushers noted down when they took their 

required 24 hour break on the trail. It was notable that the mushers who experienced in-race 

illness developed URS symptoms once they had taken longer than average times to rest. In all 

three cases of in-race illness, mushers developed symptoms after they had taken their required 24 

hour break, or very soon after finishing the race. This phenomenon, that people tend to get sick 

once their body has a chance to relax or a stressor is removed has been studied by Van Heck and 

Vingerhoets who noticed that some people develop symptoms and feel ill during weekends and 

vacations-a time that is generally associated with relaxation and well-being (Van Heck and 

Vingerhoets, 2007). They coined this phenomenon “leisure sickness”. One possible 

physiological explanation for this is that there could be too fast a changeover from activation to 

rest which could negatively impact health. They argue that when the external load (work or 

activation) suddenly stops when one is at rest, it results in a situation of being physiologically off 

balance that is accompanied by an increased susceptibility to illness as the body fails to inhibit 

the counterpressure in time (Van Heck and Vingerhoets, 2007). A similar effect was observed in 

research with monkeys: not during, but especially after a stressful episode the monkey would 

suffer from ulcers and gastric problems (Mason et al., 1961). 

 Other research that examined chronic and acute immune responses to heavy and 

moderate exercise has found that endurance athletes are at increased risks of developing URS in 

the 1-2 weeks following a marathon-type race event (Nieman, 1997). Several researchers have 

found that after periods of intense and heavy training, neutrophil function is diminished, and 

several components of the immune system appear to have suppressed function for several hours. 
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This 3-12 hour time period after prolonged endurance exercise when the risk of upper respiratory 

tract infection is elevated has been called the “open window” (Nieman, 1997). One possibility is 

that when mushers take their 24 hour break, it allows enough time for the body to rest and the 

risk of contracting an illness is elevated due to the “open window” effect.  It is also important to 

note that some mushers take their required 24 hour break at checkpoints where they are exposed 

to other mushers, volunteers, and locals who live in the villages who could be the carriers of a 

virus or other illness-causing pathogens. It would be an interesting follow up study to research 

where and when mushers take their 24 hours break, and if it influences the development of in-

race illness. From this, recommendations could be made on the best precautionary measures to 

avoid in-race illness.  

 It was significant that mushers who remained healthy averaged less hours of sleep per 

day than mushers who reported in-race illness. This is contrary to what previous studies have 

found, as chronic sleep deprivation has been known to negatively impact immune function 

(Faraut, 2012). It would be logical that participants who averaged less hours of sleep per day 

would be more likely to develop in-race illness. However, it is important to note that mushers 

who developed in-race illness slept more hours during their illness compared to the hours of 

sleep per day before the illness occurred. This raised their average number of hours of sleep per 

day-arguably because there is an increased need for sleep when one is ill (Toda et al., 2019). The 

relationship between immunity and sleep in humans is complex and the data suggests that 

duration of sleep deprivation affects cellular immunity and cytokine function, yet the exact 

mechanisms and clinical implications are still being discovered (Kamdar et al., 2012).   

 Previous studies have investigated how sleep deprivation impacts health, mood, and 

cognitive function. One study looked at sleep deprivation of mushers during Europe’s longest 

sled dog race (Finnmarksloppet) and found that similar to Iditarod, participants slept for about 3-

4 hours per day. The study also mentioned that health concerns may derive from the non-

physiological sleep-wake patterns that mushers have during and after the race (Calogiuri, 2017). 

Sleep deprivation has also been studied in relation to athletes, and researchers are still working 

hard to uncover how sleep disturbance influences the immune response to exercise. One study 

found that participants who slept <6 hours per night, and those with <92% sleep efficiency, had 

an increase of 4-5 times of developing a common-cold after intra-nasal inoculation with 

rhinovirus (Prather et al., 2015). It is also of great importance in these studies to distinguish 
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between the effects of acute (one night disturbed sleep) and chronic sleep disturbance (many 

nights of disrupted sleep -such as in the Iditarod Sled dog race). These and other findings on 

optimal sleep during the race may prove beneficial to Iditarod mushers. For example, a recent 

study found that individuals can develop resilience to subjective fatiguing when sleeping less 

than 4 hours per night during the work week and then sleeping 8 hours per night on the weekend 

to catch up (Simpson et al., 2016). With findings like these, mushers may consider incorporating 

“sleep training” in the months leading up to the race to mimic sleep patterns experienced during 

the race. However, on a note of caution, the authors of this study emphasized that this form of 

sleep restriction could come at a cost to long-term health. After only 3 weeks, they observed 

activation of physiological stress systems and altered inflammation consisting of an irregular 24-

hour cortisol rhythm, and increased cortisol sensitivity in monocytes (Simpson et al., 2016). 

Before training strategies can be recommended, more research on the impact of sleep deprivation 

on long term health is needed.  

 

Limitations and recommendations for future research 

 An important limitation of this study is the small sample size, which may have influenced 

the statistics. It was unfortunate that due to low participation in the study, the statistical power 

was low and possibly led to type 1 or type 2 error. We would have most likely seen more 

statistical significance had there been more participants. Moreover, not all participants were able 

to respond to all assessments which led to incomplete data sets. Collecting some of the data 

(STAI-Y1, PSS, JCCQ) in person was harder than expected as one researcher was trying to meet 

with all mushers in a very short period of time when they are also attending to media, fans, and 

preparing their dog teams. This made it very challenging for the mushers to focus on completing 

the questionnaires. Better planning, coordination, and more researchers available for data 

collection could have led to higher completion rates for the various assessments. There were also 

unexpected challenges that occurred during the study- the largest one being the outbreak of 

Covid-19. The restrictions on travel due to the virus made it impossible to administer the post-

race JCCQ and led to some lost sleep and symptoms trackers. This loss in data was unfortunate 

as we did have pre-race measurements for mushers that were not included in final analysis due to 

lost post-race data. Future researchers could find better methods to recruit participants- for 

example attending the both the “rookie” meeting in December, and the musher meeting before 
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the race in order to give mushers better understanding of what the study entails. A designated 

time slot built into the musher meeting where participants could complete the questionnaires in 

one space instead of trying to meet with them 1-on-1 would make data collection more 

manageable. If possible, a financial incentive would also attract more attention from the mushers.  

 Future studies could repeat a similar study with a larger sample size. Other interesting 

research questions to be answered surround viral reactivation and could include swabs for 

pathogen identification to determine the likelihood of mushers developing in-race illness if they 

had experienced an illness in the month leading up to the race. Future research could identify the 

exact time points of when mushers develop in-race illness to see if it can be traced back to where 

they take their 24 hours break where they may be exposed to other mushers, volunteers and 

villagers. Lastly, a more accurate measure of the sleep-wake cycle could be beneficial. The 

Thermochron iButton has been known to be a non-invasive method of determining the sleep-

wake cycle. The button is attached to the skin and takes frequent samples of distal skin 

temperature which is indirectly related to core body temperature and gives us insight into 

circadian rhythm. As core body temperature decreases, heat dissipates out to the distal blood 

vessels and skin which leads to an increase in distal skin temperature and relaxation and 

sleepiness is induced. In the morning hours, an increase in core body temperature prepares the 

body for awakening activities (Someren, 2004). 

Conclusion 

 The Iditarod Trail sled dog race presents an excellent opportunity to study how physical 

and psychological stress (anxiety, perceived stress, and sleep deprivation) influence the body, 

particularly the immune system during a multi-day endurance event. A field study of this nature 

has not been done for 16 years with Iditarod mushers. Stable characteristics such as trait anxiety, 

level of resilience and personality traits did not make a difference in whether mushers reported 

URS during the race. Further, transient characteristics such as level of state anxiety and 

perceived stress did not influence whether the musher developed URS during the race. Pre-race 

illness was not a significant predictor of developing URS during the race, however the odds ratio 

pointed to a positive (but not significant) association between pre-race illness severity and in race 

illness. There was no difference in how “healthy” and “sick” mushers felt during the first (days 

1-4), second (days 5-8) or last (days 9-finish) parts of the race. The amount of sleep that mushers 

obtained per 24 hours was higher in mushers who reported in-race illness, however one has to 
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consider that mushers who did develop in-race illness slept longer on the days they were ill 

which raised their average hours of sleep per day. Although the results are inconclusive due to a 

low sample size, other researchers should not lose hope as this is a unique population of 

endurance athletes where there is potential to study unique aspects of the physical and 

psychological effects of sleeplessness, prolonged cold exposure and its effects on the immune 

system, and the physical and psychological demands of competing in one of the most 

challenging environments on the planet.   
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