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Table S1: A summary of the main elements of the online medical screening questionnaire (Reproduced from reference [1]) 

 

Medical screening questionnaire – self-assessment of risk * 

1. Have you ever suffered from any heart or blood vessel conditions including heart attack, undiagnosed chest pain, coronary artery 

bypass operation, angioplasty (balloon), heart failure, heart transplant, cardiac arrhythmia (abnormal heart beat), rheumatic fever, 

heart murmur, cardiomyopathy, myocarditis, use of a pacemaker, or inherited heart defect?  

2. Do you currently suffer from any symptoms of heart or blood vessel disease, including any of the following: shortness of breath 

when sitting or lying down, shortness of breath with mild exercise, waking up with shortness of breath at night, palpitations that 

make you dizzy, chest pain when sitting or performing exercise or when you are emotionally stressed, pain (or discomfort) in the 

neck jaw arms at rest or during exercise, dizziness during exercise or fainting spells)?  

3. Are you aware or have you ever been diagnosed with any risk factors for heart or blood vessel disease including high blood 

cholesterol, a family member with heart disease, cigarette smoking, lack of physical activity, high blood pressure, being overweight, 

or having diabetes mellitus (sugar sickness)? 

4. Do you currently suffer from any metabolic or hormonal disease including diabetes mellitus thyroid gland disorders hypoglycemia 

(low blood sugar) hyperglycemia (high blood sugar), or heat intolerance? 

5. Do you suffer from any respiratory (lung) disease including asthma, emphysema (COPD), wheezing, cough, postnasal drip, hay 

fever, or repeated flu like illness? 

6. Do you suffer from any gastrointestinal disease including heartburn, nausea, vomiting, abdominal pain, weight loss or gain (> 5kg), 

a change in bowel habits, chronic diarrhea, blood in the stools, or past history of liver or gallbladder disease? 

7. Do you suffer from any diseases of the nervous system including past history of stroke or transient ischemic attack (TIA), frequent 

headaches, epilepsy, depression, anxiety attacks, muscle weakness, nerve tingling, loss of sensation, or chronic fatigue? 

8. Do you suffer from any disease of the kidney or bladder including past history of kidney or bladder disease, blood in the urine, loin 

pain, kidney stones, frequent urination, or burning during urination? 

9. Do you suffer from any disease of the blood or immune system including anemia, recurrent infections, HIV/AIDS, leukemia, or are 

you using any immunosuppressive medication? 

10. Do you suffer from any growths or cancer, including a past history of cancer? 

11. Do you suffer from any allergies including a past history of allergies, to medication, plant material, or animal material? 

12. At the moment do you use any prescribed medication on a daily weekly or monthly basis to treat chronic (long-term) medical 

conditions or injuries? 

13. Have you ever collapsed (fell down not because of an accident needing medical attention) during at the finish or after a race or 

training session? 

14. Do you, or did you suffer from any symptoms of a running injury (muscles tendons bones ligaments or joints) in the last 12 months? 

15. Have you ever in your running career suffered from muscle cramping (painful spontaneous sustained spasm of a muscle) during or 

immediately (within 6 hours) after running (in training or competition)? 
 

*: Once a participant answered “yes” to any of the main screening questions, further details were obtained using “dropdown” boxes with additional questions 
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Table S2: Risk categories, clinical categories, and criteria for risk stratification in distance runner entrants 

Risk category Clinical category Criteria for risk stratification 

Very high risk  Existing CVD or symptoms of 

CVD 

1. Any runner who answered “yes” to one (or more) of the following questions (below): 

 Have you ever suffered from any heart or blood vessel conditions including heart attack, 

undiagnosed chest pain, coronary artery bypass operation, angioplasty (balloon), heart failure, heart 

transplant, cardiac arrhythmia (abnormal heart beat), rheumatic fever, heart murmur, 

cardiomyopathy, myocarditis, use of a pacemaker, or inherited heart defect?  

 Do you use any prescribed medication on a daily weekly or monthly basis to treat heart rhythm, 

heart failure, or other heart disease? 

 Do you currently suffer from any symptoms of heart or blood vessel disease, including any of the 

following: shortness of breath when sitting or lying down, shortness of breath with mild exercise, 

waking up with shortness of breath at night, palpitations that make you dizzy, chest pain when 

sitting or performing exercise or when you are emotionally stressed, pain (or discomfort) in the 

neck jaw arms at rest or during exercise, dizziness during exercise or fainting spells)?  

High risk  Risk factors for CVD 1. Any male runner > 45 years or female runner >55 years, who answered “yes” to any one of the 

following questions (below): 

2. Any runner (other than male runners > 45 years or female runners >55 years) who answered “yes” to 

two or more of the following questions (below): 

 Are you aware or have you ever been diagnosed with any risk factors for heart or blood vessel 

disease including high blood cholesterol a family member with heart disease cigarette smoking lack 

of physical activity high blood pressure being overweight or having diabetes mellitus (sugar 

sickness)? 

 Do you use any prescribed medication on a daily weekly or monthly basis to treat high blood 

cholesterol, blood pressure, treat diabetes (tables or insulin)? 

Intermediate risk  One risk factors for CVD or 

existing other chronic disease or 

use of prescription medication or 

use of medication before and 

during races or history of 

collapse during training / racing 

or known current injury or 

history of EAMC 

1. Any male runner > 45 years OR female runner >55 years  

2. Any runner who answered “yes” to one of the components in the following question (below): 

 Are you aware or have you ever been diagnosed with any risk factors for heart or blood vessel 

disease including high blood cholesterol a family member with heart disease cigarette smoking lack 

of physical activity high blood pressure being overweight or having diabetes mellitus (sugar 

sickness)? 

3. Any runner who answered “yes” to one (or more) of the following questions (below): 

 Do you currently suffer from any metabolic or hormonal disease including diabetes mellitus thyroid 

gland disorders hypoglycemia (low blood sugar) hyperglycemia (high blood sugar) or heat 

intolerance? 

 Do you suffer from any respiratory (lung) disease including asthma emphysema (COPD) wheezing 

cough postnasal drip hay fever or repeated flu like illness? 
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 Do you suffer from any gastrointestinal disease including heartburn nausea vomiting abdominal 

pain weight loss or gain (> 5kg) a change in bowel habits chronic diarrhea blood in the stools or 

past history of liver or gallbladder disease? 

 Do you suffer from any diseases of the nervous system including past history of stroke or transient 

ischemic attack (TIA) frequent headaches epilepsy depression anxiety attacks muscle weakness 

nerve tingling loss of sensation or chronic fatigue? 

 Do you suffer from any disease of the kidney or bladder including past history of kidney or bladder 

disease blood in the urine loin pain kidney stones frequent urination or burning during urination? 

 Do you suffer from any disease of the blood or immune system including anemia recurrent 

infections HIV/AIDS leukemia or are you using any immunosuppressive medication? 

 Do you suffer from any growths or cancer including a past history of cancer? 

 Do you suffer from any allergies including a past history of allergies to medication plant material or 

animal material? 

 At the moment do you use any prescribed medication on a daily weekly or monthly basis to treat 

chronic (long-term) medical conditions or injuries? 

 Have you ever in your running career used medicines to treat injuries in the week before a race - 

including anti-inflammatory drugs cortisone (pills or injection) or painkillers? 

 Have you ever in your running career used medicines to treat injuries during a race - including anti-

inflammatory drugs cortisone (pills or injection) or pain killer? 

 Do you, or did you suffer from any symptoms of a running injury (muscles tendons bones ligaments 

or joints) in the last 12 months? 

 Have you ever collapsed (fell down not because of an accident needing medical attention) during at 

the finish or after a race or training session? 

 Have you ever in your running career suffered from muscle cramping (painful spontaneous 

sustained spasm of a muscle) during or immediately (within 6 hours) after running (in training or 

competition)? 

Low risk  No reported medical history 1. Any runner who answered “no” to all the medical screening questions  

 

CVD: Cardiovascular Disease 

EAMC: Exercise Associated Muscle Cramp 
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Table S3: Educational intervention program to reduce risk of medical encounters during exercise 

 

The educational intervention program consisted of an individually targeted education intervention program for the two higher risk categories, and a general educational 

intervention program for all runners.  

  

Type of educational 

intervention 

Risk category Timing of intervention Content Method of delivery 

Individually targeted Very high risk  On completion of the 

medical screening 

questionnaire 3-4 months 

before the race 

 General explanatory information on why the 

email was sent 

 Educational information about exercise related to 

the specific very high-risk medical condition  

 Advice to seek medical clearance before the race 

(based on the EACPR guidelines [2, 3])  

 Information about the likely components of the 

medical assessment and investigations that the 

physician could perform 

 Personalized email 

High risk *  On completion of the 

medical screening 

questionnaire 3-4 months 

before the race 

 General explanatory information on why the 

email was sent 

 Educational information about exercise related to 

the specific high-risk medical condition  

 Advice to seek medical clearance before the race 

(based on the EACPR guidelines [2, 3])  

 Information about the likely components of the 

medical assessment and investigations that the 

physician could perform 

 Personalized email 

General educational 

intervention 

All four risk 

categories 

(including low 

risk) 

Period 1: 6-8 weeks before 

the race  
 Content of this campaign was based on the data 

obtained on common medical complaints in the 

period 2008-2011 (Pre-intervention) [4] 

 Educational material with advice to prevent 

the following main medical conditions:  

o Risk of any medical complication 

o Exercise associated collapse 

o Exercise associated muscle cramping 

o Musculoskeletal injuries 

o Gastrointestinal distress 

o Skin complications 

 Weekly posts on a 

dedicated medical 

section of the official 

race website 

 Email notification to 

all runners to visit the 

website 
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Period 2: 3-5 days before the 

race 
 Anticipated weather conditions (cold, neutral, or 

heat)  

 Advice on hydration (based on weather 

conditions) 

 Advice on running with symptoms of acute 

illness 

 Weekly posts on a 

dedicated medical 

section of the official 

race website 

 Email notification to 

all runners to visit the 

website 

 

*: In 2012, permission was given by the race organizers that only runners in the “very high-risk” runners could be contacted by email. However, in 2012, because there was 

a death during the race in a runner that was in the “high-risk” group, the race organizers granted permission that, from 2013, runners in the “high-risk” group were also sent 

individually targeted educational information.  
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Table S4: Demographics (n and %) of all race starters by sex, age groups, year of participation, and race distance (21.1km; 56km)  

 

 
  

Race starters (groups) 

CON period INT period All 

2008 %  2009 % 2010 % 2011 % All CON % 2012 % 2013 % 2014 % 2015 % 
All 

INT 
% Total 

% 

All race starters 15742   16844   17358   15921   65865   21240   22355   21260   22488   87343   153208   

Males All males 10142 64,4 10596 62,9 10708 61,7 9580 60,2 41026 62,3 12612 59,4 13204 59,1 12403 58,3 12793 56,9 51012 58,4 92038 60,1 

  < 30 years 2600 16,5 2850 16,9 2560 14,7 2397 15,1 10407 15,8 3194 15,0 3361 15,0 2600 12,2 2584 11,5 11739 13,4 22146 14,5 

  31-40 years 3059 19,4 3124 18,5 3275 18,9 3006 18,9 12464 18,9 3938 18,5 4186 18,7 3958 18,6 4167 18,5 16249 18,6 28713 18,7 

  41-50 years 2754 17,5 2727 16,2 2896 16,7 2455 15,4 10832 16,4 3215 15,1 3284 14,7 3406 16,0 3534 15,7 13439 15,4 24271 15,8 

  > 51 years 1729 11,0 1895 11,3 1977 11,4 1722 10,8 7323 11,1 2265 10,7 2373 10,6 2439 11,5 2508 11,2 9585 11,0 16908 11,0 

Females All females 5600 35,6 6248 37,1 6650 38,3 6341 39,8 24839 37,7 8628 40,6 9151 40,9 8857 41,7 9695 43,1 36331 41,6 61170 39,9 

  < 30 years 1691 10,7 2105 12,5 2192 12,6 2166 13,6 8154 12,4 2932 13,8 2957 13,2 2529 11,9 2579 11,5 10997 12,6 19151 12,5 

  31-40 years 1803 11,5 1909 11,3 2063 11,9 1992 12,5 7767 11,8 2693 12,7 2944 13,2 2922 13,7 3315 14,7 11874 13,6 19641 12,8 

  41-50 years 1453 9,2 1574 9,3 1657 9,5 1488 9,3 6172 9,4 2034 9,6 2147 9,6 2160 10,2 2460 10,9 8801 10,1 14973 9,8 

  > 51 years 653 4,1 660 3,9 738 4,3 695 4,4 2746 4,2 969 4,6 1103 4,9 1246 5,9 1341 6,0 4659 5,3 7405 4,8 

21.1km race starters 9723   10696   9550   9542   39511   13060   13775   12868   13202   52905   92416   

Males All males 5557 57,2 5870 54,9 4866 51,0 4735 49,6 21028 53,2 6569 50,3 6926 50,3 6254 48,6 6122 46,4 25871 48,9 46899 50,7 

  < 30 years 2089 21,5 2337 21,8 1838 19,2 1815 19,0 8079 20,4 2505 19,2 2629 19,1 2016 15,7 1850 14,0 9000 17,0 17079 18,5 

  31-40 years 1470 15,1 1508 14,1 1290 13,5 1306 13,7 5574 14,1 1828 14,0 1939 14,1 1838 14,3 1834 13,9 7439 14,1 13013 14,1 

  41-50 years 1121 11,5 1052 9,8 901 9,4 832 8,7 3906 9,9 1166 8,9 1214 8,8 1246 9,7 1234 9,3 4860 9,2 8766 9,5 

  > 51 years 877 9,0 973 9,1 837 8,8 782 8,2 3469 8,8 1070 8,2 1144 8,3 1154 9,0 1204 9,1 4572 8,6 8041 8,7 

Females All females 4166 42,8 4826 45,1 4684 49,0 4807 50,4 18483 46,8 6491 49,7 6849 49,7 6614 51,4 7080 53,6 27034 51,1 45517 49,3 

  < 30 years 1515 15,6 1956 18,3 1931 20,2 1978 20,7 7380 18,7 2671 20,5 2659 19,3 2250 17,5 2258 17,1 9838 18,6 17218 18,6 

  31-40 years 1258 12,9 1364 12,8 1325 13,9 1411 14,8 5358 13,6 1850 14,2 2055 14,9 2100 16,3 2321 17,6 8326 15,7 13684 14,8 

  41-50 years 896 9,2 1010 9,4 930 9,7 928 9,7 3764 9,5 1272 9,7 1345 9,8 1343 10,4 1518 11,5 5478 10,4 9242 10,0 

  > 51 years 497 5,1 496 4,6 498 5,2 490 5,1 1981 5,0 698 5,3 790 5,7 921 7,2 983 7,4 3392 6,4 5373 5,8 

56km race starters 6019   6148   7808   6379   26354   8180   8580   8392   9286   34438   60792   

Males All males 4585 76,2 4726 76,9 5842 74,8 4845 76,0 19998 75,9 6043 73,9 6278 73,2 6149 73,3 6671 71,8 25414 73,8 45412 74,7 

  < 30 years 511 8,5 513 8,3 722 9,2 582 9,1 2328 8,8 689 8,4 732 8,5 584 7,0 734 7,9 2739 8,0 5067 8,3 

  31-40 years 1589 26,4 1616 26,3 1985 25,4 1700 26,6 6890 26,1 2110 25,8 2247 26,2 2120 25,3 2333 25,1 8810 25,6 15700 25,8 

  41-50 years 1633 27,1 1675 27,2 1995 25,6 1623 25,4 6926 26,3 2049 25,0 2070 24,1 2160 25,7 2300 24,8 8579 24,9 15505 25,5 

  > 51 years 852 14,2 922 15,0 1140 14,6 940 14,7 3854 14,6 1195 14,6 1229 14,3 1285 15,3 1304 14,0 5013 14,6 8867 14,6 

Females All females 1434 23,8 1422 23,1 1966 25,2 1534 24,0 6356 24,1 2137 26,1 2302 26,8 2243 26,7 2615 28,2 9297 27,0 15653 25,7 

  < 30 years 176 2,9 149 2,4 261 3,3 188 2,9 744 2,8 261 3,2 298 3,5 279 3,3 321 3,5 1159 3,4 1903 3,1 

  31-40 years 545 9,1 545 8,9 738 9,5 581 9,1 2409 9,1 843 10,3 889 10,4 822 9,8 994 10,7 3548 10,3 5957 9,8 

  41-50 years 557 9,3 564 9,2 727 9,3 560 8,8 2408 9,1 762 9,3 802 9,3 817 9,7 942 10,1 3323 9,6 5731 9,4 

  > 51 years 156 2,6 164 2,7 240 3,1 205 3,2 765 2,9 271 3,3 313 3,6 325 3,9 358 3,9 1267 3,7 2032 3,3 



 8 

 

 

Table S5: The unadjusted (crude) incidence (per 1000 runners starting the race: 95% CI) of all medical encounters by years and race 

distance in the CON vs. INT period  

 

  a: p<0.0001 (21.1km vs. 56km)   

 

Notes: 

In the 4-year CON period, a total of 545 medical encounters (serious life-threatening including death = 39; less serious = 506) were documented in 65 865 race 

starters (crude incidence of 8.27 / 1000 race starters: 95% CI = 7.61- 9.00) (1 in 121 race starters), and this was higher in 56km compared with 21.1km runners 

(p<0.0001). In the INT period, a total of 516 medical encounters (serious life-threatening including death = 19; less serious = 497) were documented in 87 343 

runners (crude incidence of 5.91 / 1000 race starters; 95% CI = 5.42 – 6.44) (1 / 169 race starters), and this was also higher in 56km compared with 21.1km runners 

(p<0.0001). 

 

  

 CON period INT period 

 2008 2009 2010 2011 All CON 2012 2013 2014 2015 All INT 

21.1km 4.73 (3.54-6.32) 3.93 (2.90-5.31) 5.03 (3.79-6.67) 7.02 (5.53-8.92) 5.14 (4.48-5.90) 2.22 (1.54-3.20) 4.94 (3.89-6.26) 6.22 (4.99-7.74) 4.47 (3.46-5.77) 4.46 (3.93-5.07) 

56km 10.97 (8.61-12.93) 16.27 (13.37-19.79) 10.63 (8.57-13.18) 14.58 (11.90- 17.86) 12.98 (11.67-14.43) a 9.29 (7.42-11.04) 7.11 (5.53-9.14) 10.49 (8.51-12.92) 5.92 (4.55-7.71) 8.13 (7.23-9.14) a 

All 7.11 (5.91-8.56) 8.43 (7.15-9.94) 7.55 (6.36-8.96) 10.05 (8.61-11.73) 8.27 (7.61-9.00) 4.94 (4.08-5.99) 5.77 (4.86-6.86) 7.90 (6.79-9.19) 5.07 (4.22-6.09) 5.91 (5.42-6.44) 
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Table S6: The unadjusted (crude) incidence (per 1000 runners starting the race: 95% CI) of serious (life-threatening or death) medical 

encounters and race distance in the CON vs. INT period 

 

 

 

Notes: 

In the 4-year control period, 39 medical encounters were classified as serious life-threatening (including death) (incidence of 0.59 / 1000 runners; 95% CI = 0.43 - 

0.81) (1 in 1689 race starters). There was no significant difference in the incidence of serious life threatening (including death) medical encounters between 56km 

and 21.1 runners in the CON period (p=0.6483). In the INT period, 19 medical encounters were classified as serious life-threatening (including death) (incidence of 

0.22 / 1000 runners (95% CI = 0.14 - 0.34) (1 in 4597 race starters). There was no significant difference in the incidence of serious life threatening (including 

death) medical encounters between 56km and 21.1 runners in the INT period (p=0.0995). 

 
 

 

  

 CON period INT period 

 2008 2009 2010 2011 All CON 2012 2013 2014 2015 All INT 

21.1km 0.51 (0.21-1.24) 0.47 (0.19-1.12) 0.63 (0.28-1.40) 0.42 (0.16-1.12) 0.51 (0.33-0.78) 0.08 (0.01-0.54) 0.15 (0.04-0.58) 0.00 0.38 (0.16-0.91) 0.15 (0.08-0.30) 

56km 0.66 (0.25-1.39) 0.33 (0.08-1.30) 0.64 (0.27-1.54) 0.94 (0.42-2.09) 0.65 (0.40-1.04) 0.49 (0.18-1.52) 0.12 (0.02-0.83) 0.48 (0.18-1.27) 0.11 (0.02-0.76) 0.29 (0.16-0.54) 

All 0.57 (0.30-1.10) 0.42 (0.20-0.87) 0.63 (0.35-1.14) 0.63 (0.34-1.17) 0.56 (0.41-0.78) 0.24 (0.10-0.57) 0.13 (0.04-0.42) 0.19 (0.07-0.50) 0.27 (0.12-0.59) 0.21 (0.13-0.33) 
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Figure 1a 

 

Figure 1b 

Figure S1: The XY scatter plots with the correlation (Spearman Rank Correlation Coefficient) between the incidence (per 1000 race starters) of all medical 

encounters and Wet Bulb Globe Temperature (WBGT) Index (Figure 1a) and wind speed (knots) (Figure 1b) (Markers: ● = control period; ▲= intervention 

period) 
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