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Researchers have attempted to link differ-
ences in distance running performance
with physiological measurements but few
have focused on the training characteris-
tics of elite distance runners. This study
describes and compares training charac-
teristics of male and female qualifiers for
the 2004 USA Olympic Marathon Trials.
Ninety-three athletes (56 men, 37
women) responded to a questionnaire
that covered 1) physical characteristics
and performance, 2) training history, 3)
financial support, 4) training volume, 5)
training intensity, 6) strength training and
7) altitude training. Marathon time was
correlated to performance in other run-
ning events for both sexes, and to number
of years training, average and peak week-
ly training distance, number of weekly
runs, and number of runs > 32 km for
women. Although data from other coun-
tries is sparse, the author suggests that
elite American marathoners train less at
higher intensities than their foreign coun-
terparts. He also notes that many train
without a coach and suggests this is an
area where improvement might be found.

Introduction

ne day, while at the track with one of
my athletes who was training to

qualify for the 2004 USA Olympic
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Marathon Trials, | began to wonder how other
runners who had already qualified train. Was
their programme similar to what | was having
my athlete do? How many kilometres per
week were they running? How much of their
training volume was run at specific intensities?
Did they do strength training? Unfortunately,
there is little research on the long-term training
of distance runners, leaving much unknown
about training for endurance performance.
Most of the information on the training of run-
ners is found in books and magazines. So
with the Trials right around the corner, | decid-
ed to take a scientific approach in order to find
answers to the above questions.

Two hundred and fifty-five athletes (104
men, 151 women) qualified for the 2004 USA
Olympic Marathon Trials by running 2:22:00
or faster (men) and 2:48:00 or faster (women)
within two years of the event. They were all
given a questionnaire asking about their phys-
ical characteristics, training history, financial
support, personal records for various dis-
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Table 1: Average physical and performance characteristics of US Olympic Marathon trials

qualifiers
Total Men Women
Men Women Elite National-Class Elite National-Class
(<2:15) (2:15-2:22) (<2:40) (2:40-2:48)

Age (years) 30.1 31.9 30.0 31.3 321
Height (cm) 177.8* 163.8 172.7 178.6 163.8 163.8
Weight (kg) 65.1* 51.1 59.4 66.0 51.0 51.2
BMI (kg/m2) 20.6* 19.1 19.9 20.7 19.0 19.1
Marathon PB 2:19:03* 2:42:45 2:12:03** 2:20:08 2:33:54* 2:44:54
5km PB 14:27* 17:02 13:44* 14:34 16:16™* 17:13
10km PB 30:00" BRI 28:25" 30:17 33:37* 35:37
1/2-Marathon PB | 1:06:23* 1:17:33 1:03:29** 1:06:48 1:14:04* 1:18:31

PB=personal best. *Statistically different from women. **Statistically different from national-class men. ***Statistically differ-

ent from national-class women.

tances, and training characteristics. All ques-
tions pertained to the entire year preceding
the 2004 Olympic Trials. Ninety-three athletes
(86.5%) responded to the questionnaire (37
men and 56 women) and were divided into
two categories—elite (sub 2:15 for men, sub
2:40 for women) and national-class (2:15-
2:22 for men, 2:40-2:48 for women).

Physical Characteristics and Performance

Olympic Marathon Trials qualifiers weigh less
and have a lower body mass index (BMI) than
the general population. A low body weight
increases running economy (the amount of
oxygen used at a given speed) and body tem-
perature regulation and decreases shock upon
landing’. Within this homogeneous group of
runners, however, there was no relationship
between marathon performance and age,
height, weight, and BMI, as the elite runners
had similar physical characteristics to the
national-class runners (Table 1).

As expected, marathon performance was
significantly correlated to performance for
5,000m, 10,000m, and half-marathon. Since
races lasting longer than three minutes
depend primarily on aerobic metabolism, it's
no surprise that those who are fastest at

5,000m and 10,000m are also fastest in the
marathon. It is no coincidence that all six ath-
letes who made the USA Olympic marathon
team were very successful on the track at
shorter distances before moving up to the
marathon.

Training History

An interesting finding of this study is the
number of Trials qualifiers who either did not
have a coach or trained alone during the year
preceding the Trials. Only 51 percent of men
and 69 percent of women trained with a
coach and 65 percent of men and 68 percent
of women trained alone. Combining these
two conditions, 46 percent of men and 29
percent of women trained alone and without a
coach!

It is unheard of for Olympic Trials-caliber
athletes in other individual sports, such as
swimming, speed skating, gymnastics and
cycling, to train by themselves and without a
coach. While the lack of equipment or facili-
ties needed makes it easier for runners to
train in solitude, the above numbers beg the
question as to whether there is a need to
organise coached training groups for
marathoners who exhibit potential.
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Table 2: Average general training characteristics of US Olympic Marathon Trials qualifiers

Total Men Women
Men Women | Elite National-Class | Elite National-Class

Years training 12.2* 8.8 16.8 11.4 12.3* 8.0

(8-21) (1-24) (12-20) (8-21) (6-20) (1-24)
Avg. weekly 145.3* 116.0 155.6 144.2 135.8*** 111.3
distance (km) (65-125) (40-120) | (90-100) (65-125) | (60-120) (40-100)
Peak weekly 192.9* 1562.2 203.2 191.8 180.0** 145.8
distance (km) (80-154) (65-143) | (99-140) (80-154) | (80-143) (65-120)
Longest run (km) 40.2 37.8 36.5 40.7 38.1 37.8

(20-52) (18-30) (20-24) (20-52) (18-26) (20-30)
Number of runs 17.7¢ 10.4 7.7 18.7 11.9 10.0
> 32 km (1-60) (0-50) (1-12) (2-60) (0-50) (1-40)
Number of weekly runs:
1st quarter 8.1* 6.1 12.5* 7.8 8.9 515
2nd quarter 8.6* 71 13.0 8.3 10.1* 6.4
3rd quarter 9.3* 7.2 12.5 9.1 9.3 6.7
4th quarter 8.7 8.0 11.0 8.6 10.5"* 7.3

*Statistically different from women. **Statistically different from national-class men. ***Statistically different from national-
class women. Range of values in parentheses. Number of weekly runs are divided into quarters of the year, with the 4th

quarter being the last 3 months before the Olympic Trials.

Financial Support

Sixty-two percent of men (elite: 0%; nation-
al-class: 72%) and 57 percent of women (elite:
45%; national-class: 60%) had a full-time job
as their primary source of income. Given that
the national-class runners were significantly
more likely to have a full-time job than the elite
runners, the obvious question is, “Does having
a full-time job prevent a runner from becoming
elite?”  While not working full-time certainly
allows more time for training, only the elite
women ran more kilometres in training than
the national-class women; the elite and
national-class men ran similar volumes.

Training Volume

Despite their relative homogeneity in per-
formance and their elite status among the
nation’s marathoners, the Olympic Marathon
Trials qualifiers trained very differently from
one another, as there was great variability in

the data. While the different responses sug-
gest that there may be many paths to suc-
cess, it may also be an indication that these
runners, especially those who train alone
and/or without a coach, are not optimising
their training.

For the year preceding the Olympic Trials,
the male marathoners averaged 145 km per
week with a peak of 193, while the female
marathoners averaged 116 km per week with
a peak of 152, The men also ran more times
per week and did more long runs (> 32 km)
than did women (Table 2).

Although women have been running
marathons in the Olympics for more than two
decades, there may still be a lingering belief
that women are at a greater risk of injury than
men and therefore should not run as much as
men. However, research suggests that
female runners do not have a greater suscep-
tibility to stress fractures than their male coun-
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Table 3 — Amount of training at different intensities of US Olympic Marathon trials qualifiers and
selected foreign runners

U.S. Total U.S. Men U.S. Women
Men  Women Elite National- Elite National- Male
Class Class Elite
% training distance @ MP 9.7 12.8 7.5 9.9 12.1 13.0 3.9
% training distance @ LT pace 10.3 12.3 12.6 10.0 10.2 12.8 8.7
% training distance > 10km pace 5.2 6.5 4.0 5.2 7.0 6.4 5.9
% training distance > 5km pace 3.0 4.8 1.0 3.1 5.5 4.7 —

MP = marathon pace; LT=lactate threshold; “> denotes “at or faster than.”

terparts as long as they don’t exhibit charac-
teristics of the female athlete triad (amenor-
rhea, disordered eating, and osteoporosis)®.

Another potential reason why the men ran
more than the women is that the men’s
Olympic Marathon Trials qualifying standard is
more difficult to obtain than the women’s
qualifying standard. While the men’s standard
(2:22) was 183.6 percent (17 minutes) slower
than the men’s world record (2:04:55), the
women’s standard (2:48) was 24 percent
(32.5 minutes) slower than the women'’s world
record (2:15:25). Simply put, in order to qual-
ify for the Olympic Trials, men had to attain a
better performance than did women. The
more difficult men’s standard is likely due to
their greater depth of competition. While 99
men ran within 13.6 percent of the world
record, only 9 women ran within that same
percentage of the world record. Time to train,
coaches’ prescriptions, and prior training
experience may have also caused differences
in training volume between sexes.

Among these runners, the amount of train-
ing has a greater influence on women'’s
marathon performance than it does on men’s,
as a number of training characteristics were
statistically different only between elite and
national-class women and statistically corre-
lated only to women’s marathon perform-
ance, likely due to their greater range of per-
formances. Elite women trained for more
years, ran more kilometres, and ran more

times per week compared to their national-
class counterparts (Table 2). Moreover,
women’s marathon performance was corre-
lated to each of these training characteristics.
Of these, the number of weekly runs
explained the greatest amount of variance
(41%) in women’s marathon performance.
Thus, the better female marathoners (but not
the better male marathoners) simply run
more.

One of the criticisms of American distance
runners is that they don’t run enough or as
much as their predecessors of the 1970s and
1980s. From the little scientific documenta-
tion available, it seems that the marathoners
who qualified for the 2004 Olympic Trials do
run as much as their predecessors, as Pol-
lock™ reported that elite male American
marathoners of the 1970s ran 162.0km per
week, while SPARLING et al.™ reported that
elite female American long-distance runners
of the 1980s ran 120.4km per week. Howev-
er, today’s American marathoners run less
than their foreign counterparts. BILLAT et al.*
reported that male French and Portuguese
elite and high-level runners ran 206 and
168km per week, respectively, and female
elite and high-level runners ran and 166 and
150km per week, respectively. BILLAT et al.®
reported that male Kenyan runners who did
low and high amounts of speed training ran
174 and 158km per week, respectively, and
female runners who did a high amount of
high-intensity training ran 127km per week.
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French & Portuguese
(From BILLAT et al.®)

Kenyan
(From BILLAT et al.)

Male Female Female Male Male Female
High-Level Elite High-Level High-Speed Training Low-Speed Training High-Speed Training

4.2 7.3 6.0 — — —

7.5 6.8 6.5 6.8 14.6 0

6.3 8.9 8.3 9.2 2.2 11.7

Although anecdotal accounts of athletes’
training found in books likely represent
embellishments of peak training and therefore
must be taken with a grain of salt, it appears
that today’s American runners run consider-
ably less weekly distance than runners of the
past. In one of the most comprehensive of
these books'™, sample training weeks from
elite marathoners show that Frank Shorter
(USA), Olympic marathon gold (1972) and sil-
ver (1976) medallist, ran about 185km per
week, Derek Clayton (AUS), former marathon
world record holder, ran about 240km per
week, and Grete Waitz (NOR), nine-time win-
ner of the New York City Marathon and
Olympic marathon silver medallist, ran about
160km per week.

Training Intensity

The majority of the runners’ training was at
a low intensity. Men ran 74.8 percent (elite:
75.9%; national-class: 74.9%) and women ran
68.4 percent (elite: 70.7%; national-class:
67.8%) of their weekly training distance slow-
er than marathon pace. Distance runners tra-
ditionally perform most of their training at
intensities well below race pace, at what has
been called long, slow distance (LSD) running.
The popularity of LSD training may stem from
the practices of Arthur Lydiard of New
Zealand, the first running coach to detail sep-
arate base and peaking training phases and
was arguably the most influential coach in the
history of distance running. While running at a

low intensity induces the many adaptations
associated with endurance performance (e.g.,
mitochondrial proliferation, capillarisation, and
increases in aerobic enzyme activity), it has not
been scientifically tested whether performing
the majority of training at a low intensity, at the
expense of more race-specific training, is the
most effective way to train.

Although it makes practical sense to train at
race pace, this was not the strategy of the Tri-
als qualifiers. Men averaged only 9.7 percent
(elite: 7.5%; national-class: 9.9%) and women
averaged 12.8 percent (elite: 12.1%; national-
class: 13.0%) of their yearly training at
marathon pace. In addition, despite the
importance of the lactate threshold to distance
running performance and the closeness of its
corresponding speed to marathon race pace,
men averaged only 10.3 percent (elite: 12.6%;
national-class: 10.0%) and women averaged
12.3 percent (elite: 10.2%; national-class:
12.8%) of their yearly training at lactate thresh-
old (tempo) pace. Despite the relatively low
amount of race pace training, U.S. marathon-
ers run more of their weekly training distance
at marathon pace and lactate threshold
(tempo) pace than do foreign distance runners
(Table 3). Both men and women increased the
amount of training performed at marathon
pace and tempo pace throughout the year, as
time got closer to the Trials.

The marathoners did very little interval train-
ing to prepare for the Trials, averaging only one
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interval workout a week throughout the year.
Men averaged 5.2 percent (elite: 4.0%; nation-
al-class: 5.2%) and 3.0 percent (elite: 1.0%;
national-class: 3.1%) of their yearly training at
or faster than 10km and 5km race pace,
respectively. Women averaged 6.5 percent
(elite: 7.0%; national-class: 6.4%) and 4.8 per-
cent (elite: 5.5%; national-class: 4.7 %) of their
yearly training at or faster than 10km and 5km
race pace, respectively. None of these values
were statistically different between the sexes
or between performance levels.

[t appears that American marathoners run
slightly less at high intensities than their for-
eign counterparts (Table 3). While it is difficult
to claim that the success of foreign athletes,
specifically the Kenyans, is a result of their
high percentage of training at high intensities,
it is possible that training at high intensities
contributes to their performances. COETZER
et al.” found that elite black South African run-
ners, who trained at a higher average intensi-
ty than their white counterparts, were able to
sustain a higher percentage of their VO,max
during races longer than 5,000m. The black
runners also had a statistically lower blood
lactate concentration after submaximal and
maximal exercise and took a statistically
longer time to fatigue during repetitive quadri-
ceps isometric contractions.  While a high
weekly training volume at submaximal intensi-
ties improves endurance performance by
increasing capillary and mitochondrial vol-
umes, training at a high intensity is more
effective for increasing VO,max®.  Further
improvements in endurance performance
have been shown to occur by adding interval
training to elite distance runners’ training pro-
grammes®.

Strength Training

Collectively, the runners studied included lit-
tle strength training in their training pro-
grammes. During the year preceding the Tri-
als, the men averaged less than one and the
women averaged less than two strength train-
ing workouts per week. About half of the run-
ners did not do any strength training at all and

some only strength trained during periods of
the year when they were injured and could not
run. So, either the nation’s elite marathoners
either do not believe that strength training will
make them better marathoners, or they did
not have the time to strength train given the
time they devote to running.

Whether strength training is beneficial for
distance running performance is question-
able. Strength training may lead to improved
endurance performance in previously un-
trained subjects', while more experienced,
highly-trained athletes may not benefit from
traditional strength training® and may even be
hampered by it, especially if it is performed at
the expense of more specific training®. Some
research has shown that explosive strength
training™' and plyometric training'"'® improve
running economy and endurance perform-
ance by increasing muscle power production.

Altitude

Unlike East African distance runners,
whose altitude training has become legendary
through the popular media, only 24 percent of
male and 16 percent of female Trials qualifiers
trained at altitude, and did so only because
they already lived there. The success of the
Kenyan and Ethiopian distance runners
notwithstanding, there is little scientific evi-
dence that training at altitude is better than
training at sea-level for improvements in
VO,max or sea-level performance®®. There is
some evidence that living at altitude and train-
ing at sea-level (the so-called “live high/train
low” model) may improve sea-level perform-
ance'® by inducing the red blood cell produc-
tion associated with altitude exposure while
maintaining sea-level training intensity. Inter-
estingly, most of the best American distance
runners have historically been born and
trained at sea-level. If altitude were the
“secret to success,” one would expect a dis-
proportionate number of elite American. dis-
tance runners to live at altitude. Although
American distance runners train less at alti-
tude than the East Africans, it is unlikely that
this is the reason for their apparent inferiority.
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Conclusion

Beyond running at a pace slower than race
pace, there is no consensus among Olympic
Marathon Trials qualifiersas to how to prepare
for the marathon. Between performance lev-
els, the characteristics of training influence
women’s marathon performance more so
than men’s. Although data on the training
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