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Summary. Gender  differences in plasma FFA re- 
sponses to 90 min of treadmill walking at 35% 12o ..... 
were investigated in six men and six women following 
an overnight fast. The subjects represented average 
values for maximal oxygen uptake and body fat 
percentage for age and gender. Mean plasma FFA 
concentration at 45 and 90 rain of exercise were 
significantly (P < 0.05) higher for women (0.82 
m mol .  1-1 , 0.88 retool .  1-1 ) than men (0.42 
retool-1-1,  0.59 retool .  1-1). Lower R values for 
women throughout the exercise period indicated a 
greater percentage fat in total metabolism than for 
men while the FFA/glycerol results supported greater 
lipolytic activity for women. The uniformity of 
percent fat in metabolism for women from rest to 
exercise showed that FFA release from adipose tissue 
increased rapidly with the onset of exercise which was 
not the case for men. Comparison of metabolic data 
as well as a statistical ana!ysis (ANCOVA) control- 
ling for the influence of Vo ..... and percentage body 
fat on FFA plasma concentration suggested that 
gender differences in FFA responses to prolonged 
submaximal exercise can be expected to occur in 
untrained subjects. 
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Introduction 

It is well known that endurance trained athletes have 
an increased ability to use fat as an energy substrate 
during muscular exercise. This has been associated 
with an increased capacity of the oxygen transport 
system (Astrand and Rodahl 1969; Hermansen et al. 
1971; Hickson et al. 1977; Mackie and Terjung 1983; 
Saltin et al. 1976) and of the skeletal muscle to oxidize 
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fat (Costill et al. 1976; Gollnick et al. 1972; Holloszy 
and Booth 1976; Jacobs 1981; Rennie and Holloszy 
1977; Saltin et al. 1977). Training has also been 
shown to minimize differences in FFA utilization that 
might otherwise be attributed to gender. This has 
been demonstrated by the use of trained men and 
women who have shown a similarity in FFA utiliza- 
tion when workloads were standardized for differ- 
ences in maximal aerobic capacity (Costill et al. 1976; 
Powers et al. 1980). It remains equivocal, however, as 
to whether FFA mobilization and utilization are 
differentiated by gender in persons who have not 
experienced a history of endurance training. 

The aim of the present study was to compare free 
fatty acid responses with respect to plasma concen- 
tration and with reference to utilization in men and 
women during prolonged work of moderate intensity. 
It was the intention to select untrained subjects so 
that skeletal muscle adaptation to overload would not 
mask differences in FFA responses that could be 
attributable to gender. 

Materials and methods 

Subjects. This study was performed on 12 healthy volunteer subjects 
(six men and six women) who were not engaged in regular exercise 
training. Their general descriptive data are presented in Table 1. A 
minimum period of 12 h was required without food ingestion 
before the prolonged submaximal test and all subjects were asked 
to refrain from smoking and the consumption of beverages 
containing caffeine during the 24 h preceding the tests. None of the 
women were taking oral contraceptives. The procedures used in 
this study had been approved by the institutional Committee for 
Research Involving Human Subjects. 

Measurements. All testing was conducted in a comfortable air-con- 
ditioned laboratory under uniform environmental conditions. Per- 
centage body fat was determined by hydrostatic weighing using the 
equation of Siri (1956). Oxygen uptake and carbon dioxide 
production were determined by open circuit spirometry with gas 
samples analyzed by a paramagnetic oxygen analyzer (Beckman 
OM-11) and infra-red carbon dioxide analyzer (Godart Capno- 
graph) calibrated regularly with standardized mixtures as deter- 
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Table 1. Descriptive data for subjects 

Men W o m e n  
(n = 6) (n = 6) 

Age  (years) 33.7 _+ 1.9 30.7 _+ 0.80 
Body weight (kg) 81.9 _+ 4.7 65.8 _+ 4.5 s 
Height  (cm) 175.6 _+ 1.8 168.5 _+ 1.4 s 
Body fat (%) 21.4 _+ 1.8 29.9 _+ 2.0 s 
Fat  free weight (kg) 64.0 _+ 2.6 45.7 + 2.0 s 

12o2,,,~, (ml �9 k g -  1 �9 m i n -  1 ) 44~2 _+ 3.3 36.4_+3.0 
VO ..... 56.1 _+ 3.6 52.0 _+ 4.3 
(ml-  kg fat free wt -1 �9 rain -1) 
H R  max (b �9 rain -1) 179,3 _+ 2.1 177.0 _+ 2.6 

Values are means  _+ SE 
s = significantly different (P < 0.05) between men and women 

mined by chemical analysis. Ventilatory volumes were obtained 
from a dry gas meter  (Parkinson-Cowans CD-4) which was in line 
with a recorder (Beckman Type R Dynograph)  with the system 
calibrated against a Tissot gasometer.  The electrocardiogram and 
blood pressure were moni tored throughout  all treadmill test- 
ing. 

Blood samples were obtained by venipuncture  of the ante- 
cubital vein, 3.0 ml was collected in a heparinized tube and 7.0 ml 
in a nonheparinized container. Triplicates of hematocri t  and 
duplicates of lactate (Gu tman  and Wahlefeld 1974) and hemo-  
globin were obtained from the heparinized samples.  Hemoglobin  
and hematocri t  were used to determine plasma shifts (Costill and 
Fink 1974). Duplicate serum samples from the nonheparinized 
container were used to determine protein concentration (hand 
protometer) ,  glycerol (BMC assay kit), and FFA concentration 
(Falholt et al. 1973). The  pro tometer  was zeroed against distilled 
water while glycerol and fatty acids were determined against 
regularly established standard curves made  from known concen- 
trations. 

Table 2. Mean  oxygen uptake (STPD 1. min -1) and R values 
(-+ SE) 

Time period Vo2 R 
(min) 

Men  W o m e n  Men W o m e n  

Rest  0.250 0.21 0.82 0.80 
+_ 0.015 + 0.017 _+ 0.01 _+ 0.01 

Exercise 
15 1.259 0.926 0.88 0.82 

+ 0.040 + 0.051 s + 0.02 + 0.01 s 
30 1.276 0.892 0.86 0.82 

_+ 0.040 _+ 0.042 s +_ 0.02 + 0.01 
45 1.245 0.902 0.85 0.80 

_+ 0.038 _+ 0.045 + 0.02 _+ 0.01 s 
60 1.248 0.902 0.84 0.80 

+ 0.040 + 0.047 s _+ 0.02 + 0.01 
75 1.268 0.894 0.84 0.81 

_+ 0.059 + 0.045 s +_ 0.02 -+ 0.01 
90 1.259 0.887 0.82 0.78 

+ 0.037 _+ 0.052 s _+ 0.01 _+ 0.01 s 

Post  exercise 
15 0.296 0.244 0.74 0.72 

_+ 0.013 _+ 0.005 s _+ 0.02 _+ 0.01 
30 0.283 0.251 0.74 0.75 

+- 0.025 + 0.018 -+ 0.01 + 0.01 
45 0.292 0.220 0.76 0.74 

+ 0.033 + 0.019 + 0.02 -+ 0.02 
60 0.315 0.223 0.77 0.78 

+ 0.034 + 0.020 s + 0.01 _+ 0.03 

s : P < 0.05 between men  and women  

trol for group bias due to differences in percent body fat or l/o . . . .  
acting as independent  variables affecting FFA responses to exer- 
cise. Any differences were considered to be significant if an alpha 
level of  0.05 was achieved. 

Protocol. Before metabolic data were obtained, percent body fat 
was determined. This was followed approximately 1 week later by 
a multi-stage treadmill test for the determination of 12o .... at a 
constant  speed of 88.5 m �9 min -1 with elevation increases of 4% at 
3-min intervals. Gas collections were made  each minute  after a 
heart  rate of 150 b - r a i n  -1 was achieved and until the subject 
voluntarily terminated the test. 

The 90-rain walk took place following a min imum interval of 7 
days from the time of the maximal  test. The  treadmill speed and 
elevation were adjusted to approximate 35% of each subject 's  
I2o2,,,.~ ~. After a suitable period of time to allow the subject to 
adjust  to the  breathing valve (Collins "Triple-J ' )  as determined by 
a steady state recording of ventilation, expiratory air samples were 
collected for the final minute  of each 15-rain interval throughout  
the walking test and during the recovery period. The  expiratory 
exchange ratio (R) was assumed to be a nonprotein respiratory 
quotient  (RQ) and was used to est imate the fraction of energy 
expenditure due to carbohydrate  and fat oxidation. 

Blood samples were obtained after a 20-rain pre-exercise rest 
period, at 45 and 90 min of walking and following 1 h of post 
exercise recovery. For the  safety of the subject  it was necessary to 
stop the treadmill for approximately i rain while the blood samples 
were obtained. 

Statistical analysis. Descriptive data for the two groups were com- 
pared using a SPSS sub-program for the appropriate t-test (Nie et 
al. 1975). An analysis of  covariance (ANCOVA) was used to con- 

Results 

At each of the six sampling periods for metabolic data 
during the prolonged walk significant differences 
between groups existed for oxygen consumption 
(Table 2). However,  the relative intensity of exercise 
during this same period of time was 35.5% and 38.7% 
of l)o~ .... for men and women respectively. The 
differences between men and women in these per- 
centages were not statistically significant. The values 
for the respiratory exchange ratio were consistently 
lower for the women during exercise as was the case 
in recovery but in the latter period the differences 
were reduced. At  the onset of exercise the men 
demonstrated a marked decrease in the percent fat in 
metabolism while the women maintained values close 
to those measured during the preexercise period 
(Fig. la).  Both groups gradually increased the per- 
cent fat in metabolism during exercise with the 
90-min values being 59% for the men and 73% for the 
women. Peak values for both grous in percent fat in 
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Fig. la .  Mean percent  fat (_+ SE) in total metabolism for men and women during 90 min walk and 60 rain recovery, b. Mean plasma FFA 
and glycerol (_+ SE) for men  and women during 90 rain rest, exercise, and post exercise 

metabolism were achieved during the recovery period 
and exceeded exercise values even l h  after the 

exercise had been terminated.  Rest  45 min 90 rain 60 min 

Both groups showed significant elevations from exercise exercise post 
rest to 90 min of exercise in serum FFA and glycerol exercise 
concentrations (Fig. lb) .  FFA concentrations were 

Men FFA 0.23 0.42 0.59 0.36 
always higher for women than for men as was the case _+ 0.04 _+ 0.05 _+ 0.07 • 0.04 
with glycerol concentrations. The glycerol concen- Women FFA 0.36 0.82 0.88 0.57 
trations increased somewhat  faster for the women _+ 0.08 • 0.i2s + 0.09s • o.04s 

Men glycerol 0.052 0.122 0.176 0.061 during the first 45 min of exercise whereas the men 
• 0.005 + 0.019 _+ 0.019 • 0.006 

maintained a more  consistent rate of increase W o m e n  glycerol 0.089 0.218 0.233 0.097 
throughout the 90-min exercise period. • 0.012 s _+ 0.022 s • 0.018 _+ 0.009 s 

During the period of exercise only minimal Men lactate 0.54 0.48 0.46 0.48 
changes occurred for blood lactate, serum protein,  • 0.12 _+ 0.20 • 0.19 _+ 0.020 
and plasma volume for both of the groups. Women lactate 0.66 0.77 0.51 0.55 

+ 0.19 • 0.3l + 0.20 • 0.22 

Discussion 

The findings point to gender specific differences in 
FFA concentrations resultin~ from prolonged walk- 
ing at about  one third of  12o~,~ Although the data for 
maximal aerobic power and percentage body fat sup- 
port the contention that these were untrained subjects, 
it was still necessary to deterlrdne if group differences 
in these variables affected the plasma FFA concen- 
tration. An analysis of covariance ( A N C O V A )  
revealed that gender differences accounted for a 
significant port ion of the variance in exercise FFA 
concentrations when statistical control was given to 
group differences in aerobic power  and percentage 
body fat (Table 4). Shifts in fluid volume can be ruled 
out as a factor in this finding due to the fact that there 
were small gains in plasma volume which averaged 
3.8% for the women and 0.75% for the men. 

There  is little doubt  that at the energy expendi- 
ture required of the present  subjects during the 
prolonged walk, FFA was available in adequate 

Table 3. Mean  plasma FFA,  glycerol ( m m o l .  1-0,  lactate 
( m m o l .  1-1) concentrat ions (_+SE) for men  and women 

s = P < 0.05 between men  and women 

supply. It is generally known that during prolonged 
exercise FFA turnover increases rapidly and that the 
FFA uptake by the working muscle depends largely 
on an increased blood flow rather than upon an 
enhanced fractional extraction (Gollnick 1977). With 

Table 4. Analysis of covariance 

Source of SS DF  Mean F P 
variation square 

Covariates 0.132 2 0.066 1.818 0.223 
% Body fat 0.130 1 0.130 3.597 0.094 
Vo .... 0.040 1 0.040 1.095 0.326 

Main effects 0.198 1 0.198 5.485 0.047 
Gender  0.198 1 0.198 5.485 0.047 

Explained 0.330 3 0.110 3.040 0.093 
Residual 0.290 8 0.036 

Total 0.620 11 0.056 
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the exception of the early adjustment portion of the 
walk the responses of both groups were consistent 
with the known relationship between FFA plasma 
concentration and its oxidation by the muscle (Fig. 
la ,  b). However ,  the absolute ability of the two 
groups to use fat as a substrate cannot be directly 
compared for several reasons. First, even though the 
relative work per formed by the two groups was 
similar the absolute work required of the men was 
much greater  so it would be expected that they would 
metabolize a greater  quantity of fat to complete their 
task. Secondly, tissue biopsies were not per formed so 
a measurement  of the total oxidative capacity of the 
muscle was not conducted. However ,  the plasma 
glycerol responses (Fig. lb)  during exercise can be 
used as an indication of fat metabol ism as it has been 
shown that the fractional extraction does not increase 
with elevations in arterial concentrations (Ahlborg et 
al. 1974) and that during prolonged exercise glycerol 
does not serve as a significant glyconeogenic substrate 
(Miller et al. 1983). As the glycerol levels were 
elevated to a greater  extent with the women than with 
the men (Fig. lb)  support  is given to the conclusion 
that the higher plasma FFA concentrations observed 
for these subjects was influenced only secondarily to 
exercise induced changes in fat oxidation by the 
active muscle. Consistent with this is the finding that 
the men used only 14% more  lipid by weight during 
the exercise despite the fact that they possessed 40% 
more lean body mass than the women.  It  is also of 
interest that the percent  fat in metabol ism remained 
nearly constant for the women from rest through 
exercise while the men showed an immediate  drop 
followed by a gradual increase as the exercise 
continued (Fig. la) .  Despite  the fact that women may 
have a lower mitochondrial  density than men (Costill 
et al. 1978) this suggests that the women were able to 
rapidly adjust fat metabol ism to the caloric needs of 
the work while the men required the immediate  use 
of alternative substrates. 

In view of the finding that women showed an 
enhanced ability to mobilize fat, speculation as to the 
reason merits consideration. It  is evident that sex 
hormones  play a part  in the observed differences 
between men and women (Kim and Kalkoff  1975; 
Krotiewski and Bjorntorp  1976; Bonen et al. 1983) 
but it is also possible that the response of the adipose 
cell to neurological and hormonal  stimuli may have 
played a part  in differentiating the groups. Evidence 
exists to suggest that women possess more adipocytes 
and larger adipocytes in the gluteal region than do 
men (Sjostrom et al. 1972) and that gluteal subcu- 
taneous fat deposits have a greater sensitivity to 
lipolytic agents than do adipose cells at other sites 
(Rognum et al. 1982). In the present  investigation fat 
patterning was not considered but the differences in 

total fat content between the two groups was in the 
order of that expected for untrained subjects (Durnin 
and Womers ley  1974). This suggests that a resem- 
blance to typical contrast in fat patterning between 
the groups may have existed. As the present data can 
only lead to conjecture,  the suggestion is given to 
study gender and fat patterning as related to FFA 
activity during prolonged exercise. 

In conclusion, this study has demonstrated that 
gender differences occur in FFA responses to pro- 
longed submaximal exercise in untrained subjects. 
Women  were more  efficient in responding to exercise 
with an increased lipolytic rate in adipose tissue and 
they demonstra ted a greater  enhancement  of FFA 
metabolism in muscle tissue than was shown for the 
men. The findings of this study are of potential  value 
to subsequent investigators who may wish to study 
FFA responses to exercise in mixed groups of 
untrained men and women subjects. 
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