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Summary. The purpose of this study was to investigate 
criteria for maximal effort  in middle-aged men and wo- 
men undertaking a maximal exercise test until they were 
exhausted if no measurements of  oxygen uptake are 
made. A large group of  2164 men and 975 women, all 
active in sports and aged between 40 and 65 years, vo- 
lunteered for a medical examination including a progres- 
sive exercise test to exhaustion on a cycle ergometer. In 
the 3rd min of  recovery a venous blood sample was tak- 
en to determine the plasma lactate concentration 
([la-]p,amin). Lactate concentration and maximal heart 
rate 0rc . . . .  ) were lower in the women than in the men 
(P<0.001) .  Multiple regression analyses were perform- 
ed to assess the contribution of sex to  [la--]p,amin, inde- 
pendent of  age and fo,m,x. It was found that [la--]p,3rnin 
was about  2.5 mmol .  1-1 lower in women than in men of 
the same age and fc . . . . .  In our population 88°7o of the 
men and 85°7o of  the women met a combination of the 
following fc, m~ and [la-]p,amin criteria: fc,m~ equal to 
or greater than 220 minus age bea ts .min  -1 and /o r  
[la-]p,amin equal to or greater than 8 m m o l ' 1 - 1  in the 
men and fc,m~x equal to or greater than 220 minus age 
beats,  min -1  and /o r  [la--]p,3min equal to or greater than 
5.5 mmol .  1 - 1 in the women. 
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Introduction 

In maximal exercise testing it is always difficult to judge 
whether a subject has really performed up to his or her 
true maximum.  There are several more or less objective 
criteria that may be used to judge the level of  exhaustion 
in progressive exercise testing. It  has been generally ac- 
cepted that maximal effort  is confirmed by a levelling- 
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off  of  the oxygen consumption with increasing power 
output (Astrand and Rodahl 1986). Other parameters 
which have been used are respiratory exchange ratios 
above 1.00, 1.05 or 1.10, a respiratory equivalent above 
30 or combinations of  these and other criteria (Froberg 
and Pedersen 1984; Kuipers et al. 1985; LOllgen and 
Ulmer 1985; Saris et al. 1985). 

I f  no gas analysis equipment is available the maximal 
heart rate and the peak blood lactate concentration have 
often been used. Maximal heart rate (fc . . . .  ) has often 
been assumed to be 220 minus age (beats" m i n -  1) on av- 
erage, with a standard deviation of  10 beats,  min -1  at a 
given age, for men as well as women. As a minimal cri- 
terion of  maximal effort,  therefore, 200 minus age [220 
minus .(age+2SD)] bea t s 'min  -1 for fo, max has been 
used (Astrand and Rodahl 1986; L011gen and Ulmer 
1985). Astrand and Rodahl (1986) have suggested using 
a peak lactate concentration of 8 mmol .  1-1 or higher as 
a criterion for maximal effort.  They did not mention the 
existence of  a difference in peak lactate concentrations 
between men and women. However,  Jacobs et al. (1983) 
have found significantly lower muscle lactate concentra- 
tions after maximal exercise in women than in men, sug- 
gesting that there may be sex differences in peak blood 
lactate concentration. Other authors have indeed found 
significantly different peak plasma lactate concentra- 
tions (Astrand et al. 1973; Froberg and Pedersen 1984; 
Verstappen et al. 1989). 

In this study the difference in plasma lactate concen- 
tration between men and women was quantified to set a 
criterion for maximal effort  based on lactate concentra- 
tion after maximal exercise in women similar to that 
used for men. 

Methods 

Subjects. All volunteers were aged 40 years or older and active in 
sports [participation rate of 4.0 (SD 3.4) h.week-Z]. They per- 
formed a progessive maximal exercise test, as part of a sports- 
medical examination. Tests of subjects using cardiovascular medi- 
cation were excluded from the analysis. Only subjects with com- 
plete data regarding maximal heart rate (fc.m~x), plasma lactate 
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Table 1. Characteristics and maximal exercise parameters of the 
subjects 

% 
100 

Men Women 
n =2164 n=975 

mean SD mean SD 
Age (year) 47.0 6.4 47.9 6.8** 
Body mass (kg) 77.3 8.8 63.6 7.6*** 
Height (m) 1.76 0.06 1.64 0.06*** 
Body fat (%) 23.5 5.1 33.2 4.9*** 
Wma x (W) 250.9 48.0 157.8 29.3*** 
Wmax'kg -1 (W'kg -1) 3.3 0.7 2.5 0.5*** 

fo, m~ (beats "min-~) 173.0 13.6 168.4 13.5"** 
[la-]p,3min (mmol'l -l) 10.5 3.2 7.7 3.7*** 

** P<0.01 (Mann-Whitney U-test); *** P<0.001 (t-test) 
Wm~x, maximal power output; f~ . . . . .  maximal heart rate; 
[la-]p,3mi~, plasma lactate concentration at 3rd min of recovery 

concentration in the third minute of recovery ([la-]p,3mi.) and 
maximal power output (Win=) were analysed. Data on 3139 volun- 
teers (2164 men and 975 women) were obtained over a period of 4 
years. 

Characteristics of the population studied including measure- 
ments of height, body mass, and percentage of body fat, esti- 
mated from the sum of four skinfolds determined according to the 
method of Durnin and Womersley (1974), are given in Table 1. 

Exercise test. The subjects were seated upright on a electrically 
braked cycle ergometer (Lode) with 3-lead (II, V1 and V5) electro- 
cardiogram (ECG)-electrodes in place. The test was performed 
with a pedal frequency between 60 and 80 rpm, starting at a power 
output of 100 W for the men and 50 W for the women for 5 min. 
Thereafter, power output was increased by 50 W.2.5 min -1 until 
a heart rate between 140 and 150 beats.min -I  was reached. Then 
the increment was 25 W'2.5 min -I  until exhaustion. The Wma x 
was the highest power output that could be maintained for 
2.5 min. If the final increment of power output could not be main- 
tained for 2.5 min, Wm~x was calculated with a correction for the 
completed time of that increment (5 W per 30 s). The test lasted 
between 12.5 and 15 rain for the men and between 11 and 13.5 min 
for the women. Heart rate was determined from the ECG over the 
last 30 s of each exercise intensity, and the highest value recorded 
was considered to be f¢ . . . .  . In the 3rd min of recovery, a blood 
sample was drawn from a cubital vein for measurement of 
[la-]v.3,~j~ (640 lactate analyzer, Roche) (Geyssaut et al. 1985). 

Data analysis. Means and standard deviations of variables were 
calculated separately for the men and for the women. Differences 
between the men and the women were tested by two-sample Stu- 
dent's t-tests, except for differences in age, which were tested by 
Mann-Whitney u-tests because the distribution was not normal. 
Correlation coefficients between sex, age, f~ . . . .  and [la-]p,3min 
were determined. Multiple linear regression analyses were used to 
evaluate the influence of the independent variables of sex, age and 
f~,~x o n  [ l a - ] p , 3 ~ i ~ .  

R e s u l t s  

A small,  but  significant,  difference in age (0.9 year, 
P <  0.01) between the sexes was found  (Table 1). More-  
over, the women reached significantly lower fo . . . .  t han  
the men  [168.4 (SD 13.5) versus 173.0 (SD 13.6) 
b e a t s . m i n  -1 , P <  0.0011. The [la-]p,3min was 
2.8 mmol .  1 - 1 ( p <  0.001) lower in the women  compared  
to the men.  Only 40°70 of  the women  reached a 
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Fig. 1. Percentages of population meeting different criteria of 
maximal effort based on fo,m~x and [la-]p,3m~,; A, re, max-->200 
minus age beats.rain-I; B, fc,m~x_>220 minus age beats.min-1; 
C, [la-]p,3min-->8 mmol.1-1 (men), [la--]p,3min-->5.5 mmol.1-1 
(women); D, fo . . . .  _>200 minus age beats.min -1 and/or 
[la-]p,3min-->8 (men) or ___5.5 (women) mmol.l-1; E, f~,max>_220 
minus age beats, rain - 1 and/or [la - ]p, 3 min -> 8 (men) or -> 5.5 (wo- 
men) mmol. 1-1; definitions as in Tables 1 and 2. l Men; ~%~ wo- 
men 

[la--]p,3min value of  8 m m o l . 1 - 1  or higher, compared  to 
79% of  the men.  To correct for a lower effort  level of 
the women,  as suggested by the lower fc . . . . .  mult iple  
l inear regression analysis was per formed with [ la-]p,  3 min 
as dependent  and  age (year), sex (1 man ;  0 women)  and  
fo, max (beats. m i n -  1) as independent  variables (n = 3139): 
[la-]p,3min ( m m o l ' 1 - 1 )  = 0.067 X fc, max + 2.5 X sex 
- 0.055 x age - 0.91 ( r=0 .48 ,  P < 0 . 0 0 1 ) .  All  individ- 

ual coefficients in the mult iple  regression equa t ion  con- 
t r ibuted  significantly (P<0 .001 ) .  This analysis shows a 
sex difference for [la--]p,3min of 2.5 m m o l ' l -  1 indepen-  
dent  of age andfc,max. Figure 1 shows the percentages of  
the popu la t ion  studied meeting different  criteria of  
maximal  effort  based on  [la-]p,3min and  fo . . . . .  Charac-  
teristics of the subpopula t ions  based on  these criteria are 
presented in Table  2. 

In  Table  3 the correlat ion coefficients between age, 
fc, max and [la-]p,3min are presented for the men  who 
achieved a fc,max equal to or greater t han  220 minus  age 
beats . m i n -  1 a n d / o r  [la-]p,3min equal to or greater than  
8 m m o l . 1 - 1  and  for the women  who achieved a f~ . . . .  
equal to or greater than  220 minus  age bea t s . r a in  -1 
a n d / o r  [la--]p,3min equal to or greater than  
5.5 m m o l .  1 - 1. The correlat ion coefficients between age 
and [la-]p,3min and  between [la-]p,3min and  f¢ . . . .  are 
low but  statistically significant.  

D i s c u s s i o n  

If  no  gas analyses are per formed in exercise testing, 
fc, max and  lactate have often been used as objective crite- 
ria of maximal  effort .  In  this study the inf luence of sex 
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Sex A B C D E 
M n=2056 M n=1190 M n=1710 M n=2099 M n=1904 
F n= 887 F n= 401 F n= 770 F n= 926 F n= 829 

mean SD mean SD mean SD mean SD mean SD 
Age (year) M 47.0 6.4 47.6 6.4 46.4 5.8 46.9 6.3 46.7 6.1 

F 47.9 6.8 48.4 7.2 47.1 6.1 47.7 6.7 47.4 6.5 
Body mass (kg) M 77.2 8.7 77.0 8.3 77.0 8.5 77.2 8.7 77.1 8.5 

F 63.5 7.6 62.8 7.4 63.4 7.7 63.4 7.5 63.4 7.6 
Height (m) M 1.76 0.06 1.76 0.06 1.76 0.06 1.76 0.06 1.76 0.06 

F 1.63 0.06 1.63 0.06 1.64 0.06 1.63 0.06 1.64 0.06 
Body fat (%) M 23.5 5.1 23.7 4.9 23.4 5.0 23.5 5.1 23.4 5.0 

F 33.2 4.9 33.0 4.8 33.0 5.0 33.2 4.9 33.0 5.0 
Wm.x (W) M 252 47 255 47 257 45 252 47 255 46 

F 159 29 160 29 163 28 159 29 162 28 
W~o~'kg -1 (W'kg -1) M 3.3 0.6 3.3 0.6 3.4 0.6 3.3 0.6 3.3 0.6 

F 2.5 0.5 2.6 0.5 2.6 0.5 2.5 0.5 2.6 0.5 
f¢ . . . .  (beats'min -~) M 175 12 181 9 175 12 174 13 175 12 

F 171 11 179 7 171 12 170 12 171 12 
[la-]p,3min (mmol'l -a) M 10.7 3.1 11.0 3.0 11.6 2.5 10.7 3.1 11.2 2.8 

F 7.9 3.7 8.3 2.7 8.6 3.6 7.9 3.7 8.4 3.6 

A: maximal heart rate, fc, max _> 200 minus age beats 'min- l ;  B: 
fc . . . .  _>220 minus age beats.min-1; C: [la-]p,3m~n_>8 mmol ' l  -~ 
(M), [la--]p,3mln->5.5 mmol'1-1 (F); D: fo . . . .  _>200 minus age 

beats.min -1 and/or [la-]p,3min_>8 (M) or _>5.5 (F)mmol. l-1;  E: 
fc, m~_>220 minus age beats.min -I  and/or [la-]p,3min-->8 (M) or 
_>5.5 (F) mmol.l-1; other definitions as in Table 1 

Table 3. Correlation coefficients between fc . . . .  [la-]p,3mi~ and 
age in men and women who met the criterion of fc,max_> 220 minus 
age beats.rain -1 and/or [la-]p,3min-->8 (men) or _>5.5 (women) 
mmol.1-1 (group E, Table 2) 

Male Female 

fo, m~ versus age --0.30*** --0.37*** 
[la-]p,3min versus age -0 .21 '** -0.11"** 
fo, m~x versus [la-]p.3min 0.13"** 0.10"* 
(adjusted for age) 0.08*** 0.06* 

* P<0.05, ** P<0.01, *** P<0.001; other definitions see Tables 
1 and 2 

on  p l a s m a  lac ta te  concen t ra t ions  af te r  progress ive  maxi-  
mal  exercise test ing was inves t igated.  There  were signifi-  
cant  d i f ferences  be tween the men  and  the w o m e n  for  
[la-]p,3min [10.5 (SD 3.2), 7.7 (SD 3.7) m m o l . 1 - 1 ,  re- 
spectively] bu t  also for  fc . . . .  [173.0 (SD 13.6), 168.4 
(SD 13.5) b e a t s '  m i n - 1 ,  respectively] in our  p o p u l a t i o n .  
A c c o r d i n g  to  H o s s a c k  and  Bruce (1982) no d i f ference  in 
fo . . . .  be tween  men  and  w o m e n  in this  age g roup  should  
have been  expected.  This  would  suggest  tha t  the level o f  
e f for t  was lower  in the  w o m e n  than  in the  men  in our  
s tudy.  I t  is poss ib le  tha t  this fac tor  was respons ib le  for  
the  sex d i f ference  in [ l a -  ]v, 3 min in c o m b i n a t i o n  with the  
d i f fe rence  in age be tween  the w o m e n  and  men.  To ad-  
jus t  for  these fac tors  mul t ip le  regress ion analyses  were 
p e r f o r m e d .  These  analyses  showed tha t  a s ignif icant  
sex d i f ference  o f  2 . 5 m m o l . 1 - 1  still r ema ined  for  
[la--]p,3min, i ndependen t  o f  age and  fo . . . .  I t  is impor -  
tan t  to  stress tha t  in bo th  the men  and  the w o m e n  simi- 
lar  me thods  were used,  so sex d i f ferences  canno t  be the 
resul t  o f  d i f ferences  in me thods  used in the  men  and  the 
women .  Thus  we conc luded  tha t  a sex d i f ference  in 

[la-]p,3min was indeed present  and  should  be t aken  into  
account  in ma x ima l  exercise test ing.  

In  the  l i te ra ture  studies showing a d i f ference  in plas-  
m a  lac ta te  concen t ra t ions  be tween  men  and  w o m e n  can 
be f o u n d  (As t r and  et al. 1973; F robe rg  and  Pedersen  
1984; Vers t appen  et al.  1989). F robe rg  and  Pedersen  
(1984) have f o u n d  a d i f ference  in ma x ima l  b l o o d  lac ta te  
concen t ra t ion  be tween men  (n -- 7) and  w o m e n  (n -- 6) o f  
2 m m o l . 1 - 1  [12.3 (SD 1.9), 10.3 (SD 1 . 7 ) m m o l . 1 - 1 ,  re- 
spectively],  bu t  it  was no t  s ta t is t ical ly  s ignif icant .  Ver- 
s t appen  et al. (1989) have f o u n d  a s ignif icant  sex di f fer -  
ence (25 men  and  11 women)  in [la--]p,3min o f  
2.3 m m o l ' l - 1 .  Sidney and  Shepha rd  (1977) have f o u n d  
b l o o d  lac ta te  concen t ra t ions  o f  11.1 m m o l . 1 - 1  in 19 
sedentary  men  [age, 63.7 (SD 2.7) years]  and  
9.1 m m o l . 1 - 1  in 20 women  [age, 63.4 (SD 3.6) years] 
showing a p la t eau  o f  the  oxygen c o n s u m p t i o n  in a p ro -  
gessive t readmi l l  test.  The  au thors  have suggested tha t  
the lower  b l o o d  lac ta te  concen t ra t ion  o f  the w o m e n  m a y  
be indicat ive  o f  a smal ler  ra t io  o f  the  muscle  mass  to  the  
to ta l  b l o o d  volume,  a fac tor  which has also been shown 
to con t r ibu te  to the decline o f  ma x ima l  lac ta te  concen-  
t r a t ion  values  with increas ing age (Sidney and  Shepha rd  
1977). On  the o ther  hand ,  it  canno t  be ignored  tha t  dif-  
ferences in the  p r o d u c t i o n  o f  lac ta te  also con t r ibu te  to  a 
sex di f ference.  Jacobs  et al.  (1983) have men t ioned  sig- 
n i f icant  d i f ferences  in muscle  lac ta te  concen t ra t ion  be- 
tween men  and  women  af te r  pe r fo rming  a Winga t e  
anae rob ic  test.  I t  is suggested tha t  female  skeletal  mus-  
cle has a lower  g lycogenolyt ic  po ten t i a l  per  uni t  o f  mass ,  
ref lected in lower phospho ry l a se  and p h o s p h o f r u c t o k i -  
nase activit ies (Komi  and  Kar l sson  1978; N y g a a r d  1981). 
I t  has been shown tha t  lac ta te  wi th in  the active muscle  is 
no t  in equ i l ib r ium with tha t  o f  the  ext racel lu lar  space 
and ,  consequent ly ,  o f  b l o o d  (Gol ln ick  et al.  1986). Nev- 
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ertheless, a lower lactate production rate in women is 
consistent with the lower [la-]p,3min concentration. 

From the correlation coefficients in Table 3, it would 
appear that the correlation of [la--]p,3m~n with age is not 
very marked. Binkhorst et al. (1966) have found higher 
correlations in men. However, because of methodologi- 
cal differences, such as the selection of the population to 
be studied, it is difficult to compare these studies. One 
factor that may explain the low correlation in this study 
was the relatively small age distribution in our popula- 
tion. In establishing criteria for maximal effort in this 
population we decided not to include age, without sug- 
gesting that it may not be appropriate in other situa- 
tions. 

Besides [la--]p,3min, heart rate has also often been 
used as a criterion of  maximal effort. Heart rate is a 
good indicator for the stress of  the cardiovascular sys- 
tem, whereas peak blood lactate concentration reflects 
more the local stress of exercising muscles. Table 3 
shows that the correlation between these variables was 
low (also when adjusted for age), which indicates that 
they were largely independent physiological parameters. 
Thus a combined criterion for maximal effort using 
both fc, max and [la-]p,3min seems valid. 

Several studies have determined regression equations 
off,,max versus age (Binkhorst et al. 1966; Hossack and 
Bruce 1982). Astrand and Rodahl (1986) have stated 
that it is quite meaningless to be too sophisticated in the 
choice of  the target heart rate during maximal exercise 
testing. They have suggested a simple formula, assuming 
the averagef¢,m~ to be 220 minus the subject's age. The 
standard deviation of fo, m~x is 10 beats" min - 1. Thus, on 
theoretical grounds, about half of a population would 
be expected to achieve a fc . . . .  equal to or greater than 
220 minus age and about 95% a re,max equal to or 
greater than 200 minus age. In our population about 
55% of the men and 41% of the women met this criteri- 
on of f¢,m~x equal to or greater than 220 minus age and 
95% and 91%, respectively, met the f¢,ma~ equal tO or 
greater than 200 minus age criterion (Fig. 1). A consid- 
erable percentage of  the male and female population 
reached a combination of the f¢,m~ criterion of 220 min- 
us age and/or  [la-]p,3m~n (88% and 85%, respectively). 
On the other hand, the results of  the combination of the 
fc, max criterion of 200 minus age and/or  [la--]p,3min (D, 
Table 2) were similar to those of the f¢ . . . .  criterion of 
200 minus age alone (A, Table 2), indicating that this 
fc . . . .  criterion dominated the [la--]p,3min criterion. 
Making a choice between the criteria for maximal effort 
based on f~ . . . .  and [la-]p,3mi. is arbitrary. The f¢,m~x 
equal tO or greater than 220 minus age beats.rain -1 

and/or  [la-]p,3min equal to or greater than 8 mmol . l -1  
in men or fc, m~x equal to or greater than 220 minus age 
beats, m i n -  1 and/or  [ la-  ]p, 3rain equal to or greater than 
5.5 mmol.1-1 in women seemed to be a more conserva- 
tive combination. 
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