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Summary. To assess the most important determinant 
for successful distance running (800 m, 1500m and 
3000 m events) in female athletes, measurements of  sev- 
eral anaerobic indices were made (peak power, mean 
power) using the Wingate anaerobic test (WANT), and 
aerobic indices such as oxygen uptake .(1)'o2) or running 
velocity (v) at lactate threshold (LT), Vo2 or v at onset 
of blood lactate accumulation (OBLA), running econ- 
omy (RE), and maximal oxygen uptake were deter- 
mined using the incremental treadmill test. The RE 
was represented by a 12o2 value measured at 240 
m-min -1  of  a standard treadmill velocity. A stepwise 
multiple regression analysis (SAS stepwise procedure) 
combined the best features of  forward inclusion and 
backward elimination to determine the most important  
factors in predicting the performance of  running these- 
distances as dependent  variables. The stepwise proce- 
dure showed that the blood lactate variables such as LT 
a n d / o r  OBLA are highly correlated with, and contrib- 
uted to predicting performance running 800 m-3000 m, 
whereas the anaerobic component  was related only to 
running 800 m. In conclusion, blood lactate variables 
account for a large part of  the variation in distance run- 
ning performance in female as in male runners. The 
component  of  the anaerobic system which can be mea- 
sured by the WAnT was shown to contribute to per- 
formance in running 800 m, but not in longer dis- 
tances. 
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Introduction 

Recently, the number  of female distance runners and 
their opportunity to compete in the long-distance race 
have increased. In male distance runners, numerous 
studies have found that blood lactate variables such as 
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lactate threshold (LT) or onset of  blood lactate accumu- 
lation (OBLA) account for a large part of  the variation 
in endurance performance. Specifically, cross-sectional 
an d /o r  longitudinal studies have shown that endurance 
training results in the decrease of  lactate concentration 
in muscle and blood during submaximal exercise. In 
fact, blood lactate variables rather than maximal oxy- 
gen uptake (l/o . . . .  ) are highly correlated with endu- 
rance performance in male endurance athletes (Allen et 
al. 1985; Farrell et al. 1979; Holloszy et al. 1977; Jacobs 
1986; Kumagai et al. 1983; Tanaka and Matsuura 1984; 
Tanaka et al. 1984, 1985; Williams and Nute 1983). 

According to the recent paper  by Pate et al. (1987), 
which compared elite with non-elite female distance 
runners, Vo . . . .  is significantly higher, the values of  
oxygen uptake (Vo2), ventilation and heart rate at a 
given running velocity (v) are significantly lower, while 
the muscles of  female distance runners appeared to 
show a remarkable similarity in fibre composition and 
enzymatic activity to male distance runners except for 
the fibre areas (Costill et al. 1976a, b, 1987). Less atten- 
tion has been paid to the importance of  blood lactate 
variables in running in female athletes (Daniels et al. 
1986; Yoshida et al. 1989a). 

In addition, few data are available for assessing the 
contribution of  aerobic and anaerobic components to 
success in the distance events. For example, the anae- 
robic contribution to distance running may depend on 
the homogeneity of  subjects (Bulbulian et al. 1986), on 
the racing tactics, or on the distance run. 

The purpose of  this study is to examine the proposi- 
tion that for female distance runners also the contribu- 
tion of  blood lactate variables might be critical in pre- 
dicting distance running performance. In addition, the 
contributions of  the anaerobic components,  running 
economy (RE) and 12o . . . .  were also assessed with re- 
gard to distance running performance. 

Methods 

Subjects. Sixteen female distance runners volunteered to be sub- 
jects for the present study. They competed primarily in races up to 
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5000 m and were successful at the collegiate level. Their average 
age, height, mass, and finishing times for running 800 m, 1500 m, 
and 3000 m were 19.1 years, SD 1.0, 160.3 cm, SD 4.5, 50.1 kg, SD 
6.3, 2.29 min, SD 0.07, 4.80 rain, SD 0.19, 10.32 rain, SD 0.32, re- 
spectively. After being informed of the purpose, benefits and pos- 
sible risks of the present study, they gave written consent to serve 
as subjects. 

Wingate anaerobic test. The Wingate anaerobic test (WANT) was 
performed using a Monark cycle ergometer (Monark-Crescent, 
Varburg, Sweden), on which the seat height was adjusted to allow 
for full extension of the legs. Each subject was secured to the ped- 
als with toe clips and straps. After an appropriate warm-up, the 
subject began to pedal as fast as possible, while the resistance 
was quickly adjusted to the nearest 0.5 Kp setting corresponding 
to 10% of the subject's body mass according to the method pro- 
posed by Bar-Or (1987), During the following 30 s, the subject was 
urged to pedal as fast as possible. A photocell was used to count 
the total revolutions of the flywheel of the ergometer and its out- 
put was transferred into a computer via an analog/digital conver- 
sion. Peak power (PP) was the highest work output during any 5-s 
interval of the test and was assumed to reflect the ability of the 
limb muscles to produce high mechanical power in a short time 
(Bar-Or 1987). Mean power (MP), on the other hand, was calcu- 
lated as the total work done during the 30-s test period and was 
assumed to reflect the ability of the limb musculature to sustain 
extremely high power (Bar-Or 1987). 

The gas exchanges both during and in the recovery from 
WAnT exercise were measured with a computerized on-line 
breath-by-breath system (RM-300, Minato Medical Science, Osa- 
ka, Japan). Inspired and expired flows were measured using a 
hot-wire respiratory flow system. The concentrations of 02 and 
CO2 were analysed, with a zirconia solid electrolyte 02 analyser 
and infra-red CO2 analyser (MG-360, Torey, Osaka, Japan), re- 
spectively. The output from the breath-by-breath instrument was 
transferred into the computer via a RS-232C port for further anal- 
ysis. Oxygen debt was calculated as excess recovery 1/o 2 above the 
resting level. 

Incremental treadmill exercise test. To determine LT, OBLA, RE, 
and I7o . . . . .  the subject performed an incremental treadmill exer- 
cise test. The test consisted of an initial velocity of 180 m-min -I 
for 5 rain on the level, and then the velocity was increased 20 
m-min-1 every 5 min until the subject reached voluntary exhaus- 
tion. During the treadmill test, gas exchange parameters were de- 
termined by the breath-by-breath method as above. The RE was 
defined as the I2o 2 at v=240 m.min -1, as described by Powers et 
al. (1983) and Bulbulian et al. (1986). The criteria for obtaining 
l?o . . . .  included both a levelling-off of I2o 2 as v increased and a 
respiratory exchange ratio at exhaustion greater than 1.15. 

Arterialized capillary blood was taken from the ear-lobe im- 
mediately after each v of the treadmill test. Blood lactate was ana- 
lysed by an enzymatic membrane method (Diagluca HEK-30L, 
Toyobo, Osaka, Japan), which had been calibrated against a 
standard concentration of lactate solution. 

Determination of LT  and OBLd. Two different indices for blood 
lactate accumulation during exercise, LT and OBLA, were se- 
lected and used for evaluating endurance ability. The LT was de- 
fined as the point (l?o~ or v in the present study) at which the 
blood lactate concentration began to increase above a resting level 
(Yoshida et al. 1987). To identify the LT, a log-log transformation 
of the relationship between blood lactate and v or Vo2 during the 
submaximal exercise tests was used according to the procedures 
described by Beaver et at. (1986). The OBLA was defined as the v 
or 1/o 2 at which the blood lactate concentration reached a value of 
4 mM (Karlsson et al. 1984)• The log-log transformation was also 
used to determine v at OBLA or Vo~ at OBLA. 

Running performance test. The 800 m, 1500 m, 3000 m finishing 
times were selected from performances in competitive running re- 

corded on a racing track within 2 weeks of the laboratory experi- 
ments. They were converted into velocities for the purpose of 
analysis. 

Statistical analyses. A stepwise multiple regression model was em- 
ployed to predict distance running performances as dependent 
variables. The data for PP and MP during WANT, Vo2 at LT, v at 
LT, 17o 2 at OBLA, v at OBLA, RE, and Vo . . . .  were entered into 
the stepwise procedure (SAS STEPWISE). This stepwise multiple 
regression technique combined the best features of forward inclu- 
sion and backward elimination to determine the most important 
factors in predicting the dependent variable as each distance run- 
ning performance. The P< 0.05 level of significance was accepted 
for all correlations. 

Results 

Table  1 shows the da ta  ob ta ined  f rom the tests in the 
p resen t  study. It is appa ren t  that  the subjects  in the 
p resen t  s tudy are re la t ively  h o m o g e n e o u s  with  regard  
to the i r  pe r fo rm ance ,  hav ing  coeff ic ients  o f  va r i ance  
(CV) which  range  f rom 3.1% to 4.7%. This  contras ts  
wi th  the CV values  for  PP, P P . k g  -1,  M P  and  
M P .  kg -a ,  which  range as h igh  as 20.9%. The  da ta  for  
PP, P P . k g  -1, M P  and  M P . k g  -1 in the p resen t  s tudy 
are c o m p a r a b l e  to those  r epor t ed  e l sewhere  (Bar -Or  
1987), whi le  the values  o f  RE,  LT, O B L A  and  Vo . . . .  

are s imi lar  to data  ob t a ined  in our  p rev ious  exper i -  
ments  (Yosh ida  et al. 1989b). 

Tab le  2 shows single co r re la t ion  coef f ic ien ts  be- 
tween  se lec ted  phys io log ica l  da ta  and  the d e p e n d e n t  
var iab les  o f  runn ing  ve loc i ty  over  800 m, 1500 m and  
3000 m. Over  800 m s ignif icant  coeff ic ients  were  ob- 
t a ined  in re la t ion  to PP, MP,  fro2 at LT, 12o 2 at O B L A ,  
and  v at OBLA.  For  1500 m, Vo2 at LT, v at LT, Vo2 at 
O B L A ,  and  v at O B L A  were  s igni f icant ly  co r re la ted  

Table 1. Data obtained in the present study 

Variables Mean SD CV (%) 

Peak power (V0 438.1 89.1 20.3 
Peak power per kg 

(W-kg -1) 8.8 1.2 13.1 
Mean power (W) 346.7 72.7 20.9 
Mean power per kg 

(W.kg-1) 6.9 1.0 14.2 
Running economy 

(ml. kg- 1. min - 1) 48.1 2.8 5.8 
v a t L T  

(m. min -1 ) 213.8 14.1 6.6 
12o2 at LT 

(ml-kg-I- rain-l) 43.3 4.1 9.5 
v at OBLA 

(m. min- 1) 268.6 30.0 11.2 
1)o. at OBLA 
• (ml- kg- 1. min - 1) 52.9 4.0 7.6 

V o 2  ma× 
(ml.kg-1. min-1) 56.4 4.4 7.8 

02 debt (ml.kg -1) 50.7 7.1 13.9 
800 m (m. min-  1) 347.9 10.7 3.1 

1500 m (m-min -1) 312.9 10.9 3.5 
3000 m (m-min -1) 292.7 13.7 4.7 

CV = Coefficient of variance 



Table 2. Single correlation coefficients between the selected pa- 
rameters and running velocity 

Running velocity 800 m 1500 m 3000 m 
(m. rain- 1) 

Peak power (W) 0.59* 0.31 0.11 
Peak power per kg (W.kg -I) 0.27 0.05 0.24 
Mean power (W) 0.54* 0.26 0.15 
Mean power per kg (W.kg -1) 0.24 0.01 0.25 
Running economy 

(ml. kg -1 .min -1) 0.13 0.34 0.23 
v at LT (m-min -I) 0.43 0.65** 0.70** 
17o2 at LT (ml.kg-l.min -1) 0.77** 0.66** 0.64** 
v at OBLA (m.min -1) 0.68** 0.85** 0.88** 
V"o2 at OBLA (ml-kg -1 .rain -1) 0.51" 0.55* 0.69** 
Vo .... (ml'kg -l"min-I) 0.44 0.45 0.67** 

* P<0.05, ** P<0.01 

with v. For 3000 m, 12o2 at LT, v at LT, Vo2 at OBLA, v 
at OBLA, and Vo . . . .  were significantly correlated with 
v. It is of  interest that the lactate variables LT and 
OBLA are strongly related to all distance v studied in 
the present experiment. 

Table 3 provides data from a stepwise multiple re- 
gression analysis which selects the best contributor for 
predicting v in regression using the data from 800 m, 
1500 m and 3000 m races as dependent variables (Table 
3). In the case of  800 m races, the combination of V% at 
LT and MP as independent variables accounted for 
73.0% of total variance necessary to predict v. In the 
case of 1500 m races, the combination of v at OBLA 
and l?o . . . .  as independent variables accounted for 
79.6% of the total variance. Finally, in 3000 m races, the 
combination of  v at OBLA and Vo~ at OBLA as inde- 
pendent variables accounted for 86.4% of the total var- 
iance. As shown in Table 3, the blood lactate variables, 
such as v at LT and v at OBLA, were selected as the 
best predictors. 

D i s c u s s i o n  

The two principal concerns of  the present study were to 
establish the significance of  blood lactate variables for 
distance running in female runners, and to predict the 
distance v using a purely statistical approach, combin- 
ing blood lactate variables with other important param- 
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eters such as PP, MP, RE, or 1/o . . . .  ° To assess the val- 
idity and the predictive value for the field and labora- 
tory indices of  both aerobic and anaerobic perform- 
ance, various physiological variables, which might be 
strongly related to distance running, were incorporated 
in a stepwise multiple regression procedure. 

The main findings of  the present study were 
that: 
1. A stepwise procedure suggested the significant con- 
tribution of  blood lactate variables combined with 
other physiological parameters in predicting v over 
800m, 1500m and 3000m in female distance run- 
ners. 
2. The anaerobic component  obtained by WAnT is re- 
lated to v only over 800 m. 

It has been well documented that the muscle fibre 
composition and enzymatic activity in female distance 
runners are remarkably similar to those of  male dis- 
tance runners (Costill et al. 1976a, b, 1987). Further- 
more, since endurance training induces adaptations in 
muscle cells which result in a reduced production of  
lactate during heavy exercise (Hurley et al. 1984; Favier 
et al. 1986), it is assumed that in female distance run- 
ners also blood lactate variables may play a critical 
role, as has been established for male distance runners. 
In female distance runners, Pate et al. (1987) described 
how in "elite" runners blood lactate concentration is 
lower at a standard treadmill velocity than that in 
"good" runners, suggesting that blood lactate response 
to submaximal exercise is a very sensitive discriminator 
of competitive status. However, their study did not 
identify the importance of  blood lactate variables such 
as LT and OBLA for distance running in females. In 
the present study, it has been demonstrated that there is 
a significant relationship between blood lactate varia- 
bles and running in females. This finding is consistent 
with the statistical results obtained in earlier studies on 
male elite athletes, which indicated the importance of  
blood lactate variables for male athletes in achieving 
success in distance running (Allen et al. 1985; Farrell et 
al. 1979; Kumagai et al. 1983; Tanaka et al. 1984, 1985; 
Williams and Nute 1983). Furthermore, using untrained 
female subjects, Yoshida (1986) and Yoshida et al. 
(1987) have suggested that lactate variables may be 
more useful indices for endurance performance than 
other variables such as 12o . . . . .  step test score, and pre- 
dicted physical work capacity at a heart rate of  170 
beats, min-1.  Hence, in female distance runners also, it 

Table 3. Stepwise multiple regression analysis for the selected variable and highest velocity in 800 m, 1500 m and 3000 m running for 
female athletes 

Step 800 m running velocity 
number 

1500 m running velocity 3000 m running velocity 

Variables multiple r 2 Ar2 Variables multiple r 2 Ar 2 Variables m u l t i p l e  r 2 A r  2 

1 v at LT 0.6 P<0.01 v at LT 0.73 P<0.01 v at OBLA 0.77 P<0.01 
2 MP 0.73 P<0.05 I)o .... 0.80 P<0.05 I2o2 at OBLA 0.86 P<0.01 
3 RE 0.75 ns v at OBLA 0.81 ns RE 0.89 ns 

v = Running velocity; LT= lactate threshold; MP= mean power; RE = running economy; l)'o .... = maximal oxygen uptake; OBLA= on- 
set of blood lactate accumulation; ns = no significance 



252 

is not surprising to note that  b lood lactate variables ac- 
count  for a significant port ion of  the total variance 
(73%-86%) in distance running. On the other hand,  a 
significant correlation between 1Io . . . . .  and v was only 
found over 3000 m (Table 2). 

It is interesting to note that v over 800 m correlates 
with both such blood lactate variables as aerobic com- 
ponents  and anaerobic components ,  such as PP and 
MP. In the case of  the 800 m, there might be a distinct 
p redominance  of  aerobic and lactic systems in the 
supply of  ATP energy. The key point  is the extent to 
which these systems contribute towards good perform- 
ance over 800 m. A stepwise procedure  selected Vo2 at 
LT as a first predictor  (r2 --- 0.60). As a second predic- 
tion, the stepwise procedure  chose MP, which is as- 
sumed to reflect the endurance of  leg muscles (Bar-Or 
1987). In other words, MP may  be considered to reflect 
the ability to sustain extremely high power.  Since one 
of  the major  contributors of  energy towards good 800 m 
per formance  is derived f rom the rate of  anaerobic  gly- 
colysis in the muscle and the ability to endure it, it is 
reasonable to consider that  MP which can be measured  
in WAnT might be one of  the effective discriminators 
for success. 

On the other hand,  per formance  at other longer dis- 
tances was not significantly related to any anaerobic  
componen t  (see Table 2). This observat ion does not 
agree with the data by Bulbulian et al. (1986). They ob- 
served that anaerobic  work capacity accounts for  58% 
of  the total variance together with t7o . . . . .  and sug- 
gested a significant contribution of  anaerobic  capacity 
to per formance  over 8.05 km in a highly homogeneous  
group of  aerobic factors (1/o ... . . .  anaerobic  threshold, 
RE). Although anaerobic components  during distance 
running may  play a practical role in changing the race 
pace a n d / o r  the finishing order of  the race, the present  
study suggests that such anaerobic  components  are not 
significant determinants  of  per formance  over longer 
distances. 

It  has been suggested that the RE in female runners 
is indeed less than in males due to sex-linked anatomi-  
cal differences, e.g. the wider pelvis, shorter legs and 
more oblique femur  of  the female, may  contribute to a 
lesser mechanical  efficiency of  running (Stanley and 
Brubaker  1973). However,  Daniels et al. (1977) found 
no significant difference between male and female dis- 
tance runners in RE. The values of  RE and l?o . . . .  ob- 
tained in the present  study do not significantly differ 
f rom the values reported by Daniels et al. (1977). In 
fact, in the present  study, RE was not correlated with 
per formane  in a simple regression analysis (Table 2) 
nor  did it improve the level of  significance for the pre- 
diction by a multiple regression analysis (Table 3). This 
observation,  based on a simple regression analysis, is in 
agreement  with the data obtained by  Farrell et al. 
(1979), Conley et al. (1981) and Powers et al. (1983). 
These authors suggested that using subjects who are re- 
latively homogeneous  in both  per formance  and RE, the 
correlation between the two is relatively low. In the 
present  study the CV values indicate that  the subjects 
are relatively homogeneous  in performance,  RE and 

~)rO . . . .  (Table 1). Thus, rather than RE, b lood lactate 
variables appear  to make a more significant contribu- 
tion to success in distance running in female athletes. 

In conclusion, in female distance runners as in their 
male counterparts  the b lood lactate variables account  
for a large part  of  the variation in distance running. The 
componen t  of  the anaerobic system which was mea- 
sured by WAnT was shown to contribute to perform- 
ance over 800 m, bu t  not over longer distances. 
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