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OBJECTIVES: To examine whether the lactate kinetics
during exercise are abnormal in patients with chronic ob-
structive pulmonary disease (COPD) and to evaluate the re-
lationship of lactate kinetics with functional status.
POPULATION: Fifty-four patients with COPD (forced
expiratory volume in 1 s [FEV1] [mean ± SD] 36±12% pre-
dicted, range 19 to 70) and 10 healthy, age-matched normal
men were included in this study.
INTERVENTION: Each subject performed a stepwise ex-
ercise test up to maximal capacity during which five-breath
averages of oxygen uptake (�VO

2
) were obtained. Arterial

plasma lactate (La) concentration was also measured at
each one-minute exercise step. The La/�VO

2
relationship

during exercise was fitted by an exponential function

La = a + b �VO
2

where b represents the steepness of the relationship. Pa-
tients’ functional status was classified according to the peak
�VO

2
: more than 16 mL/min/kg and 20 mL/min/kg or less

indicated mild to moderate impairment (class B, n=15);
more than 10 mL/min/kg and 16 or less mL/min/kg, moder-
ate to severe impairment (class C, n=31); and more than
6 mL/min/kg and 10 mL/min/kg or less, severe impairment
(class D, n=8). An average La/�VO

2
relationship was con-

structed for each functional class with the La and �VO
2

data

obtained from each individual at each exercise step.
RESULTS: Parameter b was obtained in all normal sub-
jects and in 46 of 54 patients with COPD. It averaged
2.66±0.47 and 4.49±1.72 in normal subjects and COPD
patients, respectively (P<0.005). In 30 of 46 patients, pa-
rameter b was greater than the upper value obtained in the
normal group. The rise in arterial lactate concentration dur-
ing exercise became progressively greater with the worsen-
ing of functional status.
CONCLUSIONS: Lactate kinetics are frequently
abnormal in patients with moderate to severe COPD com-
pared with age-matched normal subjects. Reduction in
functional status from class B to D was associated with a
progressively greater increase in arterial blood lactate dur-
ing exercise.
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La cinétique des lactates durant l’exercise
dans la maladie pulmonaire obstructive
chronique
OBJECTIFS: Évaluer si la cinétique des lactates sanguins durant
l’exercice est fréquemment anormale dans la maladie pulmonaire
obstructive chronique (MPOC) et si il y a une relation entre celle-
ci et la classe fonctionnelle.
POPULATION: Cinquante-quatre patients atteints de MPOC

voir page suivante



In normal subjects, the amount of blood lactate that accu-
mulates during exercise is related to the intensity of exer-

cise achieved and is a marker of the degree of muscle
activation attained (1). Several authors have reported that a
significant increase in blood lactate also occurs during exer-
cise in patients with chronic obstructive pulmonary disease
(COPD) (2-6), while others have indicated that the onset of
lactate increase may occur at relatively low exercise work
rates in these individuals (6,7). Because of a lower exercise
capacity, the peak lactate achieved in COPD patients is often
less than that of normal subjects (8). As a result, the impor-
tance of exercise-induced lactic acidosis in exercise limita-
tion in COPD may have been minimized (9).

Using serial lactate concentration measurements during
exercise, previous studies have shown that the lactate kinet-
ics are abnormal in COPD patients; for a given submaximal
exercise level, the concentration of blood lactate is greater in
patients than in normal subjects (2,8,10,11). However, the
prevalence of this phenomenon is difficult to evaluate, and it
is commonly believed that, because of ventilatory limitation,
the vast majority of patients with COPD are unable to exer-
cise sufficiently to activate their skeletal muscles and,
thereby, produce a significant amount of lactic acid (12,13).
Even if the peak lactate concentration achieved during exer-
cise is lower in COPD than in normal subjects, abnormal lac-
tate kinetics may be important. Increased lactic acidosis for a
given exercise work rate places particular stress on the respi-
ratory system. By numerous mechanisms, it results in a
greater nonaerobic carbon dioxide production (14,15), en-
hancing the ventilatory needs while the acidemia may act di-
rectly as a breathing stimulus. Abnormal lactate kinetics in
patients with COPD might also indicate that the peripheral mus-
cle energy metabolism during exercise is altered in these indi-
viduals, with early activation of anaerobic glycolysis (16,17).

This study sought to examine whether lactate kinetics dur-
ing exercise are commonly abnormal in patients with COPD
and to evaluate the possible relationship of lactate kinetics
with functional status. Serial arterial lactate concentration
measurements were obtained during exercise in 54 COPD
patients of varying functional status and in 10 age-matched
normal subjects.

PATIENTS AND METHODS
Subjects
Fifty-four consecutive patients with COPD evaluated at the
exercise physiology laboratory of Hôpital Laval, Ste-Foy,
Québe and in whom serial arterial lactate measurements
could be obtained during exercise were included in this
study. In each case the diagnosis of COPD was based on pre-
vious or current smoking history and pulmonary function
tests showing moderate to severe irreversible bronchial ob-
struction (18-20). Patients were clinically stable at the time
of the study, and none suffered from cardiovascular, neuro-
logical or any other conditions that could impair capacity to
perform an exercise test. Ten healthy, nonsmoking males,
aged 58 to 70 years, were recruited by means of newspaper
advertisement to serve as controls. None of these subjects
was involved in a regular exercise program. The institutional
ethics committee approved the research protocol, and in-
formed consent was obtained from each patient.

Protocol
Pulmonary function tests: Standard pulmonary function
tests including spirometry, lung volumes and carbon monox-
ide diffusing capacity of the lungs (DLCO) were obtained at
baseline according to previously described guidelines (21),
and related to normal values of Knudson (18), Goldman and
Becklake (19), and Cotes (20), respectively.
Exercise test: After the insertion of an arterial cannula in a
radial artery, subjects were seated on an electrically braked
cycle ergometer (Quinton Corival 400, A-H Robins, Wash-
ington) and connected to the exercise circuit through a
mouthpiece. Five-breath averages of oxygen uptake (�VO

2
)

and carbon dioxide output were measured by an automated
system equipped with a pneumotachograph, oxygen and car-
bon dioxide analyzers and a mixing chamber (Quinton
Qplex, A-H Robins). After 5 mins of rest, a progressive step-
wise exercise test was performed up to the individual’s maxi-
mum capacity. Each exercise step lasted 1 min, and incre-
ments of 10 and 20 watts were used in COPD and normal
subjects, respectively. At 1 min intervals during exercise,
dyspnea and leg fatigue perception were rated on a modified
Borg scale (22), and arterial blood was sampled for plasma
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(VEMS: 36±12 % pred, moyenne ± écart-type, écart: 19-70) et 10
sujets sains d’âge comparable ont participé à cette étude.
INTERVENTION: Tout les participants ont subi une épreuve
d’effort par paliers progressifs d’une minute pendant lesquels la
�VO

2
et la concentration artérielle des lactates (La) furent mesu-

rées. La relation La/ �VO
2

fut décrite par une équation exponen-
tielle de forme

La = a + b
�VO

2

ou b représente le taux d’augmentation des lactates. La capacité
fonctionnelle des patients fut classée selon la valeur de la VO2
maximale atteinte lors du test à l’effort: >16 and �20 mL/min/kg
indiquait une atteinte fonctionnelle légère à modérée (classe B),
>10 and �16, une atteinte modérée à sévère (classe C) et >6 and
�10, une atteinte sévère (classe D). A partir des valeurs individu-
elles de La et de �VO

2
obtenues à chaque paliers d’effort, une rela-

tion La/ �VO
2

moyenne fut construite pour chaque classe fonction-
nelle.
RÉSULTATS: Le paramètre b fut obtenu chez tous les sujets
normaux et chez 46/54 patients atteints de MPOC. Il était en moy-
enne de 2.66±0.47 et de 4.49±1.72, respectivement chez les nor-
maux et les patients (P<0.005). Le paramètre b était supérieur à la
valeur normale la plus élevée chez 30 des 46 patients MPOC chez
qui il a pu être mesuré. L’élévation de la concentration artérielle
des lactates était progressivement plus rapide à mesure que la
classe fonctionnelle se détériorait.
CONCLUSION: En comparaison avec des individus normaux
d’âge similaire, la cinétique des lactates durant l’exercice est
fréquemment anormale chez des patients avec MPOC modérée à
sévère. Une réduction de la capacité fonctionnelle de la classe B à
D est associée à une augmentation de plus en plus rapide des lac-
tates sanguins pendant l’exercice.



lactate (La) concentration determination. Blood gases were
also analyzed at rest and maximal exercise. During the exer-
cise, blood samples were placed on ice and centrifuged at
room temperature immediately after termination of the exer-
cise test. Lactate concentrations were measured on plasma
with an enzymatic technique (Kit Lactate, Boehringer Mann-
heim, Mannheim, Germany).

Data analysis
Lactates kinetics: From the serial measurements of lactate
concentrations during exercise, the La/�VO

2
relationship was

analyzed for each subject as previously described (8).
Briefly, an exponential function,

La = a + b
�VO

2

where a + 1 is the intercept on the y axis and b is a dimension-
less parameter describing the steepness of the relationship,
was used to fit the experimental data. The curve fitting was
constrained so that parameter a could not be smaller than –1 to
avoid negative values for La. This model was used because it
provided a parameter b from which the steepness of the La/�VO

2

relationship could be readily compared among individuals. In a
previous study the authors found that the La/�VO

2
relationship

was well fitted by this simple model in patients with COPD (8).
Functional status classification: The functional status was
graded according to the �VO

2
peak using the approach previ-

ously used in chronic heart failure by Weber and Janicki (23):
greater than 16 mL/min/kg and 20 mL/min/kg or less indi-
cated mild to moderate impairment (class B, n=15), greater
than 10 mL/min/kg and 16 or less, moderate to severe impair-
ment (class C, n=31), and greater than 6 mL/min/kg and 10 or
less, severe impairment (class D, n=8).
Statistical analysis: Values are reported as mean ± SD unless

otherwise stated. The maximal voluntary ventilation (MVV)
was estimated by multiplying the forced expiratory volume
in 1 s (FEV1) by 35 (24). Comparisons between groups were
done using ANOVA and Tukey’s comparison test. Parame-
ters obtained from the curve fitting of the La/�VO

2
relation-

ships were estimated using an iterative method (Marquardt-
Levenberg algorithm). Regression analyses were done using
the least squares method. P<0.05 was considered statistically
significant.
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TABLE 1
Subjects’ characteristics in relation to functional class

Class D (n=8) Class C (n=31) Class B (n=15) Normal subjects (n=10)

Age (years) 68±9 65±7 65±5 65±4

Sex (Male:Female) 6:2 28:3 13:2 10:0

Height (m) 1.61±0.07 1.68±0.07 1.65±0.05 1.68±0.04

Weight (kg) 71±19 69±12 73±15 69±5

Hemoglobin (g/L) 144±12 146±13 146±11 –

FEV1 (L) 0.68±0.18* 0.92±0.22* 1.25±0.35† 2.91±0.25†

FEV1 (% predicted) 28±8‡ 33±7‡ 48±14† 104±8†

FVC (L) 1.91±0.39† 2.56±0.58§ 2.68±0.58§ 3.92±0.44†

FVC (% predicted) 52±4* 62±11§ 68±13§ 93±8†

FEV1/FVC (%) 37±11‡ 36±7‡ 47±10¶ 75±7†

TLC (% predicted) 134±17** 127±24** 121±18** 95±10†

DLCO (% predicted) 62±22** 68±22** 85±20** 107±11†

PO2 (mm Hg) 73±13‡ 77±8‡ 84±10¶ 95±13¶

Oxygen saturation (%) 95±3‡ 96±2** 97±2†† 98±1‡‡

pH 7.37±0.03† 7.41±0.03§ 7.42±0.03†† 7.44±0.03‡‡

PCO2 (mm Hg) 50±6† 43±5†† 41±4†† 39±4‡‡

All values are mean ± SD. *P<0.05 versus class D or C and P<0.001 versus any other group; †P<0.005 versus any other group; ‡P<0.05 versus
class B and normal subjects; §P<0.05 versus class D and normal subjects; ¶P<0.05 versus any other group; **P<0.05 versus normal subjects;
††P<0.05 versus class D; ‡‡P<0.005 versus class D and C. DLCO ; FEV1 Forced expiratory volume in 1 s; FVC Forced vital capacity; TLC Total
lung capacity

Figure 1) Individual values for parameter b obtained in patients
with chronic obstructive pulmonary disease (COPD) and normal
subjects. Parameter b, which was obtained from the exponential
curve fitting of the lactate concentration (La)/oxygen uptake ( �VO

2
)

relationship, describes the steepness of this relationship. Parame-
ter b was significantly greater in COPD patients than in normal
subjects (4.49±1.72 versus 2.66±0.47, respectively, P<0.005). As
indicated by the dotted line, parameter b was greater than the upper
value obtained in the normal group in 30 of 46 COPD patients



RESULTS
Anthropometric characteristics, pulmonary function and

blood gases data for normal subjects and the three functional
classes of patients are presented in Table 1. Group mean val-
ues for age, weight and height were comparable with each
group. In patients, the hemoglobin concentration was within
normal range (160±20 g/L for men in the laboratory); this
measurement was not obtained in normal subjects. In pa-
tients, deterioration in functional status from class B to D was
accompanied by a progressive reduction in FEV1 and PaO2,
and by the development of resting hypercapnia.
La/ �VO

2
relationship in normal subjects and COPD: The

La/�VO
2

relationship was fitted by an exponential function in
each normal subject and in 46 of 54 COPD patients. The ex-
ponential curve fitting was not performed in patients with ex-
tremely poor exercise tolerance (class D patients) because
only two or three experimental data points could be obtained
in these individuals. In normal subjects and COPD patients,
the experimental data were well fitted by the exponential
function with r ranging from 0.95 to 0.99. Parameter a was
similar for the two groups averaging –0.89±0.24 and
–1.00±0.00 in patients and normal subjects, respectively.
The individual values for b are shown in Figure 1. Parame-
ter b was considerably greater in COPD patients compared
with normal subjects (4.49±1.72 versus 2.66±0.47, respec-

tively, P<0.005). As indicated by the dotted line, in 30 of 46
patients, parameter b was greater than the upper value ob-
tained in the normal group.
La/ �VO

2
relationship and the functional class: Peak exer-

cise data obtained for normal subjects and each class of pa-
tients are reported in Table 2. In normal subjects, peak �VO

2

amounted to 32±6 mL/min/kg. In patients the response to ex-
ercise was characterized by a rapid increase in symptom
scores, a reduced or absent ventilatory reserve, oxygen desa-
turation and carbon dioxide retention. These abnormalities
occurred at a gradually lower exercise work rate with the de-
terioration in functional status.

Group mean values for resting and exercise arterial
plasma lactate concentration, and for parameters a and b are
shown in Table 3. Resting lactate concentrations were simi-
lar in normal subjects and patients. Although lactate concen-
tration increased significantly with exercise for each
subgroup, the peak lactate concentration achieved was pro-
gressively smaller as the functional status worsened. Within
each functional class of patients, no significant relationship
was found between peak exercise minute ventilaton (�VE) and
plasma lactate concentration. As indicated by parameter b,
the La/�VO

2
relationship became gradually steeper with the

reduction in exercise capacity. To appreciate the modifica-
tion of the La/�VO

2
relationship that accompanied the dete-
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TABLE 2
Peak exercise data in relation to the functional class

Class D (n=8) Class C (n=31) Class B (n=15) Normal subjects (n=10)
�VO

2
(L/min) 0.62±0.14* 0.89±0.18* 1.31±0.30† 2.18±0.40†

�VO
2

(mL/min/kg) 8.7±0.9† 13.0±1.5† 18.0±1.5† 31.7±6.4†

�VCO
2

(L/min) 0.51±0.11* 0.80±0.19* 1.30±0.37† 2.39±0.48†

Heart rate (beats/min) 119±16‡ 128±15‡ 138±10§ 158±8†

Heart rate (% maximum) 72±11‡ 76±9‡ 83±5§ 95±5†

VE (L/min) 22±5‡ 33±8‡ 45±15§ 93±26†

VE/MVV (%) 94±15 107±21 106±24 91±25

Borg score

Dyspnea 7.2±2.0¶ 8.3±1.6¶ 7.9±2.2¶ 5.5±2.0§

Leg fatigue 4.2±4.3 7.1±2.6 6.3±3.0 5.6±2.8

PaO2 (mmHg) 61±14‡ 65±10¶ 72±13** 100±12†

Oxygen saturation (%) 88±7¶ 90±6¶ 92±5¶ 98±1§

pH 7.32±0.01 7.34±0.04 7.32±0.04 7.35±0.04

PCO2 (mmHg) 56±5§ 49±7** 49±6** 36±5†

All values mean ± SD. *P<0.01 versus any other group; †P<0.001 versus any other group; ‡P< 0.05 versus class B and normal subjects; §P<0.05
versus any other group; ¶P<0.05 versus normal subjects; **P<0.05 versus class D and normal subjects. MVV Maximum voluntary ventilation;
�VO

2
Oxygen uptake; �VCO

2
Carbon dioxide output; �VE Minute ventilation

TABLE 3
Lactate kinetics parameters in relation to the functional class

Class D (n=8) Class C (n=31) Class B (n=15) Normal subjects (n=10)

Lactates (mmol/L)

Rest 0.89±0.39 0.81±0.28 0.84±0.37 0.68±0.22

Peak exercise 2.15±0.81* 3.58±1.28* 4.59±1.46* 7.99±2.07†

Parameter a – –0.9±0.2 –0.9±0.3 –1.0±0.0

Parameter b – 4.98±1.82† 3.47±0.84‡ 2.66±0.47‡

All values mean ± SD. *P<0.05 versus any other group; †P<0.001 versus any other group; ‡P<0.001 versus classs C and P<0.05 versus class b or
normal subjects



rioration in functional status, average La/�VO
2

relationships
were constructed for normal subjects and the three classes of
patients (Figure 2). This was done using all individual values
for lactate concentration and �VO

2
obtained at each exercise

step. For a given �VO
2
, the lactate concentration increased

progressively as the functional status deteriorated.

DISCUSSION
In this study, the relationship between the arterial lactate

concentration and �VO
2

during exercise was obtained in a
large group of COPD patients with a wide range of functional
status and compared with that of normal subjects of similar
age. We found that the increase in lactate was abnormally
high in the majority (70%) of COPD patients, despite evi-
dence of limitations in ventilation and gas exchange during
exercise. In addition, the deterioration in functional status
was accompanied by a progressively steeper slope of the La/
�VO

2
relationship. This may reflect gradual worsening in

skeletal muscle oxidative capacity as the functional status
and, presumably, the level of daily activity decreased.

The increase in blood lactate concentration during exer-
cise depends on the balance between lactate production and
degradation. Although lack of oxygen is not a prerequisite for
lactic acid production (25-27), modifying oxygen delivery to
the working muscles influences the increase in blood lactate
during exercise. Decreasing the oxygen supply by exposing
subjects to a hypoxic environment will increase blood lactic
acid level (28,29). By contrast, increasing oxygen supply by
improving cardiac output during exercise will reduce blood
lactic acid level (30). Skeletal muscle metabolic activity also
markedly influences lactate production (31-33). It is now
suggested that lactate production reflects a balance between
glycogen phosphorylase activation and the activity of pyru-
vate dehydrogenase and oxidative enzymes (33). Finally, a
decrease in lactate degradation has also been reported to in-
fluence the increase in blood lactate during exercise
(25,34,35).

Several factors may have contributed to the greater
exercise-induced increase in blood lactate observed in COPD
patients. However, several lines of evidence suggest that ab-
normal lactate kinetics in patients are related to poor skeletal
muscle oxidative capacity. In a previous report, we found a
significant inverse relationship between the increase in arte-
rial lactate during exercise and aerobic enzyme activities in
patients with COPD (8). A similar observation has been re-
ported in chronic heart failure patients, a clinical condition
where the oxidative capacity of the skeletal muscle is also re-
duced (36). Moreover, in 11 patients with COPD involved in
a program of exercise training, we reported improvement in
skeletal muscle oxidative capacity and reduction in exercise
lactic acidosis for a given exercise level (37). Altogether,
these studies reinforce the notion that altered skeletal muscle
oxidative capacity plays a role in early lactic acid production
(36).

Although inappropriately low oxygen delivery, due to
exercise-induced right ventricular dysfunction, impaired left
ventricular function and/or oxygen desaturation, may have

modified the increase in arterial lactic acid in patients, we do
not think that these factors played a predominant role. The
end-exercise oxygen saturation was similar among the differ-
ent classes of patients, while the increase in lactate differed
markedly. The absence of correlation between oxygen satu-
ration and plasma lactate concentration has also been noted
by several authors (3-5). Previous reports have indicated that
the increase in cardiac output during exercise is normal in the
majority of COPD patients with similar airflow obstruction
as those of the present study (38,39). Furthermore, a recent
study conducted in our laboratory showed that the increase in
leg blood flow during exercise in COPD was comparable
with that of age-matched normal subjects and that there was
no relationship between blood lactate concentration and pe-
ripheral oxygen delivery (unpublished data). Finally, lactate
production by the respiratory muscles or reduction in lactate
clearance by the liver are unlikely to have contributed signifi-
cantly to the abnormal lactate kinetics found in patients
(34,40).

Exercise intolerance is one of the most devastating conse-
quences of COPD. This has been traditionally attributed to
dyspnea and to limitation in ventilation and in gas exchange.
Recently, Jones and Killian have shown that for a given level
of airflow obstruction, exercise tolerance varies markedly
among individuals (41). Although we found a significant de-
cline in mean value of FEV1 from functional class B to D, we
also observed a large overlap of indexes of airflow obstruc-
tion between the different functional classes. These observa-
tions strongly suggest that other factors are also involved in
exercise limitation in COPD. Recent studies have clearly
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Figure 2) Averaged lactate concentration (La)/oxygen uptake
( �VO

2
)relationships obtained in the three functional classes of pa-

tients and normal subjects. For the purpose of clarity, x and y error
bars represent SE. The La/ �VO

2
relationship became progressively

steeper with deterioration of the functional status. Class B Patients
with peak �VO

2
greater than 16 mL/min/kg and 20 mL/min/kg or less;

Class C Patients with peak �VO
2

greater than 10 mL/min/kg and 16
mL/min/kg or less; Class D Patients with peak �VO

2
greater than 6

mL/min/kg and 10 mL/min/kg or less



shown that peripheral skeletal muscles are compromised in
COPD (8,42,43). Decrease in skeletal muscle mass, strength
and mitochondrial enzyme activities have been described,
and may play an important role in exercise limitation in
COPD (8,42,43). Although the mechanisms underlying this
peripheral muscle dysfunction have not been well studied,
chronic inactivity is probably one of the most important be-
cause similar structural and biochemical changes in periph-
eral muscles have been described in this condition (7).

From this discussion, it can be hypothesized that the deter-
ioration in functional status from normal subjects to class D
patients may be associated with a gradual reduction in the
level of daily activity and consequently in peripheral skeletal
muscle oxidative capacity (7). This, in turn, could account
for the increase in La/�VO

2
steepness that occurred as func-

tional status decreased. Our study, however, did not address
whether abnormal lactate kinetics contribute to a reduction in
exercise tolerance or whether they are secondary to declining
functional status. Although abnormal lactate kinetics during
exercise may be only a marker of poor peripheral muscle
function associated with chronic inactivity it could possibly
be involved in early exercise termination by increasing the
burden on the respiratory system. The clinical importance of
this mechanism remains uncertain because no significant re-

lationship was found between peak plasma lactate concentra-
tions and �VE within each functional class of patients. How-
ever, it is conceivable that the ventilatory response to a given
degree of lactic acidosis may vary markedly among individu-
als (44). Because of this, the lack of correlation between lac-
tate concentration and �VE does not exclude the possibility
that excessive lactate production may be associated with in-
creased ventilatory requirement in some patients. Premature
muscle lactic acidosis may also be involved in exercise intol-
erance in COPD, impairing muscle contractility and contrib-
uting to muscle fatigue (45,46).

We conclude that abnormal lactate kinetics are common
in COPD patients with a wide range of disease severity and
functional impairment. In our patients, reduction in func-
tional status was associated with progressively greater in-
crease in arterial blood lactate during exercise.
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