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PHYSICAL DECONDITIONING IN CHRONIC LOW BACK PAIN
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Objective: To establish the level of cardiorespiratory fitness
and the rate of decrease in maximal aerobic capacity accord-
ing to age in patients with chronic low back pain and com-
pare these with normative data.

Design: Prospective case series with historical controls.
Subjects/patients: Seventy patients with chronic low back
pain.

Methods: A maximal cycle ergometer protocol was used to
measure VO,max, heart rate, respiratory exchange ratio and
blood lactate levels.

Results: Seventy patients achieved absolute and normalized
for weight VO,max values of 2.17 (standard deviation (SD)
0.65) I/min and 30.79 (SD 7.77) ml/kg/min, respectively. Ab-
solute VO,max was poorly related to age in both men and
women with chronic low back pain (r=-0.22 and r=-0.28,
respectively). VO,max normalized for weight was also in-
versely related to age in both men and women (r=-0.36 and
r=-0.42, respectively). The rate of VO,max decline between
20 and 59 years was —3.3 ml/kg/min/decade for the entire
population and —1.2 and —5.4 ml/kg/min/decade in men and
women, respectively.

Conclusion: The level of physical fitness of patients with
chronic low back pain is comparable to the physical fitness
of healthy, but poorly conditioned subjects. Patients with
chronic low back pain show a VO,max decline with ageing
that is slower than of active subjects.
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INTRODUCTION

Chronic low back pain (CLBP) is one of the most disabling and
costly problems that affects modern society; nevertheless, in
a lot of patients an underlying pathology cannot be identified.
In developing countries its prevalence is much lower in rural
populations that are continually exposed to greater physical
effort; however, the values observed in urban populations are
quite close to those found in industrialized countries (1).
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There is evidence that bed-rest can harm patients with back
pain (2, 3). In patients with CLBP it has been hypothesized that
a progressive diminution of physical activity has a negative
impact on maximal aerobic capacity, creating a vicious circle
in which inactivity leads to even more deconditioning and fur-
ther inactivity (4). It is, however, not proven that patients with
chronic pain have a lower physical activity level than healthy
individuals (5, 6). Maximal aerobic capacity, as assessed by
maximal aerobic uptake (VO,max), is closely related to the level
of exertion during physical activities that involve repetitive use
of large muscles, as in activities such as walking, jogging and
cycling. Nowadays this physiological variable can be considered
areliable parameter for measuring a subject’s functional reserve.
High aerobic capacity in physically active subjects ensures
adequate function in activities of daily living, while the highest
values of VO, are measured in endurance-trained subjects. A
high level of VO,max has also been considered an important fac-
tor in successful ageing (7). VO,max decreases approximately
7 ml/kg/min/decade between the ages of 20 and 60 years, with
a possible acceleration thereafter (8). It is uncertain what pro-
portion of this loss is inevitable, and to what extent this decline
is due to a progressive reduction in daily physical activity. At
the age of 60 years, the VO,max decreases to approximately
50% of the value observed in young adults (8). However, some
reports state that individuals who remain vigorously active with
ageing maintain their VO,max for many years (9). Astrand (8)
has proposed poor, moderate and good categories of aerobic
capacity for gender and age, based on maximal exercise test-
ing in healthy subjects, the VO,max in women representing
approximately 85% of that for men. Its variation with inactivity
represents a good index of the metabolic and cardiorespiratory
consequences of a deconditioning process.

Using different methods of estimation, some authors have
determined the level of aerobic capacity in patients with
CLBP, ranging from deconditioned patients to healthy active
subjects. Lower VO,max values, compared with those of
healthy controls, were measured using extrapolated values
from a submaximal test by Smeets et al. (4) and Robert et al.
(10). Lower values in women were also reported by Hoch et
al. (11) using a graded continuous maximal exercise test. On
the other hand, Wittink et al. (12), using symptom-limited test,
Rasmussen et al. (13) using a submaximal test and Nielens &
Plaghki (14) establishing the physical working capacity index
and the physical activity level scores, found that aerobic fitness
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levels in patients with CLBP are comparable to those of healthy
subjects. However, maximal exertion is important for measur-
ing VO, max accurately. In the present study patients performed
the test until exhaustion and, additionally, the physiological
criteria of achievement of VO,max were considered.

The aim of this study is two-fold; first, to establish the
maximal oxygen uptake and its rate of decline with ageing in
patients with CLBP and secondly, to compare it with reference
data involving healthy subjects.

METHODS

A total of 101 patients were referred by rehabilitation physicians from
the functional restoration programme for disabled patients with CLBP of
the rheumatology service of Cochin University Hospital, Paris, France.
All the patients volunteered to perform a bicycle exercise test until
exhaustion. Thirty-one (30.7%) patients failed to perform a maximal
test and achieved a VO,peak value. Only 70 subjects achieved VO,max
criteria during the test and were included in the study. These patients
met the following criteria: (i) low back pain for at least 6 months; (i7)
at least 4 months of continuous sick-leave from work because of back
pain; (iii) no obvious medically or surgically treatable lesion; and (iv)
absence of cardiorespiratory contraindications for heavy exercise. All
subjects were apparently healthy and free of obvious coronary artery
disease as assessed by medical history questionnaire.

Before participation, each patient was informed of test procedures
and their potential risks and signed an informed consent to participate
in the investigation. All procedures were approved by the University
Institutional Review Board for Human Subjects. Patients were asked
to report to the laboratory 2 h post-prandial and to wear loose, com-
fortable clothing. Demographic data, body weight and height were
recorded. Body mass was measured with a physician’s balance scale
(Detecto, Webb City, MO, USA) to the nearest 0.1 kg. Pain severity
was measured using a 100-mm visual analogue scale (VAS) as proposed
by Carlsson (15). Physical strenuousness at work was measured us-
ing the Baecke total physical activity score (16). For the assessment
of severity of back pain, functional and psychological aspects were
measured using the Main and Waddell’s functional index (17) and the
Hamilton’s Anxiety Score (18), respectively.

Exercise consisted of a discontinuous incremental test with an initial
stage at 30 watts, followed by a 30 watt increase at each 3 min stage.
Between each stage there was a 1 min rest period. A Bosch ERG 550*
(Bosch, Barlin, Germany) cycle ergometer, equipped with an electro-
magnetic brake was utilized. The pedal rate was maintained at 60 rpm.
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Standard instructions were given for obtaining a maximal effort during
the test. Respiratory gas exchanges were measured breath by breath,
using, a Medical Graphics® Cardiopulmonary Exercise System CPX/D
(Medical Graphics, St Paul, MN, USA) equipped with a zirconium
cell and carbonic infra-red gas. The gas analysers were calibrated im-
mediately prior to each test session using calibration gases. Metabolic
data were updated every 30 sec. Electrical heart activity was monitored
continuously during the test with a Schiller® A.G Cardiovit CS-200
(Schiller, Baar, Switzerland) 12 -lead electrocardiograph. Maximal heart
rate was defined as the highest value recorded during the test and was
divided by the predicted maximal heart rate (220 minus age in years) to
calculate the percentage of maximal heart rate achieved. Blood lactate
concentration was measured using the enzymatic method proposed by
Guttman & Wahlefeld (19). Blood samples were obtained from the ear
lobe after 5 min rest in a recumbent position prior to the test, at the end
of each stage during the test and following 5 min recovery.

Based on the review by Howley et al. (20) concerning VO, max
achievement criteria, the test was considered maximal if the subject
reached the primary criterion (variation <=2 ml/kg/min with respect to
the VO, from the last test charge increment), or 2 of the 3 secondary
criteria (blood lactate = 6.7 mmol/l, respiratory exchange ratio = 1.13
or maximal heart rate = 90% of the theoretical maximum). Normalized
values of VO, are the absolute values in ml O, per min divided by
body weight in kg. The VO, max values obtained were compared with
the aerobic fitness norms proposed by Astrand (8) based on maximal
exercise testing in healthy subjects.

Data analysis

For the descriptive analysis, results are expressed as percentage and
mean (standard deviation (SD)). A proportion test was used to obtain
percentage comparisons. One-way analysis of variance was used to
determine differences between dependent variables when subjects were
classified according to age groups by decades. Univariate correlations
and regression analyses were performed to determine the correlations
among the dependent variables and the proportion of variance in VO,max
explained by selected predictor variables. Changes in VO,max with
ageing were calculated from the mean values of the upper and lower
age ranges. Stepwise multiple-regression analysis was used to identify
significant, independent determinants for the age-related declines in
VO,max. Differences were considered to be significant when p<0.05.

RESULTS

A total of 101 patients with CLBP accepted to participate in
the study. Seventy (69.3%) subjects who achieved VO,max

Table 1. Characteristics of patients and comparison between men and women

Total sample Men Women

Variable n=70 n=37(52.9%) n=33 (47.1%) p-value
Age, years, mean (SD) 39.2(7.1) 38.9(7.5) 39.7 (6.8) NS
Height, cm, mean (SD) 167.3 (7.8) 172.2 (6.5) 161.9 (5.2) <0.001
Body weight, kg, mean (SD) 70.5 (12.8) 76.3 (11.6) 64.0 (11.1) <0.001
Body mass index, kg/m?, mean (SD) 252 (44) 25.8(3.9) 24.5 (4.9) NS
LBP duration, months, mean (SD) 69.4 (57.2) 63.4(49.0) 76.2 (64.6) NS
Pain at rest, VAS 100 mm, mean (SD) 51.7 (23.8) 44.6 (21.1) 59.3 (24.6) <0.05
Radicular pain, % 63.3 58.4 41.6 NS
Physical strenuousness at work, %,

Light 55 37 8.1 NS

Medium 28.5 14.8 48.6 <0.05

Heavy 66.0 81.5 432 <0.001
Months off work, months, mean (SD) 12.0 (8.6) 13.1 (8.7) 10.9 (8.6) NS
Previous back surgery, % 21.7 11.9 9.9 NS
Main and Waddell’s functional index (0-9), mean (SD) 3.9(2.3) 3.52.2) 4.3 (2.4) NS
Hamilton’s Anxiety score (0-56), mean (SD) 8.5(8.4) 590.2) 11.1(7.6) NS

LBP: low back pain; VAS: visual analogue scale; NS: not significant; SD: standard deviation.
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Fig. 1. Comparison in men of values normalized for weight VO, max values

between patients with chronic low back pain (CLBP) and normative data
(modified from Astrand (8)) (n=37).

criteria during a maximal cycle ergometer protocol were
included in the study and none had to interrupt the test pre-
maturely because of electrocardiographic modifications and/
or signs of cardiovascular abnormalities. The remaining 31
subjects were excluded from the study. Comparison between
those who did not and those who did participate showed no
significant difference regarding anthropometric parameters,
severity of back pain and level of disability. Table I presents
percentages and mean values (SD) of demographic and anthro-
pometric characteristics of the population and assessment of
severity of back pain. The p-values for comparison between
men and women are presented. Body weight and height were
significantly greater in men (p <0.05). Heavy level of physical
strenuousness at work was significantly more frequent in men
(»<0.05). Medium level of physical strenuousness at work was
significantly more frequent in women (p <0.05). Pain intensity
was significantly greater in women (p <0.05).

In our study, we measured a mean absolute VO,max value
of 2.17 (SD 0.65) I/min. The mean absolute values for men
and women were 2.58 (SD 0.56) and 1.72 (SD 0.41) /min
respectively, representing a highly significant difference be-
tween sexes (p <0.001). The mean measured value of VO, max
normalized for weight was 30.8 (SD 7.77) ml/kg/min. There
was also a highly significant difference between mean values
for men (33.9 (SD 6.75) ml/kg/min) and women (27.2 (SD
7.27) ml/kg/min) (p<0.001)).
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Fig. 3. Comparison in men of rates of decline in VO,max with increasing
age between patients with chronic low back pain (CLBP) (our study) and
healthy sedentary and endurance-trained subjects (modified from Pimentel
etal. (33)).
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Fig. 2. Comparison in women of normalized for weight VO,max values
between patients with chronic low back pain (CLBP) and normative data
(modified from Astrand (8)) (n=33).

In subjects as a whole and in men and women independently,
a linear regression analysis demonstrated that absolute VO,max
was inversely and poorly related to age (p=NS). VO,max
normalized for weight was inversely and modestly related to
ageing in patients with CLBP (r=-0.037, p<0.05). Values
for men and women were: »=-0.36 (p=0.02) and r=-0.42
(»=0.01), respectively (Figs. 1 and 2).

When compared with normative categories of VO, max, men
and women showed a decrease trend line with ageing similar to
that proposed by Astrand (8). The trend line was situated both,
in men and women, between the moderate and poor categories.
Compared with absolute values of VO,max, normalized for
weight values were lower in the lower age ranges.

The rate of decline of VO,max between 20 and 59 years for
the whole population was —3.3 ml/kg/min/decade, and —1.2
and —5.4 ml/kg/min/decade for men and women, respectively.
The comparison of our findings with healthy sedentary and
endurance-trained subjects is shown in Figs 3 and 4.

DISCUSSION

To date, most articles concerning aerobic capacity in patients
with CLBP present results based on submaximal testing and
none has focused on measuring maximal oxygen uptake during
a graded maximal exercise. In our study, the measurement of
VO,max during a graded exercise until exhaustion supports

= CLBP patients
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Fig. 4. Comparison in women of rates of decline in VO,max with increasing
age between patients with chronic low back pain (CLBP) (our study) and
healthy sedentary and physically active subjects (modified from Tanaka
et al. (34)).



the validity of the assessment. A value higher than 3 in the
Waddell’s somatization score for our patients demonstrates,
accordingly to that proposed in the literature (17), a strong
component of magnification of symptoms or possible illness
behaviour. The comparison of absolute and normalized for
weight VO, max values with normative data of Astrand (8) con-
firmed the low levels of cardiovascular fitness found by most of
the authors. For all age ranges our values are situated between
the moderately and poorly conditioned categories proposed by
Astrand (8). In a relatively large population (1= 70), we found
absolute and normalized VO,max values close to those found
by other authors in patients with low back pain: 2.17 I/min
in our study, vs 2.00 1/min in the study by Poiraudeau et al.
(21); 30.8 ml/kg/min in our study, vs 30.5 ml/kg/min in the
study by Robert et al. (10) and 35.8 ml/kg/min in the study by
Hoch et al. (11). Smeets et al. (4) also reported mean lower
values of VO,max in ml/kg lean body mass (LBM)/min of
10 ml/kg LBM/min and 5.6 ml/kg LBM/min for men and
women, respectively. These results suggest that the progres-
sive decrease in physical activity in patients with CLBP has
a negative impact on their aerobic capacity. In fact, in our
population, which had a mean of 12 (SD 8.6) months out of
work before the test, the presence of persistent low back pain
could cause those patients to avoid physical activities at work
and during their leisure time, causing deconditioning as has
been described previously by others (14, 22-24). This physical
deconditioning, in turn, may result in even more pain, loss of
function and disability and so contribute to the chronicity of
low back pain (25, 26).

For the analysis of the VO,max related to sex, a highly
significant difference in favour of men, both in absolute and
normalized for weight values, confirms the findings of various
authors in healthy subjects (8, 27, 28). The VO,max in patients
with CLBP is slightly lower in women than in men of equal
size and weight. After puberty, VO,max in women represents
70-75% of that of men (28) and in our study it represented
80.2%. This difference could be explained, at least partially,
by higher physical workloads among men compared with
women. In our study men were significantly more exposed
to heavy physical strenuousness at work than were women.
Moreover, men tend to have larger VO,max values even when
the values are expressed relative to body size. The reasons for
this difference could be, at least in part, the fact that women
generally have more body fat, which consumes virtually no
oxygen (29); the presence of lower haemoglobin values (30);
and a lower systolic volume (31, 32).

Taking into account the rate of VO, max decline with ageing,
the men with CLBP in this study showed a lower rate of de-
cline than active subjects when compared with the findings of
Pimentel et al. (33)) and Tanaka et al. (34). The rate of decline
in maximal aerobic capacity during middle and older age
is greater in endurance-trained men than in their sedentary
peers and is associated with a marked decline in O, pulse
(33). The results of our study are also consistent with those
reported in longitudinal studies in men (35, 36). We found
a rate of VO,max decline with ageing of —1.2 ml/kg/min/
decade in men with CLBP. Our value is lower than for the

Physical deconditioning in CLBP 265

sedentary healthy subjects and even lower than Pimentel’s
(33) endurance-trained population (3.9 and 5.4 ml/kg/min/
decade, respectively) (33) (Fig. 3). However, in our study
women showed a rate of VO,max decline similar to Tanaka’s
physically active women (34) (-5.4 and —5.7 ml/kg/min/
decade, respectively) (Fig. 4). The reason for the negative
correlation between VO, max decline with ageing and physical
fitness level has not been completely established. It is clear
that changes in body composition with advancing age play
an important role in the diminution of the VO,max normal-
ized for weight (37-39). Our population revealed a slightly
positive correlation between weight and age (»=0.19). For
Pimentel et al. (33) and Tanaka et al. (34), the highest rate
of VO,max decline with ageing in well-conditioned men and
women may be due to a baseline effect. Consistent with the
results of Pimentel et al. (33), men with CLBP, who for all
age ranges had the lowest VO,max values, showed a rate of
decline lower than that of sedentary subjects and even lower
than that of endurance-trained athletes. In women with CLBP
the rate of decline of VO, max is closer to Tanaka’s physically
active subjects than to sedentary ones (34). This could not be
explained by the baseline effect, if one considers that, like
men, they had lower VO,max values for all age groups. How-
ever, this could be explained by the increased weight and body
fat content with ageing and the sedentary lifestyle observed in
patients with CLBP. Because we expressed VO,max normal-
ized for body weight, increases in body mass would directly
reduce VO,max. According to this reasoning, the baseline
effect should not be interpreted in our population of women
in the same way as in men.

A limitation of our study is its cross-sectional design, which
cannot determine definitively the rate of decline of VO, max
with age. However, Jackson et al. (39) found similar rates of de-
cline of VO, max using cross-sectional studies and longitudinal
analysis in a single study. Longitudinal studies are necessary
to confirm the present cross-sectional findings.

In conclusion, patients with CLBP are comparable in terms
of physical fitness to healthy but poorly conditioned subjects;
a lower level to that observed in sedentary subjects. Differ-
ences in work situations might still be the reason for the lower
level of fitness. In our study, men showed a rate of decline of
VO, max lower than that of endurance-trained and sedentary
subjects. In women with CLBP, the rate of decline is closer to
that observed in physically active women.

ACKNOWLEDGEMENTS

The authors thank the 70 patients with CLBP who participated in the
study. No financial assistance was received for this project.

REFERENCES

1. Volinn E. The epidemiology of low back pain in the rest of the
world. Spine 1997; 22: 1798.

2. Verbunt JA, Huijnen IP, Koke A. Assessment of physical activity
in daily life in patients with musculoskeletal pain. Eur J Pain 2008
Jun 10 [Epub ahead of print].

J Rehabil Med 41



266

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

1. Duque et al.

. Hagen KB, Jamtvedt G, Hilde G, Winnem MF. The updated Co-

chrane review of bed rest for low back pain and sciatica. Spine
2005; 30: 542-546.

. Smeets RJ, Wittink H, Hidding A, Knottnerus JA. Do patients

with chronic low back pain have a lower level of aerobic fitness
than healthy controls?: are pain, disability, fear of injury, working
status, or level of leisure time activity associated with the differ-
ence in aerobic fitness level? Spine 2006; 31: 90-97; discussion
98.

. Verbunt JA, Westerterp KR, van der Heijden GJ, Seelen HA,

Vlaeyen JW, Knottnerus JA. Physical activity in daily life in pa-
tients with chronic low back pain. Arch Phys Med Rehabil 2001;
82: 726-730.

. van Weering M, Vollenbroek-Hutten MM, Kotte EM, Hermens HJ.

Daily physical activities of patients with chronic pain or fatigue
versus asymptomatic controls. A systematic review. Clin Rehabil
2007; 21: 1007-1023.

. Ginet J. Activités physiques et sportives et vieillissement: comment

repousser la survenue de la dépendance. Bull Acad Natl Med 1995;
179: 1493-1502; discussion 1502—-1503.

. Astrand PO. Human physical fitness with special reference to sex

and age. Physiol Rev 1956; 36: 307-335.

. Kasch F, Wallace J, Van Camp S. A longitudinal study of cardiovas-

cular stability in active men aged 45 to 65 years. Phys Sportsmed
1988; 16: 117-126.

Robert JJ, Blide RW, McWhorter K, Coursey C. The effects of a
work hardening program on cardiovascular fitness and muscular
strength. Spine 1995; 20: 1187—-1193.

. Hoch AZ, Young J, Press J. Aerobic fitness in women with chronic

discogenic nonradicular low back pain. Am J Phys Med Rehabil
2006; 85: 607-613.

Wittink H, Hoskins Michel T, Wagner A, Sukiennik A, Rogers W.
Deconditioning in patients with chronic low back pain: fact or
fiction? Spine 2000; 25: 2221-2228.

Rasmussen-Barr E, Lundqvist L, Nilsson-Wikmar LT L. Aerobic
fitness in patients at work despite recurrent low back pain: a cross-
sectional study with healthy age- and gender-matched controls. J
Rehabil Med 2008; 40: 359-365.

Nielens H, Plaghki L. Cardiorespiratory fitness, physical activity
level, and chronic pain: are men more affected than women? Clin
J Pain 2001; 17: 129-137.

Carlsson A. Assessment of chronic pain: 1. Aspects of the reliability
and validity of the visual analog scale. Pain 1983; 16: 87-101.
Baecke JA, Burema J, Frijters JE. A short questionnaire for the
measurement of habitual physical activity in epidemiological
studies. Am J Clin Nutr 1982; 36: 936-942.

Waddell G, Main CJ. Assessment of severity in low-back disorders.
Spine 1984; 9: 204-208.

Hamilton M. The assessment of anxiety states by rating. Br J Med
Psychol 1959; 32: 50-55.

Guttman N, Wahlefeld AW. Lactate determination with lactate
deshydrogenase and NAD. In: Bergmeyer HU, Gawehn K, editors.
Methods of enzymatic analysis (2nd edition, volume 3). New York:
Academic Press; 1974, p. 1464-1468.

Howley ET, Bassett DR Jr, Welch HG. Criteria for maximal oxygen
uptake: review and commentary. Med Sci Sports Exerc 1995; 27:
1292-1301.

Poiraudeau S, Duvallet A, Barbosa DS. Efficacité a un an d’un
programme de réconditionnement a I’effort proposé a des lombal-

J Rehabil Med 41

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

giques chroniques lourdement handicapés. Ann Réad Med Phys
1999; 42: 33-41.

Kohles S, Barnes D, Gatchel RJ, Mayer TG. Improved physical
performance outcomes after functional restoration treatment in
patients with chronic low-back pain. Early versus recent training
results. Spine 1990; 15: 1321-1324.

Mayer TG, Gatchel RJ, Mayer H, Kishino ND, Keeley J, Mooney V.
A prospective two-year study of functional restoration in industrial
low back injury. An objective assessment procedure. JAMA 1987;
258: 1763-1767.

Waddell G. Simple low back pain: rest or active exercise? Ann
Rheum Dis 1993; 52: 317-319.

Jette DU, Jette AM. Physical therapy and health outcomes in
patients with spinal impairments. Phys Ther 1996; 76: 930-941;
discussion 942-945.

Mayer TG, Polatin P, Gatchel RJ. Functional restoration and other
rehabilitation approaches to chronic musculoskeletal pain disability
syndromes. In: Grabois. M, editor. Critical reviews in physical and
rehabilitation medicine. New York: Begell House, Inc.; 1998, p.
209-221.

Wilmore J, Costill D, editors. Physiologie du sport et de I’exercice.
Paris: De Boeck Université; 2002.

Astrand 1. Aerobic work capacity in men and women with special
reference to age. Acta Physiol Scand Suppl 1960; 49: 1-92.
Drinkwater BL. Women and exercise: physiological aspects. Exerc
Sport Sci Rev 1984; 12: 21-51.

Cureton K, Bishop P, Hutchinson P, Newland H, Vickery S, Zwiren
L. Sex difference in maximal oxygen uptake. Effect of equating
haemoglobin concentration. Eur J Appl Physiol Occup Physiol
1986; 54: 656-660.

Mitchell JH, Tate C, Raven P, Cobb F, Kraus W, Moreadith R, et
al. Acute response and chronic adaptation to exercise in women.
Med Sci Sports Exerc 1992; 24 Suppl 6: S258-S265.

Rowland T, Goff D, Martel L, Ferrone L. Influence of cardiac
functional capacity on gender differences in maximal oxygen
uptake in children. Chest 2000; 117: 629-635.

Pimentel AE, Gentile CL, Tanaka H, Seals DR, Gates PE.
Greater rate of decline in maximal aerobic capacity with age in
endurance-trained than in sedentary men. J Appl Physiol 2003;
94: 2406-2413.

Tanaka H, Desouza CA, Jones PP, Stevenson ET, Davy KP, Seals
DR. Greater rate of decline in maximal aerobic capacity with age
in physically active vs. sedentary healthy women. J Appl Physiol
1997; 83: 1947-1953.

Pollock ML, Mengelkoch LJ, Graves JE, Lowenthal DT, Limacher
MC, Foster C, et al. Twenty-year follow-up of aerobic power and
body composition of older track athletes. J Appl Physiol 1997; 82:
1508-1516.

Trappe SW, Costill DL, Vukovich MD, Jones J, Melham T. Aging
among elite distance runners: a 22-yr longitudinal study. J Appl
Physiol 1996; 80: 285-290.

Pollock ML, Foster C, Knapp D, Rod JL, Schmidt DH. Effect of
age and training on aerobic capacity and body composition of
master athletes. J Appl Physiol 1987; 62: 725-731.

Fleg JL, Lakatta EG. Role of muscle loss in the age-associated
reduction in VO, max. J Appl Physiol 1988; 65: 1147-1151.
Jackson AS, Wier LT, Ayers GW, Beard EF, Stuteville JE, Blair
SN. Changes in acrobic power of women, ages 20—64 yr. Med Sci
Sports Exerc 1996; 28: 884-891.



