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ABSTRACT 

 

BACKGROUND: Exercise associated collapse (EAC) is a common medical encounter at 

distance running events. Risk factors associated with EAC are not well documented. The 

objective is to determine the overall incidence of EAC and identify risk factors associated 

with EAC in 21.1km and 56km runners.  

METHODS: A cross-sectional analysis of 153208 race starters from the Two Oceans 

Marathon races (2008-2015). All EACs on race day were documented by medical staff. Risk 

factors associated with EAC investigated included demographics, race distance (21.1km vs. 

56km), running speed, race experience and race day environmental data (wet-bulb globe 

temperature [WBGT], humidity, wind speed). Incidence (per 1000 starters; 95%CIs) and 

incidence ratios (95%CIs) were calculated.  

RESULTS: The overall incidence of EAC was 1.50 (95% CI 1.31-1.71). Longer race distance 

(IR: 2.1; 1.6-2.7; p<0.0001) and slower running speed (IR: 1.3; 1.1-1.5; p=0.0017) were 

significant risk factors associated with EAC. The incidence of EAC was higher in female vs. 

male 21.1km race starters (IR=2.25; 1.47-3.46; p=0.0229). Age and environmental conditions 

were not associated with EAC (p>0.05) in a cool and temperate environment.  

CONCLUSIONS: About 1 in 667 race starters (21.1km and 56km) develop EAC. Longer 

race distance, slower running speed and female sex (in 21.1km starters) are significant risk 

factors associated with EAC. Race medical directors can identify race entrants that may be at 

risk of developing EAC, develop prevention strategies and better prepare medical care at 

these events. 
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Introduction 

Non-communicable diseases (NCDs) are a leading cause of mortality worldwide 1. The 

beneficial effects of a healthy lifestyle, including regular exercise, on the treatment and 

prevention of NCDs have been well researched and proven 2-4.  Distance running is a 

practical, accessible and popular way to maintain a healthy lifestyle. Running has seen an 

increase in the number of participants in mass community-based participation running events 

over the past ten years 5 6. These running events range in distance from 5km to ultra-

marathon events. 

 

Distance running can also be associated with an increased risk of medical complications 

(exercise paradox) 7-9. There has been an increase in minor, moderate and serious medical 

encounters reported at mass community-based participation running events 10 11. Serious or 

life-threatening encounters are relatively rare, occurring at an incidence of 0.6-1.9 per 100 

000 race starters and include death and sudden cardiac arrest 12.  

 

A common moderate medical encounter in distance running events is Exercise associated 

collapse (EAC) 11,13-15. EAC is a clinical syndrome characterised by an inability to stand or 

walk unaided because of dizziness, light-headedness, syncope or presyncope after the 

cessation of intense exercise 14,16. The aetiology of EAC is multifactorial but the main 

pathophysiological mechanism is thought to be an abrupt decrease in venous return when the 

lower limb muscles (muscle pump) cease rhythmic contraction 17. This transient postural 

hypotension is associated with impaired baroreflexes immediately following cessation of 

exercise 14-15,18. EAC is a clinical diagnosis and has been adopted as the term to describe all 

cases of collapse, even those with no identifiable cause 17,19. The reported incidence of EAC 

in distance running races varies from 1.5 per 1000 starting runners in half marathons to a 
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higher rate of 11 per 1000 in marathon runners 13,15. Whilst the populations and environments 

(one in Europe and the other in the USA) differed greatly 13,15, these two studies illustrate the 

large discrepancies in the reported incidence of EAC in distance running events.  

 

Risk factors associated with EAC have also not been well documented. Previous studies have 

found that race duration and increased environmental temperature 20 is associated with an 

increased risk of developing EAC 17. Other risk factors such as runner experience, and faster 

running pace have also been reported in the literature 16. 

 

The aim of this study was to determine the incidence of EAC in 21.1km and 56km runners 

and to explore risk factors that may be associated with EAC in distance runners. This 

information would assist race day medical teams and race organisers to predict runners that 

would be at risk of developing EAC.  

 

Materials and methods 

Study Design 

This study was a cross-sectional analysis of data collected over 8 years, from 2008-2015. 

 

Setting 

The Two Oceans Marathon races are a 21.1km and a 56km race held in Cape-Town, South 

Africa. The 21.1km race is open to all runners 16 years and older on the day of the event, and 

entry does not require a qualifying time. The 56km race requires entrants to complete a pre-

qualifying 42km race in under 5 hours and be 20 years or older on the day of the event. 
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Participants and Data Collection 

This study is part of the ongoing SAFER (Strategies to reduce Adverse medical events For 

the ExerciseR) series 21. Study participants were race starters for either the 21.1km or the 

56km race across 8 annual races from 2008–2015. The data for this study were obtained 

from: 1) race entrant data, 2) race day medical encounter data, and 3) race day data including 

environmental data on the day of the event.  

 

Race entrant data included demographic details of the athlete (sex, age group, race distance 

entered, running experience). Running experience was reported as previous running 

experience in the Two Oceans (<1, 2–4, >5 previous medals). Medical encounter data were 

collected by the medical team working at the event. The race day medical team consisted of 

physicians and physical therapists. Medical team members were present on the race route and 

at a medical and physical therapy facility at the finish line. Athletes who presented for 

medical care during the event or at the finish line were triaged and either admitted to the 

onsite facility for further management or transferred to the closest hospital. A medical 

encounter was defined as "any runner who required medical care on race day that was severe 

enough to warrant a medical assessment by a doctor, either in the medical facility at the end 

of the race, on the route at the medical stations or one of the referral hospitals” 22. Further 

details regarding the collection of medical encounter data on race day have been described 23. 

For this study, only encounters diagnosed by the medical team as EACs were analysed. The 

inclusion criteria for an EAC was a confimed clinical diagnosis made by the attending 

physician, and defined as the “inability to stand or walk unaided because of dizziness, light-

headedness, syncope or presyncope after the cessation of intense exercise”. Other causes of 

serious life-threatening medical encounters with a confirmed diagnosis were not included 
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(e.g. cardiac arrests, exterional heatstroke and hyponateamia). EAC encounters were 

recorded, coded, and entered into a database.  

 

Race day data were obtained from the race organisers and included starting and finishing 

times to calculate the average running speed for each runner. Data regarding the 

environmental conditions from 6:00 until 12:00 on race day of each year, including the 

temperature, humidity, rainfall, cloud cover and wind speed, were obtained from one weather 

station from the South African Weather Services database. The Wet-Bulb Globe Temperature 

(WBGT) index was also included in this dataset. For analysis, the weather data were 

classified as either “high” (H) or “low” (L) based on the following criteria: WBGT: H>15.2, 

L<15.2, Wind speed: H>7, L<7 and Relative Humidity: H>80%, L<80%. 

 

Ethical clearance for the ongoing data collection and subsequent analysis was received from 

the Research Ethics Committee of the University of Pretoria (REC 433/2015) and the 

Research Ethics Committee of the University of Cape Town (REC 009/2011). 

 

Outcome Measures and Risk Factors 

The incidence of EAC was reported as an incidence per 1000 race starters over the 8 years. 

Risk factors associated with EAC that were explored included: 

- Race distance (21km and 56km) 

- Individual runner characteristics (sex, age group, running speed, running experience) 

- Environmental conditions (WBGT, wind speed, humidity) 
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Statistical Analysis 

Data collected during the study period from 2008 to 2015 were entered into an Excel 

spreadsheet (Microsoft 2010) and then analyzed using the SAS 9.3 statistical program (SAS 

Institute Inc, Cary, North Carolina, USA). Statistical analyses included a Poisson regression 

model with a robust error estimator (log link function). During the 8-year period runners 

could participate in the races more than once, resulting in correlated data. An unstructured 

correlation matrix was used to account for the correlated structure of the data. Incidence, 

incidence rate (IR) and 95% confidence intervals are reported throughout, and the statistical 

significance level was 5% throughout. 

 

Table 1: The demographics of all race starters (n=153208) over the 8-year period (by sex, age group and 
year of participation) (n; %) 
 

Sex 
Age 
group 
(years) 

2008 2009 2010 2011 2012 2013 2014 2015 Total 

Males 

All 
10142 
(100) 

10596 
(100) 

10708 
(100)

9580 
(100)

12612 
(100)

13204 
(100)

12403 
(100) 

12793 
(100) 

92038 
(100)

 30 
2600 
(25.6) 

2850 
(26.9) 

2560 
(23.9)

2397 
(25.0)

3194 
(25.3)

3361 
(25.5)

2600 
(21.0) 

2584 
(20.2) 

22146 
(24.1)

31-40 
3059 
(30.2) 

3124 
(29.5) 

3275 
(30.6)

3006 
(31.4)

3938 
(31.2)

4186 
(31.7)

3958 
(31.9) 

4167 
(32.6) 

28713 
(31.2)

41-50 
2754 
(27.2) 

2727 
(25.7) 

2896 
(27.0)

2455 
(25.6)

3215 
(25.5)

3283 
(24.9)

3406 
(27.5) 

3534 
(27.6) 

24271 
(26.4)

> 50 
1729 
(17.0) 

1895 
(17.9) 

1977 
(18.5)

1722 
(18.0)

2265 
(18.0)

2373 
(18.0)

2439 
(19.7) 

2508 
(19.6) 

16908 
(18.4)

Females 

All 
5600 
(100) 

6248 
(100) 

6650 
(100)

6341 
(100)

8628 
(100)

9151 
(100)

8857 
(100) 

9695 
(100) 

61170 
(100)

 30 
1691 
(30.2) 

2105 
(33.7) 

2192 
(33.0)

2166 
(34.2)

2932 
(34.0)

2957 
(32.3)

2529 
(28.6) 

2579 
(26.6) 

19151 
(31.3)

31-40 
1803 
(32.2) 

1909 
(30.6) 

2063 
(31.0)

1992 
(31.4)

2693 
(31.2)

2944 
(32.2)

2922 
(33.0) 

3315 
(34.2) 

19641 
(32.1)

41-50 
1453 
(25.9) 

1574 
(25.2) 

1657 
(24.9)

1488 
(23.4)

2034 
(23.6)

2147 
(23.5)

2160 
(24.4) 

2460 
(25.4) 

14973 
(24.5)

> 50 
653 
(11.7) 

660 
(10.6) 

783 
(11.8)

695 
(11.0)

969 
(11.2)

1103 
(12.1)

1246 
(14.1) 

1341 
(13.8) 

7405 
(12.1)
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Results 

Demographics 

The demographics of all the race starters by sex, age group and year of participation in the 8-

year period are shown in Table 1. 

 

Over the 8-year period, there were 153 208 race starters. Of all the starters, 60% were male, 

and 40% were female. The majority of the female race starters were in the 31–40-year age 

group (32.1%), which was also the largest age group in males (31.2%). 

 

Environmental conditions on race day 

The average measure for the day for each environmental condition over the eight years are 

shown in Table 2.   

Table 2: Environmental conditions on each race day (mean; SD) 

Year  Wet-bulb globe 
temperature (WBGT) 

Wind speed (km/hr)  Relative humidity 
(%)  

2008  16.5 (2.4) (H) 9.6 (2.4) (H) 77 (8) (L) 
2009  15.4 (1.6) (H) 7.8 (1.0) (H) 83 (7) (H) 
2010  15.2 (1.4) (H) 3.5 (0.6) (L) 93 (3) (H) 
2011  13.5 (2.9) (L) 1.5 (1.3) (L) 87 (2) (H) 
2012  12.1 (0.7) (L) 6.9 (3.1) (L) 92 (4) (H) 
2013  18.4 (2.0) (H) 13.1 (0.7) (H) 78 (6) (L) 
2014  15.1 (1.6) (L) 9.6 (2.4) (H) 77 (8) (L) 
2015  13.4 (0.5) (L) 6.6 (0.9) (L) 83 (7) (H) 

H: Data on these years were included in “High” sub-group for the analysis  
L: Data on these years were included in “Low” sub-group for the analysis 
WBGT: H>15.2, L<15.2 
Wind speed: H>7, L<7 
Relative Humidity: H>80%, L<80% 
 

Environmental conditions varied over the years however had a very narrow range. The 

WBGT was highest in 2013 at 18.4 and lowest in 2012 at 12.1. The highest wind speeds were 

recorded in 2013 at 13.1km/hr, and relative humidity was highest in 2010 at 93%. The lowest 

wind speeds were recorded at 1.5km/hr in 2011 and the lowest relative humidity was 77% 

which was recorded in both 2008 and 2014. 
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Incidence of EAC and factors associated with EAC 

The overall incidence of EAC over the 8 years was 1.50 (95% CI 1.31-1.71) per 1000 race 

starters. The incidence of EAC in the race starters by race distance, sex, age group, running 

speed and experience is shown in Table 3.  

Table 3: The incidence (per 1000 race starters; 95%CI) of exercise associated collapse (EAC) in race 

starters by race distance, sex, age group, running speed and experience 

Runner 
characteristics 

Category n Incidence per 
1000 race starters 

(95%CI) 

IR (95%CI) p-value 

Race Distance 21.1km 98 1.06 (0.86-1.29)  <0.0001 

 56km 132 2.19 (1.83-2.61) 2.07(1.59-2.70)  

Sex Female 105 1.73 (1.42-2.10)  0.073 

 Male 125 1.35 (1.12-1.61) 0.78 (0.60-1.02) 

Age group (years) <30 54 1.30 (1.00-1.70)  0.2875 

 31-40 67 1.39 (1.09-1.77) 1.07 (0.75-1.52)  

 41-50 62 1.58 (1.23-2.03) 1.22 (0.84-1.75) 
 >50 47 1.92 (1.42-2.61) 1.48 (0.99-2.21) 
Running speed 
(km/h) * 

8.2 
- 

1.61 (1.36-1.92) 
1 unit increase: 

0.89 (0.79-1.01) 
0.0417 

 9.2 - 1.46 (1.27-1.67)   

 10.4 - 1.28 (1.05-1.55)   

Experience 1 148 1.35 (1.14-1.58)  0.0612 

 2 34 1.73 (1.24-2.42) 1.29 (0.89-1.86) 

 3 48 2.07 (1.54-2.79) 1.54 (1.10-2.16)  

IR: Incidence Ratio 
*Running speed is a continuous variable; the points represent the 1st quartile, median, 3rd quartile 
 
The incidence of EAC incidence was higher in the 56km compared to the 21.1km race 

starters (IR=2.1; p<0.0001). For all race starters, sex was not a significant risk factor 

associated with EAC. However, there was a significant interaction between race distance and 

sex (p=0.023); in 21.1km race starters there was a higher incidence of EAC in female race 

starters compared to males (IR=2.3; 95%CI 1.47-3.46, p=0.0002) which did not hold for the 

56km race (IR=1.2; 95%CI: 0.8-1.7, p=0.391). There was also a significant interaction 

between running speed and age, (p=0.012), which showed that older athletes (>50years) had 

a lower incidence at higher speeds (9.2km/hr vs 8.2km/hr, IR=0.5; 10.4km/hr vs 8.2km/hr, 
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IR=0.3; p=0.001). There was no significant interaction between race distance and running 

speed (p=0.5532). 

The association between selected environmental factors and the incidence of EAC is shown 

in Table 4. 

Table 4: The incidence (per 1000 race starters; 95%CIs) of exercise associated collapse (EAC) by 
categories of selected environmental factors (wet bulb globe temperature, wind speed and humidity)   
 

Environmental factors Category  
 

Incidence per 1000 race 
starters (95%CIs) 

p-value 

WBGT High 1.44 (1.18-1.75) 0.548 

 Low 1.55 (1.30-1.85)  
Wind speed (knots) High 1.63 (1.36-1.94) 0.193 

 Low 1.37 (1.13-1.66)  
Humidity (%) High 1.38 (1.16-1.64) 0.140 
 Low 1.68 (1.38-2.05)  

WBGT: Wet bulb globe temperature 

 
There was no significant difference in the incidence of EAC in race starters when exposed to 

high and low values for selected environmental conditions, although it must be noted that 

there was a very small range for these conditions.  

 

Discussion 

The aim of the study was to determine the incidence of EAC in 21.km and 56km runners and 

to explore risk factors that may be associated with EAC in distance runners. The overall 

incidence of EAC was 1.5 per 1000 starters and longer race distance and slower running 

speed were significant risk factors associated with EAC. In the 21.1km race distance, female 

sex was a significant risk factor associated with EAC. Environmental conditions were not 

significantly associated with a risk of EAC in our study.  

 

The overall incidence of 1.06 per 1000 starters in the half marathon (21.1km) race is lower 

compared to that documented in the Gothenburg half marathon (1.53 per 1000 starters) 15. 
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The difference between these two incidences could be attributed to differences in the 

inclusion criteria between these two studies. In the Gothenburg event, any medical collapse 

requiring admittance to the medical tent or picked up by the ambulance and not due to any 

specific cause was included and therefore more cases of EAC could have been included. The 

incidence of EAC in our 56km race starters (2.19 per 1000 starters) was significantly higher 

than in our 21.1km race starters, but lower than the incidence reported in a previous study on 

42.2km race entrants (11.5 per 1000 entrants, defined as collapses without an immediately 

identifiable medical condition) 13. Roberts et al.13 included the following diagnoses within the 

EAC classification “problems of dehydration, vasovagal syncope, orthostatic syncope, 

exhaustion, hyperthermia, and hypothermia”, this again differs from the definition in our 

study and would attribute to the differences between the findings. Our findings are in keeping 

with recent data showing that longer race distances are associated with a higher incidence of 

medical encounters, including EAC 17,24-25. Rhythmic skeletal muscle contraction in the lower 

limb ("second heart") is an increasingly important mechanism during more prolonged 

exercise (56km vs. 21.1km) to maintain central blood volume, facilitate cardiac output and 

maintain blood pressure 26. Therefore, EAC is more likely to occur on cessation of prolonged 

exercise when the inactive muscle pump results in diminished venous return and reduced 

cardiac output leading to symptomatic reduction in arterial pressure. In races of longer 

duration, this response can also be worsened by dehydration and exercise in the heat 27-29.  

 

Although sex was not associated with increased risk of EAC or PEH in previous studies 15,30-

31, we show that there was a significant interaction between race distance and sex. Female 

compared to male 21.1km race starters had a 2X higher incidence of EAC. This differs from 

the results reported in other 21.1km races where the incidence of EAC was similar in male 

and female runners 15,32, except for one study where females had almost a 3X higher 
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incidence compared to males (p=0.0394) 33. This may be explained by the differing 

hemodynamic mechanisms responsible for blood pressure reduction after exercise between 

the sexes and that females may be more vulnerable to orthostatic hypotension which can be 

exacerbated with cessation of exercise 30 34. However female sex as a possible risk factor for 

EAC in shorter race distances requires further investigation.  

 

Our finding that there is a higher incidence of EAC in slower runners is in contrast to 

previous reports that a slower running pace/speed is associated with a lower incidence of 

EAC 16,18,35. A slower running pace may indicate a poor level of fitness or less experience, 

and both these factors were previously reported as risk factors for EAC in endurance athletes 

25. In our study, less running experience was not significantly associated with a higher 

incidence of EAC but we noted a tendency (p=0.0612). In general, a slower running pace is 

also associated with longer race duration (56km vs. 21.1km distance) and more prolonged 

exercise is a risk factor for EAC 26. Previous literature has found that more experienced 

runners in both shorter and longer distances are less likely to present with medical encounters 

than runners with less experience 36-38. Although speculative, these data indicate that EAC 

may be associated with a combination of the following combination of internal risk factors in 

a distance runner: less running experience, slower running speeds, age and longer race 

distances. This hypothesis requires exploration in future studies where a multiple model can 

be applied in studies with a larger sample size of EAC.  

 

In previous studies, environmental risk factors (external risk factors) were associated with 

increased risk of EAC. Warmer weather was found to be a risk factor for EAC 17-18,24-25. In 

one study when temperatures ranged between 15–29°C, an increase of 1°C was associated 

with an increase in collapses requiring ambulance services 39. In a study at the Twin Cities 
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Marathon, warmer conditions and humidity contributed to 72% of the risk for moderate to 

severe EAC in runners. Additionally, the medical team is likely to care for a greater number 

of EAC runners in hotter weather 13. A possible explanation for the increased incidence of 

EAC in hotter weather is that a reduction in peripheral vascular resistance is worsened as 

vasodilation increases in response to heat 26,40. In our study, environmental conditions were 

not associated with increased risk of EAC. We suggest that the main reasons for our finding 

are a relatively narrow range of environmental conditions and the fact that the range for 

WBGT was consistently in the “low risk” category (cooler temperatures) 41.  

 

Strengths and Limitations 

To our knowledge, this is one of the first studies to identify risk factors of EAC in both a 

21.1km and an ultra-marathon race (56km). Other studies have focused on shorter (10km or 

21.1km) distances. All EACs were diagnosed by members of the race day medical team, and 

data were collected over several years, which allowed for a large sample size. The main 

limitation of the study is that it is a cross-sectional study and therefore causal relationships 

could not be identified. Additional limitations were that the diagnosis of EAC was a clinical 

diagnosis although we used a standardized definition of EAC and races did not take place in a 

range of environmental conditions (cooler to warmer), which limited our ability to relate 

environmental conditions to the risk of EAC. We also could not explore risk factors in a 

multiple model because of a small sample size and did not consider other internal runner-

related risk EAC factors such as chronic diseases, previous history of collapse and medication 

use. Future studies, using information from a comprehensive medical screening 

questionnaire, could assist with identifying these internal risk factors.  



14 
 

Conclusions 

EAC is a common cause of medical encounters in distance running events but there are little 

data on the risk factors associated with EAC. We showed that the incidence of EAC was 1.06 

per 1000 race starters (1 in 943) in 21.1km and 2.19 per 1000 race starters (1 in 457) in 56km, 

i.e. >2 times higher in the longer distance. A slower running speed and female sex (in 21.1km 

race starters) were associated with a higher risk of EAC. There was a tendency for less 

running experience to be associated with EAC risk. Environmental conditions in a narrow 

band within the “low risk” range were not associated with EAC. These data allow race 

medical directors to identify race entrants that may be at risk of developing EAC and 

implement prevention programs such as pre-race educational material that may reduce the 

incidence of EAC. Future studies should further investigate other internal and external risk 

factors that may be associated with EAC, using a multiple model in larger sample sizes of 

EAC. 
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