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Background: Despite the increasing popularity of marathons, little research has examined the 

training habits of nonelite marathon runners. Given that nonelite runners, particularly those with 

a competitive motive, have a higher risk for injury than experienced elite runners, it is important 

for physicians to understand the training program and features that might distinguish running 

performance and injury rates in this population.

Hypothesis: We hypothesized that nonelite runners who qualify for the Boston Marathon 

(“qualifiers”) would have higher running volumes, more running sessions per week, lower 

injury rates, and lower body mass index (BMI) than nonqualifying runners.

Study design: A cross-sectional Web-based survey of runners (convenience sample) at 1 month 

(n = 50) and 6 months (n = 41) after participation in the 2008 Twin Cities Marathon (TCM) 

that acquired data on anthropometric measures, demographic data, finishing time, premarathon/

current training program, and self-reported injury.

Results: Thirteen of 50 initial survey respondents were classified as a “qualifier” based on 

their finishing time. Mean BMI was significantly lower in the qualifiers at 1 month (22.0 versus 

23.9 kg/m2, P = 0.0267) but not 6 months postmarathon. There were no significant differences 

in training volume (running frequency, run length, or cross-training volume) or injury rates 

between qualifiers and nonqualifiers. Prior to the 2008 TCM, 54% of runners included cross-

training in their exercise program, which increased significantly to 74% 1 month postmarathon 

(P = 0.0039) and 71% 6 months postmarathon (P = 0.0325). There was no association between 

cross-training and injury rates.

Conclusions: Nonelite marathon runners had a high degree of cross-training in their training 

program. Qualifiers for the Boston Marathon did not significantly differ in running frequency, 

run length, or cross-training volume compared with nonqualifiers. Whether changes in the 

training program at an individual level might facilitate a change in qualifying status remains 

to be determined.

Keywords: training, marathon, cross-training, BMI

Introduction
Marathon running is increasing in popularity. In 1980, there were approximately 

143,000 US marathon finishers. By 2009, the number had risen to 467,000 US mara-

thon finishers.1 The median finishing times and ages for marathon finishers have also 

increased since 1980, indicating an increase in nonelite runners.1 Little has been pub-

lished about the running habits of nonelite marathon finishers, particularly with regard 

to their anthropomorphic measures and pre-and postmarathon training programs. This 

information is critical, as running-related injury associated with marathon  training can 
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be observed in up to 90% of runners,2 with fewer experienced 

runners having high rates of injury than  nonexperienced 

runners.2,3

Running performance has been associated with 

 anthropomorphic measures such as body mass index (BMI), 

percentage of body fat, skin fold measurements, and  extremity 

girth4–6 and with training variables such as volume, intensity, 

and type.7 The relative importance of anthropomorphic 

 factors versus training volume in endurance athletes remains 

controversial.8–11 A combination of training factors and low 

BMI is suggested to be the most important predictor of  athlete 

success in endurance events.12–14 In addition, endurance 

 performance may be affected by previous running experience. 

A study of female distance runners found that distance run per 

day was the sole factor predicting improved novice marathon 

performance, whereas performance in experienced runners 

was best predicted by BMI and workout pace.15

Cross-training, which is the incorporation of nonrunning 

exercise into the training program, is commonly believed to 

reduce injuries and improve running performance. However, 

there is little evidence in the peer-reviewed literature to 

support this common belief. Epidemiological studies have 

reported that higher weekly running distance is associated 

with increased hamstring injuries2,3,16 but reduced knee 

 injuries.2 Smaller interventional studies have found no spe-

cific performance improvement due to cross-training. One 

study of 12 moderately trained (run 16–30 km/week, maxi-

mal oxygen consumption [VO
2
max] 55.3 mL/kg/min) male 

runners compared a high-intensity cross-training program 

(cycling 2 days/week, running 2 days/week) with a similar 

intensity running only training program (4 days/week). At the 

end of 5 weeks, both groups had lowered their 5 km times and 

increased their aerobic capacity, but the differences between 

the two groups were not statistically  significant.17 Another 

study involved 20 highly trained (minimum 32 km/week, 

VO
2
max 63 mL/kg/min) male runners in a 6-week interven-

tional study of either cycling plus running or running only. 

Both groups had similar improvements in 5 km running 

performance without significant changes in resting heart rate, 

resting blood pressure, serum cortisol, serum testosterone, 

or serum creatine kinase.18

Considering the popularity of marathons and the high 

number of nonelite runners, we conducted a preliminary 

study using a convenience sample of participants in the 2008 

Twin Cities Marathon (TCM) to investigate the premarathon 

and postmarathon training programs of nonelite marathon 

runners. For most nonelite marathon finishers, qualifying for 

the Boston Marathon is considered a significant achievement. 

Given that a “competitive training motive” has been cited as 

a risk factor for running injury,19 we specifically compared 

the anthropomorphic characteristics and training habits of 

Boston Marathon qualifiers with nonqualifiers in our sample. 

We hypothesized that qualifying runners would have higher 

running volumes, more running sessions per week, and a 

lower BMI compared with nonqualifying runners.

Materials and methods
Participant recruitment
Study participants were solicited through Mile Marker, 

a monthly electronic newsletter by Twin Cities In Motion, 

the nonprofit corporation that organizes and directs the TCM, 

which was distributed to everyone who registered for the 

 October 5, 2008 TCM. Information about the study and a link 

to the Web-based survey appeared in the November 2008 news-

letter (November 21, 2008, all respondents by November 27, 

2008). A follow-up email with a link to the Web-based survey 

was sent to the original survey respondents 6 months after the 

marathon (April 18, 2009, all responded by April 27, 2009). 

The study protocol and survey instruments were approved by 

the University of Minnesota Institutional Review Board.

Survey content
Respondents to the initial survey provided their age,  gender, 

height, weight, and marathon finishing time. A series of ques-

tions inquired about respondents’ previous running experience: 

total number of marathons run (numerical free text), longest 

distance raced prior to the 2008 marathon (5 km, 10 km, half 

marathon, or self-report), and any prior participation in ultrama-

rathons (yes/no) or triathlons (yes/no). Respondents were also 

asked to provide retrospective information about their premara-

thon training program (2 months premarathon, not including 

the tapering regimen immediately before the marathon) and 

information about their current exercise program (ie, exercise 

occurring at the time of survey completion). The following 

training program elements were assessed: number of running 

sessions per week (numerical free text), hours and distance per 

running session (numerical free text), and presence of injury that 

may have affected training (yes/no). To measure cross-training, 

the subjects were asked whether their training program included 

nonrunning activities (yes/no). If the answer was “yes”, then 

cross-training options (swimming, biking, weight lifting, 

yoga, aerobics, in-line skating, roller skiing, power walking, 

Nordic walking or skiing, rowing, or other) were provided, 

and the subjects answered further questions about the training 

volume as numerical free text (sessions per week/hours per 

session/distance per session [as appropriate]).
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The 6-month postmarathon survey included a question 

that asked whether respondents’ training habits had changed 

since the marathon (yes/no). The same items as in the 

initial survey were used to acquire information about the 

respondents’ training program and injuries at this later 

time point.

Data analysis
Runners were classified as “qualifiers” if their TCM finish 

time was sufficient to qualify them for the Boston Marathon 

within their age category (Table 1). BMI was calculated 

by using the standard formula of weight/height2 (kg/m2). 

Descriptive statistics were used to compare qualifiers and 

nonqualifiers. T-tests and Fisher’s exact tests were used to 

compare continuous and categorical variables, respectively, 

between groups. McNemar’s test was used to compare the 

changes in cross-training among the runners. P values , 0.05 

were deemed to be statistically significant. SAS® Version 

9.1.3 (SAS Institute Inc., Cary, NC, USA) was used for the 

analysis. Factors considered in the analysis were BMI, age, 

gender, first-time marathoner, participant in runs longer than 

marathon distance, triathlon participant, training was exclu-

sively running, number of running sessions/week, longest run 

during week, and nonrunning training activity.

Results
The 2008 TCM had 8219 starters and 7970 finishers. 

A convenience sample of 50 TCM participants completed 

the initial survey. Forty-nine of the respondents completed 

the marathon, and 13 (seven women, six men) were classi-

fied as “qualifiers” based on their running times. Forty-one 

of the initial 50 respondents (82%) completed the 6-month 

follow-up survey.

Study participants’ age, height, weight, BMI (1 month 

and 6 months postmarathon), marathon finish times, and prior 

running experiences are summarized in Table 2. There was 

no statistically significant difference between age or gender 

in the qualifying versus nonqualifying groups. At 1 month 

postmarathon, qualifiers had a lower mean BMI than non-

qualifiers (22.0 versus 23.9 kg/m2, P = 0.0267). However, 

at 6 months postmarathon, this group difference was no 

longer significant. At both survey time points, qualifier and 

nonqualifier runners had a mean BMI in the normal range. 

Only three runners (two qualifiers, one nonqualifier) reported 

completing a run longer than the marathon distance. There 

was no statistical difference in the number of qualifiers (23%) 

versus nonqualifiers (14%) who completed triathlons.

After completing the marathon, 82% of all runners 

reported changing their training program. One month after 

the marathon, one qualifier and three nonqualifiers were not 

training. By 6 months postmarathon, all participants had 

resumed some form of training.

Respondents’ specific training habits at pre-, 1 month 

post-, and 6 months postmarathon, including amount of 

 running and cross-training, are shown in Table 3. There was 

no statistical difference in the number of running  sessions 

per week between qualifiers and nonqualifiers. The average 

number of running sessions per week decreased for both 

 qualifiers and nonqualifiers in the month following the 

marathon, from 4.6/week prior to the marathon to 3.9/week 

1 month after the marathon, and then increased again 

6 months after the marathon to 4.4/week. However, these 

changes did not reach statistical significance at 1 month 

(t-test; P = 0.6002) or 6 months (t-test; P = 0.2796) after the 

marathon. Six months after the marathon, both qualifiers and 

nonqualifiers were running as many sessions per week as 

they had been before the marathon. Training session mileage 

ranged from 3 to 23 miles/session premarathon and decreased 

to 2–12 miles/session in the month following the marathon. 

Six months after the marathon, the range of miles run per 

session had increased to 3–30 miles/session.

Both qualifiers and nonqualifiers incorporated cross-training 

into their running programs, with no statistical difference 

between groups (Table 3). Just over half of all runners did some 

form of cross-training before the marathon, with the most com-

mon form of cross-training being biking (81%). The percentage 

of runners doing some form of cross-training increased signifi-

cantly from 54% before the marathon to 74% 1 month after the 

marathon (McNemar’s test; P = 0.0039) and remained at 71% 

6 months after the marathon (McNemar’s test; P = 0.0325). 

The most common types of cross-training for both groups were 

biking and weight lifting. The presence of cross-training did not 

have a significant association on injury rates (14% cross-training 

vs 8% no cross-training: Fisher’s exact test P = 1.0) at 1 month 

or 6 months (21% vs 0%: Fisher’s exact test P = 0.1557).

Table 1 Qualifying times for the Boston Marathon

Age group (years) Qualifying time by 
gender (hr:min)

Men Women

18–34 3:10 3:40
35–39 3:15 3:45
40–44 3:20 3:50
45–49 3:30 4:00
50–54 3:35 4:05
55–59 3:45 4:15
60–64 4:00 4:30
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One month after the marathon, 12% of the surveyed 

runners had sustained an injury that affected their training 

program (8% of qualifiers, 14% of nonqualifiers). Six months 

after the marathon, 15% of surveyed runners reported an 

injury (18% qualifiers, 13% nonqualifiers). There was no 

statistical difference between qualifiers and nonqualifiers in 

injury rates at 1 month or 6 months after the marathon.

Discussion
In this study, nonelite runners who qualified for the Boston 

Marathon did not significantly differ in premarathon running 

frequency, run length, or cross-training volume compared 

with nonqualifying runners. Qualifying runners had a lower 

BMI than nonqualifying runners at 1 month postmarathon, 

but did not otherwise differ in terms of injury rates or training 

program either pre- or postmarathon. Cross-training, particu-

larly cycling and weight lifting, was a significant component 

of their marathon training program, with cross-training rates 

increasing significantly postmarathon. However, the pres-

ence of cross-training did not appear to modify self-reported 

injury rates.

For many marathon finishers, qualifying for the  Boston 

Marathon is a personal goal and, if met, a significant 

 achievement. In 2009, the median time (all ages inclusive) 

for US marathon finishers was 4:13:36 for men and 4:41:26 

for women.1 Only 26% of participants in our study would 

be considered a qualifying runner. Although this criterion 

may not necessarily be considered competitive among pro-

fessional runners, it is a potentially laudable goal for many 

nonelite runners.

The question then arises whether differences in a runner’s 

training program or other factors can facilitate achieving this 

goal. At a group level, no clear differences were observed 

in the training programs of qualifying versus nonqualify-

ing runners in terms of the number of training sessions per 

week, range of miles run per session, or incorporation of 

cross-training in the exercise regimen. However, from this 

data, we cannot determine whether changes at an individual 

level may facilitate a change in qualification status. These 

results suggest that longitudinal studies would be important 

for evaluating training effects on performance in nonelite run-

ners, particularly focusing on changes in workout intensity 

and cross-training volume over time.

At 1 month postmarathon, qualifying runners did have 

a slightly lower mean BMI than nonqualifying runners. 

Because we distributed the survey postmarathon, a pre-

marathon BMI was unavailable. However, the 1 month 

postmarathon BMI provided a surrogate measure for the 

premarathon BMI. Coupled with the finding that the mea-

sured training variables were not significantly different for 

qualifiers and nonqualifiers, this result provides preliminary 

evidence that nontraining factors related to BMI may affect 

running performance. This is similar to other studies that 

have shown anthropomorphic variables such as BMI to have 

an important association with endurance performance.14,15 At 

6 months postmarathon, there was a lack of statistical differ-

ence in BMI between qualifying and nonqualifying runners. 

Although we did not see any significant differences between 

groups in training frequency or cross-training after the mara-

thon, changes in diet or exercise intensity (not measured) 

Table 2 Demographic characteristics, anthropomorphic measures, and running experiences of survey respondents

Variable Qualifying runners  
n = 13

Nonqualifying runners  
n = 37

All surveyed runners  
n = 50

Male, n (%) 6 (46%) 20 (54%) 26 (52%)
Female, n (%) 7 (54%) 16 (43%) 23 (46%)
Did not specify 1 1
Age in years, mean (SD) 35.4 (12.1) 37.6 (9.5) 37.0 (10.2)
range 23–61 23–58 23–61
height in cm, mean (SD) 171 (9) 173 (9) 172 (9)
Weight in kg, mean (SD) 65 (11) 72 (12) 70 (12)
Body mass index in kg/m2 (1 month post)a 22.0 (2.0) 23.9 (2.6) 23.4 (2.6)
Body mass index in kg/m2 (6 months post) 22.6 (1.8) 23.8 (2.5) 23.7 (2.4)
Marathon finish time in hr:min, mean 3:24 4:20 4:05
rangeb 2:56–3:47 3:19–5:58 2:56–5:58
First time marathoners, n (%) 2 (15%) 15 (41%) 17 (34%)
Median number of prior marathons 3 1 2
range 0–180 0–27 0–180
Participants who completed runs longer than the marathon 
distance, n (%)

2 (15%) 1 (3%) 3 (6%)

Participants who completed triathlons, n (%) 3 (23%) 5 (14%) 8 (16%)

Notes: at-test P = 0.0267 comparing qualifying with nonqualifying runners; bt-test P , 0.0001 comparing qualifying with nonqualifying runners.
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might be potential factors. Whether the lower BMI 1 month 

 postmarathon is indicative of a higher training intensity 

remains to be determined. Likewise, whether the change 

in BMI between the 1 month and 6 month postmarathon 

surveys, although remaining in the normal range, might 

affect running performance remains unknown. Given these 

preliminary results, further validation using a prospective 

cohort study would be recommended.

There is much interest in the role of cross-training 

as a means to reduce injury. In this study, qualifying and 

nonqualifying runners did not have significant differences in 

the incorporation of cross-training in their exercise regimen or 

in their injury rates. The most common types of cross-training 

for both groups were biking and weight lifting. There was a 

significant increase in the number of runners performing cross-

training 1 month and 6 months after the marathon. Whether or 

not this type of cross-training improves running performance 

is controversial, as several interventional studies show no 

improvement in running performance with cross-training.17,18 

Although there was no statistical difference in the injury rates 

related to cross-training, for the practitioner, the presence 

of cross-training should be kept in mind when addressing 

 musculoskeletal injuries observed in a marathon runner.

There are several study weaknesses. Given the intent of 

studying nonelite marathon finishers, the survey was limited 

by participants’ self report of their training program and 

injury rates. The response rate (0.6%) was low relative to 

the total number of marathon finishers, and selection bias 

may be present, as those participants who chose to complete 

the survey may have different training programs than those 

who did not complete the survey. However, the data appear 

still to be applicable as the median age and median times in 

the study participants are comparable with published data 

of the average US marathon finisher.1 Another weakness 

was that the survey measured running intensity as number 

of sessions/week and miles/session rather than the total train-

ing volume in miles/week. Because many marathon runners 

include one long run and several shorter runs in a week, the 

survey questions may not reflect the average weekly running 

volume. Despite these weaknesses, this survey demonstrates 

the feasibility of a Web-based survey to describe training 

habits and provides novel and meaningful descriptive data 

about training habits of nonelite marathon runners that 

 physicians/trainers might encounter in practice.

Conclusion
In summary, BMI was significantly lower in qualifying than 

in nonqualifying runners at 1 month postmarathon but not T
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at 6 months postmarathon. We did not find any significant 

differences in training volume (running frequency, run 

length, or cross-training volume) between qualifying and 

nonqualifying runners. Cross-training was common in both 

qualifiers and nonqualifiers, with a significant increase in 

the amount of cross-training after the marathon. Given the 

limitations of the study design, we could not definitively 

conclude whether or not changes in the training program 

(duration, intensity, cross-training) would facilitate the 

transition from nonqualifying to qualifying status. Further 

prospective cohort studies examining the training program 

and BMI, perhaps using Web-based surveys for convenience, 

are recommended.
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