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Abstract
Aim: Female cardiac transplant recipients' aerobic capacity is 60% lower than sex and age-
predicted values. The effect of exercise training on restoring the impaired aerobic endurance and
muscle strength in female cardiac transplant recipients is not known. This study examined the effect
that aerobic and strength training have on improving aerobic endurance and muscle strength in
female cardiac transplant recipients.

Methods: 20 female cardiac transplant recipients (51 ± 11 years) participated in this investigation.
The subjects performed a baseline six-minute walk test and a leg-press strength test when they
were discharged following cardiac transplantation. The subjects then participated in a 12-week
exercise program consisting of aerobic and lower extremity strength training. Baseline assessments
were repeated following completion of the exercise intervention.

Results: At baseline, the cardiac transplant recipients' aerobic endurance was 50% lower than age-
matched predicted values. The training program resulted in a significant increase in aerobic
endurance (pre-training: 322 ± 104 m vs. post-training: 501 ± 99 m, p < 0.05) and leg-press strength
(pre-training: 48 ± 16 kg. vs. post-training: 78 ± 27 kg, p < 0.05).

Conclusion: Aerobic and strength training are effective interventions that can partially restore the
impaired aerobic endurance and strength found in female cardiac transplant recipients.

Exercise training is an effective intervention that can par-
tially restore the impaired aerobic capacity and muscu-
loskeletal fitness (i.e. muscle strength) found in cardiac
transplant recipients [1,2]. However, previous reports
have focused exclusively on the effects of exercise training
in men. Therefore, the effect of exercise training on these

outcomes in female cardiac transplant recipients is not
known [2-7]. Importantly, a majority of female cardiac
transplant recipients do not engage in regular physical
activity leading to increased levels of fatigue, poor func-
tional status and reduced exercise capacity [8-10]. Based
on this rationale, the aim of this study is to examine the
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effect that exercise training has on improving aerobic
endurance (i.e. distance walked in six-minutes) and lower
extremity muscle strength in female cardiac transplant
recipients. We hypothesized that exercise training would
be a feasible and effective intervention to improve aerobic
endurance and lower extremity strength in female cardiac
transplant recipients.

Methods
Subjects and procedures
The participants for this study consisted of 20 (51 ± 11
years) clinically stable female cardiac transplant recipients
who participated in the University of Alberta Post-Trans-
plant Exercise Rehabilitation program between 1997 and
2003. All assessments and exercise training were per-
formed in the Physical Therapy Department at the Univer-
sity of Alberta Hospital. Ethics approval for this study was
obtained from the Biomedical Ethics Board at our
University.

Outcome Assessments
The six-minute walk test was performed in accordance
with the American Thoracic Society guidelines [11]. In
addition, the six-minute walk scores were compared with
age-matched norms for healthy females published by Gib-
bons and associates [12]. Leg-press maximal strength test-
ing was performed on a commercially available leg-press
machine with the greatest weight lifted while adhering to
strict technique being used as the maximal score. All
assessments were repeated following the 12-week training
program.

Exercise Training Intervention
Exercise training consisted of supervised aerobic (cycling
and/or treadmill exercise at an intensity between 12 to 14
on the BORG perceived exertion scale for 30 to 40 min-
utes/day including warm-up and cool-down, 5 days/
week) and lower extremity strength training.

Data analysis
Statistical analysis was performed with a one-way analysis
of variance. The alpha level was set "a priori" at p < 0.05.
Data are presented as mean ± SD.

Results
Baseline testing was performed 37 ± 27 days after cardiac
transplantation.

Aerobic Endurance
At baseline, our participants' aerobic endurance was 50%
lower than age-matched predicted values (Figure 1).
Twelve weeks of training resulted in a significant increase
in aerobic endurance, however, it remained 22% lower
than age-predicted values (Figure 1).

Leg Press
Leg-press maximal strength increased by 64% after three
months of training (pre: 48 ± 16 kg vs. post: 78 ± 27 kg, p
< 0.05).

Discussion
This is the first study to examine the effect that combined
aerobic and strength training have on improving aerobic
endurance and musculoskeletal fitness in female cardiac
transplant recipients. The main finding of this study is
that combined aerobic and strength training is a feasible
and effective intervention to partially restore female car-
diac transplant recipients' aerobic endurance and leg-
press strength.

Cole et al. [9] recently found that female cardiac trans-
plant recipients' aerobic capacity was 60% lower than age-
predicted values. Consistent with this finding, our trans-
plant recipients' baseline aerobic endurance was 50%
lower than age predicted values. Moreover, our partici-
pants pre-training leg-press strength was 36% lower than
that found in age-matched male cardiac transplant recipi-
ents tested in our laboratory [13]. The mechanisms
responsible for the impaired cardiovascular and muscu-
loskeletal fitness are likely secondary to abnormalities in
cardiac and skeletal muscle function associated with pre-
transplant heart failure, post-transplant deconditioning,
cardiac denervation or immunosuppressuion therapy
[14].

Several research groups [2,3,13] have demonstrated that
exercise training initiated in the early post-operative
period is associated with an increase aerobic endurance
[13], muscle mass [2], muscle strength [2,13] and bone
density [3] in male cardiac transplant recipients. This
study extends previous investigations by demonstrating
that 12 weeks of combined aerobic and strength training
are associated with a significant and marked improve-
ment in aerobic endurance and muscle strength in female
cardiac transplant recipients. The mechanisms responsi-
ble for the improvement in aerobic endurance was not
examined in this study, however, they may be due to favo-
rable improvements in mitochondrial oxidative proper-
ties [15,16] that increase arteriovenous oxygen difference
during exertion as aerobic training does not alter exercise
cardiac output in this population [4,17]. The training
mediated increase in leg-press strength that we found is
likely secondary to the increase in muscle mass that occurs
with aerobic [4] or combined aerobic and strength train-
ing [2]. The consequence of our training mediated
improvement in cardiorespiratory and musculoskeletal
fitness is that it may result in a favorable improvement in
mortality. Specifically, Kavanagh et al. [18] reported that
cardiac transplant recipients with the greatest training-
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mediated improvement in aerobic capacity and lean body
mass had a lower mortality rate 12 years after cessation of
the training program.

A limitation of our investigation is that we did not have a
non-exercise control group. However, our cardiac trans-
plant recipients are required to participate in a supervised
12-week exercise program beginning as an inpatient and
completed as an outpatient. Despite this limitation, the
improvement in aerobic endurance and leg-press strength
associated with our training program is similar to that
found in male cardiac transplant recipients who partici-
pated in our outpatient exercise rehabilitation program
[13].

Summary
A majority of female cardiac transplant recipients adhere
to a sedentary lifestyle and as result their aerobic capacity
is 60% lower than age-predicted values [9]. The effect that
exercise training has on improving female cardiac trans-

plant recipients' aerobic endurance and lower extremity
strength is not known. The primary finding of this inves-
tigation is that 12 weeks of aerobic and strength training
is an effective intervention that can improve aerobic
endurance and musculoskeletal fitness in recent female
cardiac transplant recipients. Moreover, the improvement
in aerobic endurance and leg-press strength is similar to
that found in male cardiac transplant recipients after com-
bined aerobic and strength training. In summary, female
cardiac transplant recipients should be encouraged to per-
form aerobic and strength training to increase their aero-
bic endurance and musculoskeletal fitness.

Competing interests
The author(s) declare that they have no competing
interests.

Authors' contributions
MH. Conceived the study, performed data analysis and
manuscript preparation.

Effect of exercise training on the distance walked in six-minutesFigure 1
Effect of exercise training on the distance walked in six-minutes. *, p < 0.05 vs. pre-training; †, p < 0.05 vs. post-training.
Page 3 of 4
(page number not for citation purposes)



Current Controlled Trials in Cardiovascular Medicine 2005, 6:10 http://cvm.controlled-trials.com/content/6/1/10
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

KR. Assisted with data collection and manuscript
preparation.

LF. Performed the exercise rehabilitation training and
assisted with manuscript preparation.

DK. Assisted with manuscript preparation.

DW. Assisted with manuscript preparation.

LJ. Assisted with manuscript preparation.

WT. Assisted with manuscript preparation.

All authors read and approved the final manuscript.

References
1. Kobashigawa JA, Leaf DA, Lee N, Gleeson MP, Liu H, Hamilton MA,

Moriguchi JD, Kawata N, Einhorn K, Herlihy E, Laks H: A controlled
trial of exercise rehabilitation after heart transplantation. N
Engl J Med 1999, 340:272-277.

2. Braith RW, Welsch MA, Mills RMJ, Keller JW, Pollock ML: Resist-
ance exercise prevents glucocorticoid-induced myopathy in
heart transplant recipients. Med Sci Sports Exerc 1998,
30:483-489.

3. Braith RW, Mills RM, Welsch MA, Keller JW, Pollock ML: Resist-
ance exercise training restores bone mineral density in heart
transplant recipients. J Am Coll Cardiol 1996, 28:1471-1477.

4. Kavanagh T, Yacoub MH, Mertens DJ, Kennedy J, Campbell RB, Saw-
yer P: Cardiorespiratory responses to exercise training after
orthotopic cardiac transplantation. Circulation 1988,
77:162-171.

5. Lampert E, Oyono-Enguelle S, Mettauer B, Freund H, Lonsdorfer J:
Short endurance training improves lactate removal ability in
patients with heart transplants. Med Sci Sports Exerc 1996,
28:801-807.

6. Ehrman J, Keteyian S, Fedel F, Rhoads K, Levine TB, Shepard R: Car-
diovascular responses of heart transplant recipients to
graded exercise testing. J Appl Physiol 1992, 73:260-264.

7. Keteyian S, Shepard R, Ehrman J, Fedel F, Glick C, Rhoads K, Levine
TB: Cardiovascular responses of heart transplant patients to
exercise training. J Appl Physiol 1991, 70:2627-2631.

8. Evangelista LS, Doering LV, Dracup K, Kobashigawa JA: Measuring
physical activity among female heart transplant recipients.
The Journal of Heart and Lung Transplantation 2003, 22.:S220..

9. Cole BT, Kobashigawa JA, Patel JK, Moriguchi J, Espejo Vassilakis M,
Go SE, Chait J, Lak H: Perception is deceiving: The real gender
specific exercise capacity of heart transplant recipients. The
Journal of Heart and Lung Transplantation 2003, 22.:S220..

10. Reyes CJ, Evangelista LS, Doering L, Dracup K, Cesario DA, Kobash-
igawa J: Physical and psychological attributes of fatigue in
female heart transplant recipients. J Heart Lung Transplant 2004,
23:614-619.

11. ATS statement: guidelines for the six-minute walk test. Am J
Respir Crit Care Med 2002, 166:111-117.

12. Gibbons WJ, Fruchter N, Sloan S, Levy RD: Reference values for a
multiple repetition 6-minute walk test in healthy adults
older than 20 years. J Cardiopulm Rehabil 2001, 21:87-93.

13. Haykowsky M, Eves N, Figgures L, Koller M, Burton J, Tymchak W:
Early initiation of aerobic and resistance training improves
peak aerobic power, leg-press maximal strength and dis-
tance walked in six minutes in recent cardiac transplant
recipients. The Journal of Heart and Lung Transplantation 2003,
22:S179.

14. Warburton DE, Sheel AW, Hodges AN, Stewart IB, Yoshida EM, Levy
RD, McKenzie DC: Effects of upper extremity exercise training
on peak aerobic and anaerobic fitness in patients after
transplantation. Am J Cardiol 2004, 93:939-943.

15. Zoll J, N'Guessan B, Ribera F, Lampert E, Fortin D, Veksler V, Bigard
X, Geny B, Lonsdorfer J, Ventura-Clapier R, Mettauer B: Preserved

response of mitochondrial function to short-term endurance
training in skeletal muscle of heart transplant recipients. J Am
Coll Cardiol 2003, 42:126-132.

16. Lampert E, Mettauer B, Hoppeler H, Charloux A, Charpentier A,
Lonsdorfer J: Skeletal muscle response to short endurance
training in heart transplant recipients. J Am Coll Cardiol 1998,
32:420-426.

17. Geny B, Saini J, Mettauer B, Lampert E, Piquard F, Follenius M, Epailly
E, Schnedecker B, Eisenmann B, Haberey P, Lonsdorfer J: Effect of
short-term endurance training on exercise capacity, haemo-
dynamics and atrial natriuretic peptide secretion in heart
transplant recipients. Eur J Appl Physiol Occup Physiol 1996,
73:259-266.

18. Kavanagh T, Mertens DJ, Shephard RJ, Beyene J, Kennedy J, Campbell
R, Sawyer P, Yacoub M: Long-term cardiorespiratory results of
exercise training following cardiac transplantation. Am J
Cardiol 2003, 91:190-194.
Page 4 of 4
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9920951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9920951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9565927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9565927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9565927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8917260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8917260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8917260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3275506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3275506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8832532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8832532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8832532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1506378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1506378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1506378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1885457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1885457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15135379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15135379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12091180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11314289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11314289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11314289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15050506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15050506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15050506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12849672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12849672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12849672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9708470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9708470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8781855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8781855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8781855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12521633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12521633
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Aim
	Methods
	Results
	Conclusion

	Exercise training is an effective intervention that can par tially restore the impaired aerobic capacity and muscu loskeletal fitness (i.e. muscle strength) found in cardiac transplant recipients 
	Methods
	Subjects and procedures
	Outcome Assessments
	Exercise Training Intervention
	Data analysis

	Results
	Aerobic Endurance
	Leg Press

	Discussion
	Summary
	Competing interests
	Authors' contributions
	References

