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ABSTRACT: In some patients exercise induces numerous complaints which cannot be
attributed to an organic disorder, and which are suggestive of hyperventilation. The
study was designed to investigate in this type of patient: 1) exercise capacity and
muscle force; 2) breathing pattern and symptoms during maximal exercise and re-
covery; 3) relationships between symptoms and breathing pattern.

Twenty-four patients were compared with 20 healthy subjects. They performed a
maximal incremental cycle ergometer test and peripheral and respiratory muscle
strength were measured.

Patients tended to have a decreased exercise capacity and presented with mod-
erately reduced muscle strength. At comparable minute ventilation, breathing fre-
quency was higher (mean: 24 versus 21 per minute) and tidal volume smaller (mean:
1.42 versus 1.67 L). End-tidal partial pressure of carbon dioxide (PET,CO,) was not
significantly different. A significant relation was observed between PET,CO, and
respiratory frequency during recovery in patients, suggesting a reduced flexibility of
the ventilatory response to exercise. In patients respiratory complaints and pare-
sthesias were weakly correlated to PET,CO, at moderate exercise.

It is suggested that the physical deconditioning observed in those patients is rather a
consequence than a cause of the response to exercise. The link between symptoms and
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breathing pattern might be explained by a psychological conditioning process.

Eur Respir J 1999; 14: 1314-1319.

Patients with numerous complaints on exercise, not rea-
dily explained by somatic disorders have been described
now and again since 1871 [1-5]. The term "effort syn-
drome" was coined for this condition by Lewis [2] and
linked later on to the hyperventilation syndrome (HVS)
[3]. However, the attribution of the symptoms to hyper-
ventilation was questioned in 1941 by Woob [4], on the
basis of the fact that respiratory alcalosis was not observ-
ed during effort. A reduced tolerance to exercise in those
patients, documented by FrIEDMAN [5], was confirmed
more recently by Kimnnura and SovuArvi [6]. These in-
vestigators noticed abnormally high ventilatory equiva-
lents for O, (V'E/V'0,) and for CO, (V'E/V'CO,) during
exercise, inversely related to arterial CO, partial pressure.
In addition, higher values of V'E/V'C0O, during mild exer-
cise (40-50 W) reliably discriminated patients from heal-
thy subjects.

The evolution of end-tidal CO, partial pressure (PET,
C0,) was studied during exercise by CHAMBERS et al. [7] in
a large group of patients referred for the assessment of
chest pain. Seventy percent of the patients with symptoms
of breathlessness suggestive of hyperventilation and with-
out electrocardiographic ST depression during exercise
demonstrated hypocapnia (PET,CO, <4 kPa) during both
recovery and exercise. Fifty per cent of these patients
failed to show the absence of the normal rise of PET,CO,

during the first minute of exercise (initial hyperventila-
tion). These findings were uncommon in patients with ST
depression or in healthy control subjects. Among the
patients with normal electrocardiogram during exercise,
25% had high anxiety or depression scores. Breathing
frequency during exercise was significantly higher in
those patients [8].

The present study was designed to investigate the exer-
cise capacity and muscle strength of a group of patients
referred to the laboratory because of complaints suggestive
of HVS and to study the relation between hypocapnia,
breathing pattern, and symptoms during and following an
exercise test.

Materials and methods
Subjects

The patients had been referred to the laboratory because
they presented complaints which could not be explained by
a somatic disease and which were suggestive of the HVS.
An organic disorder had been excluded previously on the
basis of thorough clinical, functional and laboratory exam-
inations. HVS was suspected because of the high scores on
the Nijmegen Questionnaire for daily life complaints [9]
and the reproduction of the complaints partly or totally,
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by voluntary hyperventilation (3 min of hyperventilation,
at a frequency of 60-min™', resulting in a reduction of
PET,CO, by half or more). Immediately following this
manoeuvre, forced expiratory volume in one second
(FEV1) and vital capacity were measured. Hyperventila-
tion did not elicit any noticeable bronchoconstriction.
Thirteen males and 11 females were included. Five sub-
jects were on sick leave because of their symptoms, while
the others were professionally active at the moment of the
study. According to the criteria of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-1V), 20
subjects suffered from anxiety disorders (panic disorder
in eight; generalized anxiety disorder in four; agorapho-
bia in four; anxiety disorder not otherwise specified in
two; social phobia (with dysthymia) in two), four from a
somatoform disorder (undifferentiated somatoform dis-
order in two; pain disorder (one with hypochondria) in
two). One patient was an endurance athlete, (an amateur
cyclist, who suddenly experienced intense choking dur-
ing a bicycle trip in the mountains. Shortly before, the
patient had been ill with severe bronchitis, requiring
antibiotics. Because the patient blamed the effort for per-
manently damaging their lungs, they didn't dare to exer-
cise any more.) while others were sedentary. The healthy
subjects (11 males, 9 females) were recruited outside the
hospital. They were professionally active; none was in-
volved in competition sports. As for the patients, smoking
habits were not a criterium for recruitment. Table 1 gro-
ups some biometrical and functional data of the investi-
gated subjects, as well as the scores of the Nijmegen
Questionnaire (16 daily life complaints, scored as 0: nev-
er, I: rarely, 2: sometimes, 3: often, 4: very often) and of
the state and trait anxiety inventory (STAI) of SPIELBERGER
et al. [10]. The latter scores were significantly higher in
patients. A further grouping of the items of the Nijmegen
questionnaire under complaints of central nervous sys-
tem, paresthesias, anxiety, respiratory and cardiac com-
plaints, showed that the summed scores were significantly
(p=0.001) higher in patients for each group of com-
plaints.

Table 1. — Biometric data and scores of complaints and
anxiety level

Healthy subjects Patients
Sex M/F 11/9 13/11
Age yrs 42.7+9.7 (21-58) 41.4£9.8 (20-61)
Height cm 171£8.7 (158-184)  169+7.8 (158-185)
Weight kg 71.3+12.2 (53-105) 71.1x11.4 (51-93)
FEV1IL 3.9+0.8 3.6+1.0
predicted % 115+15 110£26
FVCL 5.1«1.1 4.6%1.1
predicted % 125+14 115+£20
MVV L-min™ 156432 147+46
Nijmegen 7.9+5.2 30.3+£9.7*
Questionnaire
STAI-state 31.848.2 48.8+14.1*
STAI-trait 30.5+5.8 47.7+£11.2%

Data are presented as mean+sp with range in parentheses. *:
p=0.001. M: male; F: female; FEV1: forced expiratory volume
in one second; FVC: forced vital capacity; MVV: maximum
voluntary ventilation; STAI: state and trait anxiety inventory.
The predicted values are based on those from QuaNJER [11].

Procedure

The subjects first completed the Nijmegen Question-
naire and STAIl-state and trait inventories. FEV1, forced
vital capacity (FVC) and maximal voluntary ventilation
(MVV) were measured by means of a pneumotachograph.
For MVV, the subjects were requested to breathe as
quickly and deeply as possible during 12 s. The exercise
test was performed on a bicycle ergometer (Ergo-line 900;
Mijnhardt bv., Bunnik, The Netherlands). The subject
breathed through a face mask coupled to a low resistance
breathing valve (Hans Rudolph; Kansas City, MO, USA)
separating inspiratory and expiratory lines of an open
breathing circuit. Following a period of rest during 2 min,
exercise was initiated at 20 W and increased every 2 min
by 30 W. The cycling frequency was kept constant at 60
revolutions per minute. The subject was coached to
achieve the highest possible effort. Exercise was followed
by a 6 min period of recovery. During the first minute of
the recovery the subject was asked to continue cycling
without loading. During the exercise test, minute ventila-
tion (V'E), respiratory frequency (f), partitioned into in-
spiratory (f1) and expiratory (fE) times, and tidal volume
(V1) were recorded via a pneumotachograph inserted in the
expiratory line. Fractional concentration of CO, and O,
was sampled continuously from the mask (Rudolph Mask
7910; Hans Rudolph) and determined respectively by
means of an infra-red cell and Zirconium analyser. Oxygen
consumption (¥'0,) and CO, production (¥'C0,), respira-
tory exchange ratio (R) and ventilatory equivalents for O,
and CO, (V'E/V'C0,) were computed on line, using 10 s
averages of recorded ventilatory and gas concentration data
(Partn air 5400; Medisoft, Dinant, Belgium). The oxygen
saturation and electrocardiogram were recorded through-
out the test. Following the exercise test and 6 min recovery
phase, the subjects completed a questionnaire concerning
31 possible symptoms during and following exercise. The
complaints were grouped, according to a principal compo-
nents analysis performed previously [12], into 9 factors,
the 5 most important ones being: complaints of central
nervous system (dizziness, blurred vision, fainting), res-
piratory complaints (dyspnoea, air hunger, discomfort in
the chest), paresthesias and stiffness of the extremities,
anxiety and cardiac complaints (palpitations). The inten-
sity of the complaints was evaluated by a 5 point scale
from 0 (no complaint) to 4 (very intense). The scores of
the complaint factors were obtained by summing the
individual scores and by dividing the sums by the number
of individuals and the numbers of complaints per factor.

Before or after the exercise test, quadriceps force [13],
handgrip strength [14], and maximal inspiratory and ex-
piratory pressures [15] were determined.

Results

Muscle force

Table 2 shows that except for maximal expiratory
pressure, respiratory and peripheral muscle force was
moderately but statistically reduced in patients. MVV was
not significantly influenced.

Exercise performance and recovery

The values of ventilation, 'O, and PET,CO, at rest,
measured on the bicycle prior to the exercise, were similar
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Table 2. — Muscular force, maximal respiratory pres-

sures, maximal work load and oxygen consumption
Healthy Patients
subjects

Quadriceps force Nm® 190.5+47.5 151.9+43.3

predicted %" 100.6+11.9  80.4+14.6**
Handgrip strength N° 523141  440£99%*+*

predicted %" 123.1+19.7 100.3£17.1**
Maxir§nal inspiratory pressure -10.9+2.8 -9.0+2.8%**

kPa

predicted %" 102.2425.7  82.84£22.5%**
Maxir§nal expiratory pressure 17.945.7 16.6+5.8

kPa

predicted %" 101.1£23.3  92.1+27.3
Maximal work load W** 20652 179+47
Maximal oxygen consumption 3.05+0.99  2.58+0.80

L-min™"#*

predicted %" 127+17 11532

Data are presented as mean+sp. **: p=0.001; ***: p=0.05. 5,
taken from 20 healthy subjects and 16 patients; *; predicted
values are based on those by DECRAMER ef al. [13]; *: based on
those by MATHIOWETZ et al. [14]; " based on those by ROCHESTER
and Arora [16]; #: taken from 20 healthy subjects and 24
patients; "": based on those by Jones et al. [17].

in healthy subjects and in patients. Maximal work load and
V0, peak tended to be lower in patients (p=0.08 and 0.09
respectively) (table 2). When one very well trained patient
(V'0, peak: 4.25 L-min™ (213% predicted) at 260 W) was
left out the differences became statistically significant
(p=0.04 and 0.05 respectively). Similar findings were
observed when V'0, peak was expressed in percentage of
the predicted values (V'0,,max pred) [17] (p=0.10, but
p=0.01 when the trained patient was omitted). In 17
patients V'O, during exercise reached or exceeded 100%
of predicted; in five patients, V'0,,max was between 100
and 90%, in two it was, respectively, 69 and 72% of
predicted. Breathing frequency was significantly higher
(p<0.05) in patients than in healthy subjects (fig. 1). This
is due to lower values of 1 (p=0.05 or =0.01) and ¢E
(p=0.05) (between 50-100% V’'0,,max pred). There was a
simultaneous reduction of VT in patients, statistically
significant (p=0.05) at higher values of }J"'0O,,max pred.
V'E, PET,CO,, V'CO,, R and V'E/V’'CO, were not signi-
ficantly different between healthy subjects and patients.
In the two patients with the lowest '0,,max, R increased
more rapidly with work load (R>1.0 at 50% V'0,,max
pred). The patients on sick leave presented the lowest
PET,CO, and highest V'E/V’'CO, values of all patients,
whereas V'0,,max were within normal range (90—168% of
expected).

Data concerning recovery following exercise were av-
ailable from at least 70% J’0pmax pred in 20 patients.
These data were not available in four patients either
because 70% V'0,,max was not reached during exercise, or
within <10 s following cessation of exercise. In the early
recovery, all values were similar between patients and
controls with the exception of R, which was significantly
(p<0.05) higher in healthy subjects. In contrast, in the
further course of the recovery, f was significantly higher, 1,
tE, and VT significantly less in patients. PET,CO, was not
significantly different between patients and healthy sub-
jects (fig. 1).
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Fig. 1. — Mean values and standard deviations during exercise (a, ¢ and
e) and recovery (b, d and f) of breathing frequency (f), tidal volume (/'T),
and end-tidal partial pressure of CO, (PET,CO,), as a function of O,
consumption expressed in percentage of predicted maximal consump-
tion (V'0,,max % predicted), in a group of 20 control subjects (- - -) and
of the 17 patients (out of 24) who reached 100% of V'0p,max predicted.
Adding the patients who did not reach 100% V’0,,max predicted yielded
similar mean values of f, V'T and PET,CO,.

The correlations between breathing variables (41, ¢E, V'T)
and PET,CO, at 70 and 30% of V'0,,max pred during ex-
ercise did not reach statistical significance. During rec-
overy, however, strong correlations between PET,CO, and
tE (r=0.67, p=0.001), and particularly # (fig. 2) were ob-
served, only in patients.

Complaints during exercise and recovery

Patients had significantly more complaints than healthy
subjects (table 3). The highest scores (more than twice the
mean scores of all patients) were reached by the patients
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Fig. 2. — Correlation between end-tidal partial pressure of CO,
(PET,CO,) and inspiratory time (71) at the onset of recovery from
exercise (70% V'0,,max) in control subjects (a; O) and patients (b; @).
The regression lines are shown. The correlations are not significantly

modified when the influence of sex, age and body height are taken into
account (a: r=0.07, p=0.76; b: r=0.83; p=0.0001).

on sick leave. Only respiratory complaints and pares-
thesias in the extremities during exercise were signifi-
cantly (p<0.01) correlated with PET,CO,, (at 30 and 70%
V'0y,max pred) and with breathing frequency (at 30%
V'0,,max pred) in patients, not in healthy subjects.

Table 3. — Scores of intensity of complaints during exer-
cise and recovery in healthy subjects and patients

Healthy subjects Patients

Central nervous system

Exercise 0.02+0.05 0.66+0.89*

Recovery 0.03+0.12 0.75+£1.01%*
Respiratory complaints

Exercise 0.25+0.34 0.80+0.78*

Recovery 0.06+0.16 0.41+0.51*
Paresthesias in extremities

Exercise 0.05+0.13 0.33£0.52%*

Recovery 0.08+0.20 0.54+0.68%*
Anxiety

Exercise 0.23+0.42 0.70+0.94**

Recovery 0.02+0.08 0.69+1.10%*
Cardiac complaints

Exercise 0.75+0.76 1.13£1.10

Recovery 0.85+0.90 1.15+1.15

Data are presented as mean+sp. Unpaired t-test: *: p=0.01; **:
p=0.05.

Discussion

On average, the present group of patients was char-
acterized by a moderate reduction of muscle respiratory
and peripheral force. Similarly, FOLGERING and SNik [18]
documented a 10% reduction of maximal handgrip force
in patients with HVS. The maximal work load and V'0,
peak were slightly reduced (at the limit of statistical
significance). Most patients (17/24) were able to develop
a maximal 'O, which was =100% of the predicted val-
ues [17]. These results are in keeping with the observa-
tions of others [5, 6]. Since most patients complained of
fatigue resulting in a spontaneous reduction of their level
of physical activity in daily life, these findings might be
attributed to physical deconditioning.

Besides a reduced physical performance, another factor
appears to characterize the group of patients. Respiratory
frequency during exercise was higher (due to a decrease of
both ¢E and 71) and VT lower than in healthy subjects. This
pattern is not determined by the level of physical training:
it was also observed in the few patients with supramaximal
values of V'0,,max. A similar ventilatory pattern was also
present during the recovery period: ¢E, 7, and VT were
relatively smaller. This is in keeping with an earlier study
of Conen and WHITE [19], who documented in military
personnel with "effort syndrome", a disproportionate rise
in breathing frequency during exercise and recovery (ac-
companied in their subjects by an increase in V'E). Sim-
ilarly, Bass et al. [8] noticed that in a group of patients
investigated for the assessment of chest pain, patients
with higher anxiety scores had a significantly higher
mean breathing frequency during exercise.

PET,CO, was not significantly reduced in our group of
patients. Only one patient was frankly hyperventilating
(PET,CO, <4 kPa) during exercise as well as during rec-
overy. This patient also had a high ventilatory equivalent
for CO, and is similar to the subjects studied by Kinnura
and Sovuarvi [6] who were probably more severely
disabled than the current patients. Indeed, these subjects
were selected on the basis of low values of arterial partial
pressure of CO, (PCO,) (<4.7 kPa) and alkalosis (pH>
7.45) at rest. Though the equivalents for CO, were, on
average, slightly higher in the current patients than in
control subjects, the differences were not significantly
different. In patients, who were incapacitated because of
their complaints, equivalents for CO, were higher and
PET,CO, values were lower during exercise than in the
other patients. These patients had also markedly more
complaints.

Because the intensity of the exercise test was limited by
the individual exercise tolerance, the duration of the tests
varied among the subjects. To compare the ventilatory data
between healthy subjects and patients, fixed levels of V'O,
(in percentage of V'0,max pred) were used. It could be
pondered as to whether this procedure does not introduce a
bias in the comparison. Indeed, a given value of '0, dur-
ing exercise (or recovery) might be achieved at very
different times in the course of the test. In fact, the duration
between the onset of exercise (or recovery) and the mo-
ment that a given value of /'0, was achieved did not differ
significantly between the patients and healthy control
subjects. For instance, 65% V'0,,max pred was reached, on
average, in 6.6 min in healthy, and 7.0 min in patients
(p=0.73) after the onset of exercise. During recovery, 30%
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V'0,,max pred was reached after 2.2 min in healthy, and 2.7
min in patients (p=0.12) following cessation of exercise.
It is likely, therefore, that the time course of the adapta-
tion to exercise was similar in the two groups of subjects.

Do these findings throw light on the mechanisms of the
complaints reported by the patients? The largest differ-
ences in breathing pattern compared to healthy subjects
were observed during the early minutes of recovery. A
disproportionate increase in breathing frequency was the
most apparent finding. It is known that the first minutes of
recovery following heavy work are characterized by a
further increase of the metabolic acidosis produced by
heavy exercise, accompanied by a reduction of arterial
and PET,CO, [20, 21]. In the present study, the reduction of
PET,CO, during the first minutes of recovery was, on aver-
age, similar in patients and in healthy subjects. However,
in contrast to healthy subjects, the values of PET,CO, in
patients were closely linked to respiratory frequency,
mainly to # (fig. 2). Obviously, when a given value of
hypocapnia is imposed (here by the level of metabolic
acidosis), healthy subjects have a choice between an in-
crease in VT or in breathing frequency, whereas patients
mainly rely on an increase in frequency, particularly a
decrease in 11.

A similar selective use of breathing frequency in order to
increase V'E was also observed in patients with HVS and
with anxiety disorders after voluntary hyperventilation
[22]. The latter is followed in those patients by an in-
creased poststimulus potentiation with delayed recovery
of PET,CO,. HaN et al. [22] showed that in HVS patients
and those with anxiety disorders the reduction of PET,CO,
was achieved by keeping a high breathing frequency,
rather than a large V'T. (It was only in younger men (<28
yrs of age) that recovery of PET,CO, was delayed via V'T.
In the present study, only one male patient was aged <28
yrs).

Apparently, when ventilation is stimulated by an in-
crease in ventilatory drive (e.g. during exercise, or because
of acidosis or poststimulus potentiation), this type of pa-
tient resorts to an increase in frequency rather than in V'T to
increase ventilation. This peculiar breathing pattern is ac-
companied by a number of subjective symptoms, mainly
related to breathing and to the central and peripheral ner-
vous system. These symptoms are not necessarily ac-
companied by hyperventilation. Indeed, frank hypocapnia
was exceptional in the present study and the correlations
between complaints and PET,CO, were weak. This suggests
that hypocapnia is a consequence rather than a cause of the
symptoms [23].

It has been proposed that the tendency to report num-
erous and intense complaints during exercise is the result
of a psychological conditioning process [24], for instance
following a previous chest disease or an experience fo-
cusing the attention on the respiratory system [25]. The
symptoms occurring during intense effort are misinter-
preted and lead the subject to believe that they are suf-
fering from a life threatening condition. This corresponds
precisely to the history reported spontaneously by one of
the current patients. Conditioning of breathing, realized
experimentally in healthy subjects, has shown that the
type of symptoms reported by the patients in the present
study are easily conditioned and that the process is ac-
companied by changes in ventilatory pattern, primarily an
increase in breathing frequency [26].

It seems therefore, that the sequence of events respon-
sible for symptoms and breathing abnormalities during
exercise in this group of patients is as follows. Firstly, a
psychological conditioning process generated by, or linked
to exercise, might be the origin of the many symptoms, i.e.
the high anxiety level and a peculiar breathing pattern. The
symptoms, when marked, result in a tendency to hyper-
ventilate during and following exercise, with production of
new symptoms (paresthesias, dizziness). The learned re-
sponse is then reinforced by every new trial to exercise.
Finally, the occurrence of symptoms with the slightest
exertion leads to a reduction of physical activity and an
ensuing deterioration of exercise tolerance.
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