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For many decades researchers did not consider that there were any differences between 
the genders in the metabolic response to exercise. As a result, nutritional 
recommendations and exercise training prescriptions have not considered the potential 
for gender specific responses. More recently, we and others have demonstrated that 
females oxidize proportionately more lipid and less carbohydrate during endurance 
exercise as compared to males. The oxidation of amino acids is similarly lower in females 
as compared to males during exercise.These gender differences are partially mediated by 
a higher estrogen concentration in females. Specific areas where there are gender 
differences in nutritional/supplement recommendations include carbohydrate (CHO) 
nutrition, protein requirements and creatine (CRM) supplementation. We have shown 
that females do not carbohydrate load in response to an increase in dietary carbohydrate 
when expressed as a percentage of total energy intake (i.e., 55-75%), however if they 
consume >Sg CHO*kgrl,d-1, they show similar increases as compared to males. Top 
sport male and female athletes require somewhat more dietary protein as compared to 
sedentary persons. The maximal increase is ~100% for elite male athletes and ~50-60% 
for elite female athletes. Fortunately, most athletes habitually consume this level of 
protein intake. We have recently demonstrated that females show a lesser increase in 
lean body mass following acute CRM loading as compared to males. Females also did not 
show reductions in protein breakdown in response to CRM loading, whereas males did. 
In the future I expect that there will be further research from which gender specific 
nutritional/supplement recommendations can be made. 

Introduction 
The vas t  ma jo r i ty  of the  r e s e a r c h  in  the  a r e a s  of spo r t s  nut r i t ion ,  m u s c l e  
me t abo l i sm  a n d  exercise  physiology h a s  been  conduc t ed  us ing  p r e d o m i n a n t l y  
male  pa r t i c ipan t s .  It h a s  been  a s s u m e d  t h a t  the  physiologic  r e s p o n s e s  to exercise  
a re  s imi la r  be tween  males  a n d  females.  Even in the  1980's ma jo r  exercise  
physiology t ex tbooks  s t a ted  t ha t  there  were  no  gender  differences in  the  metabo l ic  
r e s p o n s e  to exercise.  More recent ,  careful ly  contro l led  r e s e a r c h  h a s  cas t  d o u b t  on  
these  conc lus ions  which  h a s  led severa l  r e s e a r c h e r s  to re invest igate  the  ques t ion  
of po ten t ia l  gende r  difference in  m e t a b o l i s m  (Horton, Pagliassot t i ,  et  al., 1998; 
F r i ed l ande r ,  Casazza ,  e t  al . ,  1998; T a r n o p o l s k y ,  B o s m a n ,  et  al . ,  1997; 
Tarnopolsky ,  Atkinson,  et  al., 1995, Phillips,  Atk inson ,  et  al., 1993; Tarnopo lsky ,  
MacDougal l ,  et  al., 1990). There  are  severa l  p robab le  r e a sons  for the  i n h e r e n t  
gender  b i a s  in  the  l i tera ture .  However, control l ing for the  p h a s e  of the  m e n s t r u a l  
cycle a n d  the  mi spe rcep t ion  t ha t  females  a re  no t  a s  l ikely to vo lunteer  for m u s c l e  
b iops ies  a n d  o the r  invasive s tud ies  a re  two possibi l i t ies .  It h a s  been  the  
exper ience  in  ou r  l abora to ry  t h a t  females  a re  equal ly  willing to vo lun tee r  for 
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muscle biopsy/isotope infusions and controlling for the menstrual  cycle is 
relatively easy when testing in the follicular phase, and only moderately more time 
consuming when testing in the luteal phase. 

This paper will outline some of the highlights from recent papers that  have 
explored the potential for gender differences in metabolism and the implications 
to nutrition and dietary supplements. It is apparent that there has  been a gender 
bias in the literature that  may have resulted in discriminatory sport recom- 
mendations. One striking example where the lack of knowledge regarding the 
response of females to endurance exercise was the exclusion of female 
competitors from the Olympic marathon until 1984. More recent research has 
demonstrated that, in fact, females may be able to outperform males in ultra- 
endurance sports. Two studies from South Africa examined the capacity of 
equally trained males and females to perform ultra-endurance sports (Speechly, 
Taylor, et al., 1996; Barn, Noakes, et al., 1997). In one study, Speechly and co- 
workers matched males and females for their performance at the marathon 
distance (42 km) and had these individuals run  for 90 km (Speechly, Taylor, et 
al., 1996). The study demonstrated that  females outperformed the males at the 
longer distance. These researchers claim that there were no differences in aerobic 
capacity, training history or r lmning economy, and made the claim that there 
were no difference in lipid oxidation based solely on plasma free fatty acid 
concentrations (which are not good indicators of lipid utilization) (Speechly, 
Taylor, et al., 1996). The second study matched males and females for a 56 km 
run  time, and again females outperformed the males at the 90 km distance (Bam, 
Noakes, et al., 1997). This group subsequently performed regression analysis on 
the data and showed that  the males outperformed females at distances of 5-42 
km, and after 66 km the females outperformed the males (Barn, Noakes, et al., 
1997). As I will discuss in this chapter, these performance differences are likely 
due to an enhanced capacity for females to rely on lipid oxidation during 
endurance exercise and better maintain plasma glucose concentrations. Some of 
the metabolic differences may be due to greater relative fibre area of type I/ type 
II fibres in females as compared to males (Chorneyko & Bourgeois, 1999), and /o r  
a lesser oxidative stress experienced by females vs. males (Tiidus, 1995). 

The implications of research on gender difference in metabolism to dietary 
recommendations, training programs and to certain dietary supplements has not 
been fully explored. However, I will provide a few examples where we have started 
to tease out some of the differences between the genders with respect to 
carbohydrate  nutrit ion, protein requirements  and creatine monohydrate  
supplementation. 

WhOle Body Substrate Oxidation 
In the 1970's and 80's there were a few studies which reported the metabolic 
response of both males and females to endurance exercise (Costfll, Fink, et al., 
1979; Froberg & P~dersen, 1984; Blatchford, Knowlton, et al., 1985; Friedmann 
& Kindermann, 1989). The results were equivocal with some researches reporting 
gender differences (Froberg & Pedersen, 1984; Blatchford, Knowlton, et al., 1985; 
Friedmalm & Kindermann, 1989), and others not finding any difference (Costfll, 
Fink, et al., 1979). One of the difficulties in interpreting these papers is the lack 
of many of them to control for timing of the menstrual cycle, and to not carefully 
match males and females for training history and VO2PEAK expressed relative to 
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fat-free mass. As I have argued previously, a matching process with a training 
history, menstrual status, diet analysis and VO2MAX testing expressed relative to 
fat-free mass takes into account both genetic (genetically determined "window of 
VO2 to potential") and environmental (state of training) factors (Tarnopolsky, 
1999). Since our first publication in 1990 (Tarnopolsky, MacDougall, et al., 1990), 
we have completed three studies where we have carefully matched males and 
females for training history and VO2MAX relative to lean body weight (Tarnopolsky, 
Bosman, et al., 1997; Tarnopolsky, Atkinson, et al., 1995; Phillips, Atldnson, et 
al., 1993), and three longitudinal training studies taking untrained individuals 
and training them for 1-2 months (McKenzie, Phillips, et al., 2000; Rennie, Brose, 
et al., 2000; Carter, Rennie, et al., 2000). In addition to our training studies, 
George Brooks' group has also completed a similar study showing nearly identical 
results to our longitudinal studies (Friedlander, Casazza, et al., 1998). In a "meta- 
analysis" of most studies that have examined gender differences in metabolism, it 
is apparent that  during endurance exercise females oxidize proportionately more 
lipid and less carbohydrate as compared to males (Table 1) (Horton, Pagliassotti, 
et al., 1998; Friedlander, Casazza, et al., 1998; Tarnopolsky, Bosman, et al., 1997; 

Reference Subjects Exercise RER (mean) 

Costill et al., 1979 12 (~_ T 60 min run @ (~= 0.83 
12 O ~ T 70% V02PEA K (7= 0.84 

Froberg and 7 (~ A to exhaustion @ (~_ = 0.93 
Pedersen, 1984 7 C7 A 80+90% V02PEA K (.7= 0.97 

Blatchford, et al., 6 9_ A 90 min walk @ ~ =  0.81 
1985 6 C~ A 35% VO2PEA K (.Y= 0.85 

Tarnopolsky, et al., 6 (~ T 15.5 km run @ (~_ = 0.876 
1990 6 ~ T -- 65% V02PEA K (7= 0.940 

PhillipS, et al., 1993 6 9_ T 90 min cycle @ ~_ = 0.820 
6 T 65% V02PEA K (_7= 0,853 

Tarnopolsky, et al., 8 0 T 60 rain cycle @ ~_ = 0.892 
1995 7 (3' T 75% V02PEA K (7= 0.923 

Tarnopolsky, et al., 8 (~ T 90 min cycle @ ~_ = 0.893 
1997 8 (:7' T 65% V02PEA K (.7= 0.918 

Horton, et al., 13 ~_ T+U 120 min cycle @ ~) = 0.84 
1998 14 (7 T+U 45% V02PEA K (7= 0.86 

Freidlander, et al., 1998 17 ~) UTI~T 60 min cycle @ ~_ = 0.885 
19 (7 UTI~T 45 & 65% V02PEA K (7= 0.932 

McKenzie, et al., 6 ?_ UTI~T 90 min cycle @ ~. = 0.889 
2000 6 C~ UTI~T 65% VO2PEA K (7= 0.914 

Rennie, et al., 2000 6 (~ UTI~T 90 min cycle @ ~ =  0.893 
5 C~ UTI~T 60% V02PEA K (7= 0.945 

Carter, et al., 2000 8 (~ UTI~T 90 min cycle @ ~) = 0.847 
8 (3" UTI~T 60% V02PEA K (_Y= 0.900 

Values are mean (SD). (~ = females; C ~ = males; T = trained; A = active; U = untrained; U-T = 
longitudinal training study: for longitudinal training studies, the pre/post rides are all collapsed across time 
for each gender. T+U = trained and untrained in same study. *Significant gender difference (P<0.001). 

Table 1: Whole body substrate metabolism in males and females. 

289 



Gender Differences in Metabolism; Nutrition and Supplements 

Subjects RER CliO (%) FAT (%) PRO (%) 

N = 103 ~ 0.867 (0.037) 55 (10) 43 (9) 2 (2) 

N = 104 (7 0.904 (0.043) 65 (9)* 29 (8)* 6 (3)* 

Values are mean (SD). *Gender difference (P<0.001). 

Table 2: Summary of substrate ulitization in several studies (see Table 1) directly comparing males and females. 

Reference Subjects Exercise Protein (% of 
energy) 

Tarnopolsky, et al., 1990" 6 QO ~ T 15.5 km run @ ~ = 0.3 
6 T -65% V02PEA K = 9.1 

Phillips, et al., 1993f, * ~ (~T  90 rain cycle @ ~ =  2.0 
T 65% V02PEA K = 3.3 

Tarnopolsky, et al., 1995" 8 ~ T 60 min cycle @ ~ = 1.6 
7 (3" T 75% V02PEA K 6.3 

Tarnopolsky, et al., 1997" 8 ~ T 90 min cycle @ ~, = 2.0 
8 T 65% V02PEA K --- 3.0 

McKenzie, et al., 2000 f 6 ~C~ UTI~T 90 rain cycle @ ~, = 4.8 
6 UTI~T 65% V02PEA K 8.4 

Average Values: ~7 - 2.1 (1.6) 
6.0 (2.8) 

* - data based upon urinary urea excretion, f - data derived from L-1 913C)-Ieucine oxidation. Mean (SD). 

Table 3: Protein oxidation during endurance exercise. 

Tarnopolsky, Atkinson, et al., 1995; Phillips, Atkinson, et al., 1993; Tarnopolsky, 
MacDougall, et al., 1990; McKenzie, Phillips, et al., 2000; Costill, Fink, et al., 
1979; Froberg & Pedersen, 1984; Blatchford, Knowlton, et al., 1985; Rennie, 
Brose, et al., 2000; Carter, Rennie, et al., 2000). I feel that the consistent results 
from carefully controlled cross-sectional studies (Horton, Pagliassotti, et al., 1998; 
Tarnopolsky, Bosman, et al., 1997; Tarnopolsky, A ~ s o n ,  et al., 1995; Phillips, 
Atkinson, et al., 1993; Tarnopolsky, MaeDougall, et al., 1990), and the results 
from four longitudinal studies (Friedlander, Casazza, et al., 1998; McKenzie, 
Phillips, et al., 2000; Carter, Rennie, Brose, et al., 2000) provide strong evidence 
that there are in fact gender differences in metabolism during endurance exercise. 
A summary of some of the studies that have specifically reported gender 
differences in metabolism is presented in Table 1. I have also calculated the 
contribution of fat, carbohydrate and protein to energy metabolism from the 
studies in Table 1 for 104 males and 103 females (Table 2). It would be expected 
that  with a reducti'~n in carbohydrate oxidation, females would oxidize less 
protein (amino acids) consequent to endurance exercise. A summary of the 
contributions of protein to energy during endurance exercises is presented in 
Table 1 and 3. 

Carbohydrate Metabolism 
In our initial study using treadmill nmning we found that  females have 
significantly less glycogen depletion in the vasms  lateralis follo~ng 15.5 km of 
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treadmill running, as compared to females (Tarnopolsky, MacDougall, et al., 
1990). We hypothesized that this glycogen sparing was due to an enhanced 
oxidation of lipid by the muscles. We subsequently completed a study of glycogen 
utilization in males and females during 60 min of cycling and 75% of VO2PEAK 
(Tarnopolsky, Atkinson, et al., 1995). In this s tudy we did not find any glycogen 
sparing in the females. We have recently completed a training study where 
glycogen was measured pre- and post-exercise before and after 31 days of 
endurance cycling exercise (McKenzie, Phillips, et al., 2000). Again, we did not 
find gender difference in muscle glycogen utilization during 90 min of cycling at 
60% of VO2PEAK both before and after the training session (McKenzie, Phillips, et 
al., 2000). This latter study (McKenzie, Phillips, et al., 2000) haled out that  
exercise intensity differences were responsible for the differing result in our 1st 
and 2nd study, but  still left open the question that  there may be gender 
differences in the pattern of activation in certain muscles during running vs. 
cycling. 

The mechanism behind the potential glycogen sparing effect is likely the female 
sex hormone, 17-[3-estradiol. Two studies have demonstrated that  the admin- 
istration of 17-~-estradiol to male (Rooney, Kendrick, et al., 1993; Kendrick & 
Ellis, 1991) and female oophorectomized (Kendrick, Steffen, et al., 1987) rats 
resulted in significant muscle glycogen sparing during exercise. Furthermore, 
these researchers have also shown hepatic glycogen sparing in response to 17-[3- 
estradiol (Rooney, Kendrick, et al., 1993; Kendrick & Ellis, 1991). 

In human  studies, Brent Ruby and colleagues have demonstrated that  17-[3- 
estradiol decreased glucose rate of appearance and disappearance in amenorrheic 
females (Ruby, Robergs, et al., 1997). We have confirmed these results in healthy 
males following response to 17-[3-estradiol administration (Carter, Mourtzakis, et 
al., 1999). Furthermore, we demonstrated a better maintenance of plasma glu- 
cose during endurance exercise following 17-[3-estradiol administration (Carter, 
Mourtzakis, et al., 1999). This finding is also consistent with the better main- 
tenance of plasma glucose that  we observed during our exhaustive treadmill 
exercise in the study reported in 1990 (Tarnopolsky, MacDougall, et al., 1990). A 
recent  s tudy  by our  group has  also demonst ra ted  that  17-[3-estradiol 
administration to males did not attenuate skeletal muscle breakdown during 
endurance exercise (Tarnopolsky, Ettinger, et al., 1997). Together, these data 
suggest that  some of the gender differences in carbohydrate metabolism could be 
due to hepatic, and not skeletal muscle glycogen sparing. 

Lipid Metabolism 
The mechanism behind the observed increase in lipid oxidation during endurance 
exercises for females is still unclear. We have demonstrated a higher plasma free 
fatty acid and glycerol concentration during exercise in females as compared to 
males in some (Rennie, Brose, et al., 2000; Carter, Rennie, et al., 2000) but  not 
all (Tarnopolsky, Atkinson, et al., 1995; Tarnopolsky, MacDougall, et al., 1990) 
studies. Both our group (Carter, Mourtzakis, et al., 1999) and Brent Ruby's (Ruby, 
Robergs, et al., 1997) did not find that physiologic doses of 17-[~-estradiol affected 
glycerol rate of appearance (an indicator of lipolysis) in amenorrheic males and 
females, respectively. However, in a recent training study, we have found that  
females showed a higher rate of glycerol rate of appearance as compared to males 
(Carter, Mourtzakis, et al., 1999). It may be that  the higher percent body fat in 
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females contributes to the higher glycerol rate of appearance (lipolysis). This 
would provide for more substrate for lipid oxidation by the muscle. 

Animal data supports that 17-[~-estradiol partitions lipid towards skeletal 
muscle. Studies have demonstrated that  muscle lipoprotein lipase is increased, 
whereas adipocyte lipoprotein lipase is decreased following estradiol admin- 
istration (Ellis, Imnza-Jacoby, et al., 1994). The administration of 17-~-estradiol 
also resulted in increase in intra-muscular triglyceride stores (Ellis, Lanza- 
Jacoby, et al., 1994). These findings are consistent with the observation that  
females have higher intramuscular  triglyceride stores as compared to males 
(Forsberg, Nilsson, et al., 1991). Observations in showing that  triglyceride syn- 
thesis and breakdown occur simultaneously during exercise in skeletal muscle 
(Dyck & Bonen 1998) and that  glucose and glycerol can be taken up from the 
plasma and stored as triglyceride (Guo & Jensen 1999) will make the assessment 
of the contribution of intramuscular triglycerides and plasma free fatty acids to 
total energy a very technically demanding endeavour. 

From a muscle enzymatic standpoint, there is some evidence that  ~-hydroxy- 
acyl-CoA-dehydrogenase activity (BHAD) is higher in females as compared to 
males (Green, Fraser, et al., 1984). However, this effect is subtle at best. We have 
recently not found any differences in the total amount  of long chain acyl CoA- 
dehydrogenase protein between males and females (Green, Fraser, et al., 1984; 
Rennie, Brose, et al., 2000). Others have not found gender differences in total 
carnitine palmitoyl transferase (cFr} activity (Costill, Fink, et al., 1979), or CPT1 
activity (Berthon, Howlett, et al., 1998). It is possible, however, that  other enzymes 
involved in intra-muscular triglyceride utilization may show gender differences. 
For example, we are currently examining skeletal muscle hormone sensitive lipase 
differences between the genders. 

Protein 
We initially reported that males increased 24h urinary urea nitrogen excretions 
following endurance exercise (compared to a rest day) whereas females did not 
(Tarnopolsky, MacDougall, et al., 1990). We interpreted this to indicate that  males 
oxidize proportionately more protein (amino acids) during exercise (Tarnopolsky, 
MacDougall, et al., 1990). We followed up on this by using L-[1-13Cl-leucine 
tracers and nitrogen balance (NBAL) and confirmed that males oxidize pro- 
portionately more protein (NBAL) and leucine (tracers) during exercises as 
compared to females (Phillips, Atkinson, et al., 1993). We went on from these 
studies to complete a longitudinal s tudy of the adaptations in protein metabolism 
for 31 days of endurance exercise training (McKenzie, Phillips, et al., 2000). Six 
untrained males and females completed 31 days of endurance training and 
performed 90 min of cycle ergometry at 65% VO2pEAK before and following 
training. We found that females had a lower leucine oxidation as compared to 
males during endurance exercise, both before and after the training session. Of 
even more interest was the fact that  both groups nearly doubled leucine oxidation 
from rest to exercise before training, yet there was a massive attenuation of this 
response following exercise training, such that leucine oxidation did not increase 
during exercise as compared to rest (McKenzie, Phillips, et al., 2000). Although 
this would seem at odds with the observation that  the trained athletes required 
more protein, we did observe that  the total activity of the rate limiting enzyme and 
branched chain amino acid oxidation (branched chain-2-oxo-dehydrogenase) was 
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increased 40% following training (McKenzie, Phillips, et al., 2000). This indicates 
that the total metabolic capacity to oxidize amino acids was higher in the trained 
athlete and individuals who might not have optimal protein and carbohydrate 
intakes may risk oxidizing protein during training sessions and, as a result, 
increase their dietary requirements for protein. 

Nutritional Implications of Gender Differences in 
Metabolism 
Carbohydrate loading 
The vast majority of studies examining the response of muscle and glycogen to an 
increase in consumption of dietary carbohydrates (carbohydrate loading) have 
been conducted with predominantly male subjects (Sherman, Costill, et al., 1981; 
Bergstrom, Hermansen, et al., 1967; Karlsson & Saltin, 1971). Studies have 
shown that glycogen storage is altered by menstrual  cycle phase (Nicklas, 
Hackney, et al., 1989) and that glycogen metabolism is markedly influenced by 
17-~-estradiol (Rooney, Kendrick, et al., 1993; Kendrick & Ellis, 1991; Kendrick, 
Steffen, et al., 1987). Given the attenuation in glycogen utilization during exercise 
seen in rodents with 17-~-estradiol administration (Rooney, Kendrick, et al., 
1993; Kendrick & Ellis, 1991; Kendrick, Steffen, et al., 1987), and the attenuation 
observed by us  in male and female during a 15.4 km running trial (Tarnopolsky, 
MacDougall, et al., 1990), we hypothesized that  the ability for females to glycogen 
load may be attenuated as compared to males (Tarnopolsky, Attdnson, et al., 
1995). 

We examined the response of muscle glycogen to a modified carbohydrate 
loading protocol whereby exercise intensity was tapered for 4d and dietary 
carbohydrate intake was either 57 or 75% of total energy intake (Tarnopolsky, 
Atkinson, et al., 1995). In response to the higher carbohydrate intake, the male 
subjects demonstrated a 41% increase in muscle glycogen and a 45% im- 
provement in performance during in an exhaustive exercise bout  following 1 hr of 
cycling at 75% of VO2PEA K, whereas the females showed no increase in muscle 
glycogen and no affect on performance (Tarnopolsky, Atkinson, et al., 1995). We 
hypothesized that  the inability of females to carbohydrate load may have been due 
to an intrinsic difference in the enzymatic and /o r  transport  capacity for glycogen 
resynthesis/glucose uptake, or alternatively, that  the carbohydrate intake 
(expressed related to body weight) was not high enough to promote glycogen 
supercompensation for the females (Tarnopolsky, Atkinson, et al., 1995). For 
example, in that  study (Tarnopolsky, Atkinson, et al., 1995), the energy intake 
was 32.4 kcal*kg-l*d -1 for females and 45.1 kcal*kg-]*d -1 for males, and carbo- 
hydrate intake was 4.8 g*kgl*d -1 and 6.4 g*kg-l*d -1 for females and 6.6 g°kg-l*d - 
1 and 8.2 g*kg-l°d -1 for males, respectively, on the low and high carbohydrate diet. 
In most of the studies of carbohydrate loading in males (Sherman, Costill, et al., 
1981; Bergstrom, Hermansen, et al., 1967; Karlsson & Saltin 1971), the dietary 
carbohydrate intake was greater than 8 g*kg-l*d -1 and review articles (Burke & 
Hawley, 1999) have recommended that carbohydrate be expressed per kg and 
that  8-10 g°kg-]°d -1 was required for carbohydrate loading. 

We subsequently compared the glycogen resynthesis rate in males and females 
following endurance exercise (90 mill @ 65% of VO2PEAK) to placebo, carbohydrate 
(1 g*kg -1 CHO) and carbohydrate/protein/fat  (0.7 g°kg -1 CHO/0.1 g*kg -1 
PRO/0.02 g°kg-l°d -1 FAT) given immediately and one h after exercise. The rate of 
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glycogen resynthesis in the first 4h was higher in the CHO and CHO/PRO/FAT 
as compared to placebo and not between the genders (Tarnopolsky, Bosman, et 
al., 1997). This suggested that, at least in the early glycogen resynthesis phase, 
males and females have a similar capacity to synthesize glycogen when the 
substrate is delivered at the same amount  relative to body mass. 

We have recently gone on to further explore the original observation of an 
apparent inability for females to carbohydrate load and tested the hypothesis that 
providing extra energy, and hence increasing carbohydrate intake to greater than 
8 g*kg-l°d -1 would allow females to carbohydrate load similarly to males 
(Tarnopolsky, et al, Abstract presented at this conference). Well-trained male and 
female (~61 athletes) were given each of three diets for 4d in random order 
(CH0=75% energy for carbohydrate; CHO+E=CHO + 32% of extra energy and 
HAB = habitual diet (N58% of CHO). We find that males increased muscle glycogen 
(HAB<CHO<CHO+E) whereas females did not show any increase from HAB to 
CHO yet did increase from HAB<CHO=E. These results suggested that  a 
previously reported gender difference in carbohydrate loading was due to the 
lower energy/carbohydrate intake (32.4 kcalokgl /6 .4  gCHO.kg -1) for females. 
On a practical level, a female athlete consuming 2000 kcal°d -1 is not likely to be 
able to CHO load by merely increasing the percentage of dietary CHO and should 
consume ~30% more energy for 4d to ensure that CHO intake is >8 g°kg-l.d -1. 

Protein Requirements 
As mentioned above, endurance exercise training results in a lesser amino acid 
(protein) oxidation, however, the metabolic capacity to oxidize amino acids 
increases (McKenzie, Phillips, et al., 2000). Thus, an athlete who is training very 
vigorously and /o r  is energy or carbohydrate deficient could require a higher 
intake of protein. To test whether the protein requirements for sedentary persons 
were adequate for well trained athletes we measured nitrogen balance (NBAL) in 
these athletes while consuming a PRO intake of 0.94g PRO°kg-l°d-] and 0.8 *kg-1°d-1 
for males and females, respectively (Phillips, Atkinson, et al., 1993). At this "safe" 
intake all athletes were in negative NBAL. This intake was not adequate to 
maintain nitrogen balance. The data suggested that  for well-trained athletes 
protein intakes are about 1.2 g°kg-]°d -] for males and 1.0 g°kg-l°d -1 for females, 
as required to maintain nitrogen balance during moderate training. We have also 
demonstrated that top sport male athletes required about 100% more protein as 
compared to sedentary individuals (Tarnopolsky, MacDougall, et al., 1988), 
which, based upon our gender difference studies (McKenzie, Phillips, et al., 2000; 
Phillips, Atkinson, et al., 1993) could amount  to about a 50-60% increase in 
requirements for protein. Fortunately, most males and females consume enough 
protein habitually such that  any increased requirement is easily met (McKenzie, 
Phillips, et al., 2000; Tarnopolsky, Bosman, et al., 1997; Tarnopolsky, Atkinson, 
et al., 1995; Phillips, Atkinson, et al., 1993; Tarnopolsky, MacDougall, et al., 
1990). However, for e~ergy restriction athletes, it may be important to consider 
these absolute protein requirements. 

Creatine Monohydrate Supplementation 
Creatine is a guanidino compound that  is produced endogenously in the liver and 
pancreas and consumed exogenously in meat-containing products. Creatine is 
transported into skeletal muscle, heart  and brain (and other tissues) by a sodium- 
dependent creatine transporter (Guimbal & Kilimann, 1993). In muscle, brain 
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and heart  creatine functions predominantly as a temporal energy buffer to re- 
phosphorylate ADP. In addition, it has  a role in "energy sensing" and "shuttling" 
between the cytosol and the mitochondria through the creatine-phosphocreatine 
shuttle (Wallimaim, Wyss, et al., 1992). Studies performed in cell culture have 
demonstrated an  increase in actin-myosin protein synthesis and an increase in 
myosin mRNA in response to creatine (Young & Denome, 1984). 

Humans  can increase the concentration of total creatine and phosphocreatine 
in skeletal muscle  by oral supplementat ion with 20 g m / d  for 3-5d (Harris, 
Soderlund, et al., 1992) or 3 g m / d  for 28d (Hultman, Soderlund, et al., 1996}. 
Numerous studies have demonstrated an  enhancement  of high intensity power 
output  following creatine monohydrate supplementat ion and an increase in fat- 
free mass  (Juhn & Tarnopolsky 1998; Mihic, MacDonald, et al., 2000). Several 
longitudinal studies have demonstrated a greater increase in strength and fat-free 
mass  during resistance exercise training when supplementing the creatine as 
compared to placebo (Vandenberghe, Goris, et al., 1997; Kreider, Ferreira, et al., 
1998; Volek, Duncan, et al., 1999). With a notable exception (Vandenberghe, 
Goris, et al., 1997}, the majority of these studies have been conducted with 
predominantly or exclusive males. 

One s tudy had demonstrated that  females have a slightly higher muscle 
creatine content as compared to males (Forsberg, Nllsson, et al., 1991) which, if 
confirmed, could indicate that  the propensity for females to creatine load could be 
attenuated. We examined the effect of 5d of creatine loading (20 g.d-1 x 5d) in both  
males (N = 15) and females (N = 15) and found that  females increase fat-free mass  
by 0.4 kg, whereas  males increased by 1.4 kg. Even when considering the 
differences in weight, this amounted to a 1% increase for females, and a 2% 
increase for females (Mihic, MacDonald, et al., 2000). We had hypothesized that  
this could be due to gender differences in basal  total and phosphocreatine, 
however, a subsequent  s tudy by our group found that  the basal  concentrations of 
total and phosphocreatine were similar between males  and females and the 
response to creatine loading was identical (Parise, Mihic, et al., 2000). Using a 
randomized double-blind cross-over trial, we also demonstrated that  both males 
and females had an increase in peak and mean  power output  on maximal cycle 
ergometry (30s Wingate test) (MacLennan & Tarnopolsky, 1997). 

To further investigate the mechanism behind these gender differences in fat-free 
mass ,  we used stable isotope methodology to measure  whole body protein kinetics 
and fractional synthetic rate of muscle protein in response to creatine loading in 
males (N = 12) and females (N = 12). As mentioned, both  groups showed similar 
increases in total creatine and phosphocreatine, yet there was no significant 
increase in mixed muscle fractional synthetic rates (Parise, Mihic, et al., 2000). 
For the males, bu t  not the females, we found a reduction in leucine oxidation and 
a reduction in whole body proteolysis in response to creatine load (Parise, Mihic, 
et al., 2000). The magnitude of the effect was identical to that  observed in a recent 
s tudy of young males, given a hypotonic saline infusion (induction of cell swelling) 
(Waldegger, Klingel, et al., 1999). This suggested that  a positive effect of creatine 
on protein metabol ism occurs through an  a t tenuat ion of oxidation and  
breakdown and not a stimulation of synthesis. Given the directional similarities 
to the cell swelling study, it is possible tha t  the increase in creatine led to slight 
cell swelling which through a signaling mechan ism (i.e., h-sgk) (Waldegger, 
Klingel, et al., 1999) led to a reduction in proteolysis and  leucine oxidation. Given 
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the  s imilar  increases  in total  and  phosphocrea t ine  be tween  the  genders  and  the  
different effect on prote in  metabol i sm,  the  possibility of a gender  specific r e sponse  
in the downs t r eam signaling pa thways  in response  to cell swelling exists. 

Overall Summary 
In response  to long- term e n d u r a n c e  exercise (40-70% VO2PEAK), females  oxidize 
proport ionately more  lipid and  less carbohydra te  and  leucine  as  compared  to 
males.  

Females  are  able to ca rbohydra te  load by a s imilar  magn i tude  as  compared  to 
males  w h e n  consuming  a diet g rea te r  t h a n  8 g CHO*kg-l*d -1. Elite male  and  
female a th le tes  requi re  more  die tary  prote in  and  compared  to seden ta ry  
individuals,  however, this  increase  is easily m e t  t h rough  a mixed  energy sufficient  
diet. Following acute  creat ine  monohydra t e  supplementa t ion ,  females  do not  
increase  fat-free m a s s  by the s a m e  magn i tude  as males,  yet  they  show s imilar  
increases  in h igh- in tens i ty  per formance .  Long-term direct  gender  compara t ive  
s tudies  will be requi red  to de te rmine  whe the r  the interact ive effect of res i s tance  
t raining and  creat ine monohydra t e  show similar  increases  in s t r eng th  and  fat-free 
m a s s  be tween  genders.  Fu tu re  s tud ies  of nu t r i t i on /m e tabo l i sm  should  cons ider  
and  examine  possible gender  differences.  
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