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Hypocapnia and Its Relation to Fear of Falling
John E. Clague, MD, MRCP, Paula J. Petrie, MRCP, Michael A. Horan, PhD, FRCP

ABSTRACT. Clague JE, Petrie PJ, Horan MA. Hypocapnia
and its relation to fear of faling. Arch Phys Med Rehabil
2000;81:1485-8.

Objective: To determine if hypocapnia occurs in patients
with fear of falling and to explore potential causes of hypo-
capnia.

Design: Observationa study in patients who fall with and
without fear of faling.

Setting: Rehabilitation wards of an elderly care unit.

Patients: Consecutive falers with (n = 20) and without
(n = 10) fear of falling.

Main Outcome Measures. End-tidal CO, (Perco,) and
respiratory rate (RR) responses were measured during sus-
tained isometric muscle contraction (SIMC) (40% of maximum
voluntary contraction of quadriceps for 2min) and during a
5-meter walk. Falls efficacy scale (FES) and Hospital anxiety
and depression scale (HAD).

Results. Patients with fear of faling had significantly
higher FES and HAD scores (p < .01). During SIMC, baseline
and nadir Petco, levels were significantly lower in patients
with a fear of faling (p < .01). During the 5-meter walk,
Petco, was lower at baseline, at nadir, and at the end of the
walk in the fear of falling group than in controls (p < .01). RR
was higher at nadir and end of the walk in the fear of falling
group than in controls (p < .02).

Conclusions. Hypocapnia may occur in patients with a fear
of falling during SIMC and walking. Anxiety seems to be the
main cause, but muscle weakness may contribute. Breathing or
relaxation techniques and reconditioning may have a role in
treating fear of falling in the rehabilitation setting.
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HIRTY PERCENT of community-dwelling people over 65
years of age fall each year and in controlled trials of the
elderly seeking treatment at accident and emergency depart-
ments after fals, 65% reported fals in the previous year.2
Typicaly, only falls leading to injury or loss of function are
reported, hence, figures probably underestimate actua inci-
dents. Fractures, soft tissue injury, joint dislocation, and mo-
bility impairments occur in 15% to 20% of falls:3
The psychologic consequences of fals can be equally dis-
abling. Fear of falling, even present in some nonfalling elderly,
is reported to occur in up to 60% of fallers,145 and one third of
such patients report avoidance of activity after afall.1> Subse-
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quently, limitation of activity may lead to physical decondi-
tioning, functional deterioration, and actually increase fall risk
and potentia injury. Fear of falling is also associated with
significant psychologic morbidity (high anxiety and depression
scores are reported in community-dwelling patients with fear of
falling).6 It has aso been proposed that fear of faling is a
remediable independent contributor to functional decline.”

Fear of falling is frequently seen during rehabilitation after a
fall and may delay progress and hospital discharge. Increased
spontaneous sway and poor 1-leg stance are associated with
fear of falling in balance tests.8 Patients with fear of faling
may adopt different balance strategies to cope. In balance
studies, decreased stride length and speed as well as prolonged
double support have been used as measures to combat fear of
falling.®

In young normal patients, during sustained isometric muscle
contraction (SIMC), marked hyperventilation may occur with
marked fallsin Paco,.1%12 |n turn, this may lead to a reduction
in cerebral blood flow,22 which may result in presyncopal
symptoms and postural instability. In elderly patients, as a
consequence of the decline in muscle strength with aging,
many everyday activities, such as getting out of a chair, may
require near maximal muscular effort. Hypocapnia may, there-
fore, occur during these activities and may contribute to un-
steadiness and fallsin frail patients. Many other symptoms can
be associated with hypocapnia including dizziness, weakness,
anxiety, and panic.23 Anxiety itself may produce hyperventila-
tion and hypocapnia. It is possible that hypocapnia occurs
during mobilization after afall because of the need for maximal
muscle activation to stand and walk. It may occur as a feature
of fear and anxiety or may induce the symptoms of anxiety and
fear itself.

In this preliminary study, we wanted to determine if hypo-
capnia could be detected in elderly falers. We aso wanted to
see whether it occurred during SIMC, in association with rising
from achair, or during walking, and whether it was particularly
associated with reported fear of faling.

PATIENTS

Patients were recruited from admissions to rehabilitation
wards at our hospital with falls (noninjurious, injurious). Con-
secutive fallers, who were cognitively intact (abbreviated men-
tal test score > 7)14 and were able to walk 5 meters with or
without an aid, were invited to participate. Patients with known
chronic obstructive pulmonary disease (COPD) or asthmawere
excluded. All patients were studied at the same time of day, at
least 2 hours after their last meal. The study was approved by
our hospital ethics committee. Patients with fear of falling were
identified by their response to the question, “Do you have fear
of falling?’ Those answering yes were included in the fear of
falling group; those answering no entered the control group.

Each group included injured and noninjured fallers. In the
fear of falling group, 6 patients had sustained fractured neck of
femur, 2 had humeral fractures, 1 had Colles' fracture, and the
rest had no bony injury. In the control fallers, 5 had fractured
neck of femur, 1 had a humeral fracture, and the rest had no
bony injury. In the fear of falling group, 14 patients mobilized
with walking frames and 6 with sticks. In the control fallers, 8
used walking frames and 2 used sticks. There were no other
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major comorbidities in the groups studied. Two patients in the
fear of falling group and 1 in the control group had controlled
hypertension. One patient in each group had well-controlled
angina pectoris.

METHODS

Psychologic Assessment

In addition to the dichotomous question, “Do you have fear
of falling?’, patients were asked, “Have you avoided activities
because of fear of falling? Under supervision, patients aso
completed the falls efficacy scale (FES),* which is a 10-item
scale developed to measure fear of falling. Each item is scored
from 1 (very confident, no fear of falling) to 10 (very fearful of
faling). The scale is reported to be valid and reliable.# The
hospital anxiety and depression (HAD) scale was administered
under supervision.’s This is a 14-item scale for use with med-
icaly ill, hospitalized patients to assess levels of anxiety and
depression. Each item is rated from O to 3, and the scale is
reported to be valid and reliable.’s Patients were asked to
indicate their pain level immediately before the study using a
10-cm visua analog scale (VAS); a score of 0 indicating no
pain and a score of 10 indicating the worse pain ever experi-
enced.

Muscle Function

Maximal voluntary contraction. Maximal isometric
strength of the patient’s preferred or noninjured quadriceps
femoris muscle was measured with the knee at 90° using a
portable pressure transducer® as per manufacturer's instruc-
tions. The transducer was attached to a chair and to the pa
tient’s ankle via an inextensible strap. The best recording of at
least 5 measurements with a 1-minute rest between recordings
was taken after a training period.

Sustained isometric contraction.  Patients were asked to
maintain 40% of their maximum velocity contraction (MVC)
for a 2-minute period. Patients watched an LED display of
force generation to maintain target force. End-tidal co,
(PeTco,) and respiratory rate (RR) were measured by using a
soft plastic cannula taped at the nostril entrance using a Datex
Normocap 200 infrared co, meter® calibrated as per the manu-
facturer’s instructions. This device gives a breath-by-breath
display of RR and Petco, and co, waveform. This recording
method has been reported to give technically satisfactory
data.”

After baseline recordings, RR and Petco, were recorded.
Nadir value of Perco, and associated RR during SIMC was
also recorded.

Stand and 5-Meter Walk

The procedure was explained to patients before test com-
mencement. With the cannula in place, basal recordings of
Petco, and RR were made after a 5-minute rest period. Patients
were asked to stand up and walk for 5 meters and then to sit
again, at their own pace. An investigator walked alongside the
patient with the co, analyzer on atrolley. Another investigator
walked alongside each patient in case of overbalancing and
falls. At the end of each walk, patients rested for 5 minutes.
Petco, and RR were recorded immediately on standing, nadir
PeTco, and associated RR were recorded during walking, and
values immediately on sitting and after 3 minutes' rest were
also recorded. At least 2 walks were performed in each patient.

Statistical Analysis
Statistical analyses were performed using a commercially
available statistical package.® Normally distributed data were
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Table 1: Patient Characteristics

Fear of Falling Controls

Subjects (n) 18 women/2 men 8 women/2 men
Age (yr) 80.7 = 5.1 81.7 £ 6.5
Time from fall (d) 23.2 £ 16 23.9 £ 17
Pain score (VAS) (cm) 1.4 +1.8 1.7 +2
MVC (N) 140 = 68 149 = 57
FES 60 = 12 18 = 10*
HAD scale 145 + 6.5 6 = 3.4*
Anxiety component of

HAD scale 8.4 + 3.7 4.2 + 3.3*
Do you have fear of

falling? (Y/N) 20/0 0/10
Have you avoided

activities through fear of

falling? (Y/N) 14/6 0/10

Values shown as mean = SD.
*p <.01.

compared using nonpaired Student t tests, and Mann-Whitney
U tests were used for nonnormally distributed data. The rela-
tion between variables were examined using least sguares
regression analysis.

RESULTS

Patient’s characteristics and test performance are shown in
table 1. Four patients declined to participate, and 1 patient had
to be excluded because of an inability to obtain a satisfactory
Petco, trace. All other participants completed the study un-
eventfully. There was no difference between the groups in the
time since the incident fall and the study taking place. There
were no differences between the groups in pain scores or in
MVC (table 1). FES and HAD scores were significantly higher
in the fear of falling group (p < .01). The anxiety component
of the HAD scale was also significantly higher in the fear of
falling group (p < .01). Avoidance of activity because of fear
was reported by 14 of 20 of the fear of falling patients but by
none of the control group (x2 test, p < .01). There was no
significant relation between the time from fall and FES or HAD
scores. No correlation was seen between FES scores and pain
scores or MV C.

Sustained |sometric Muscle Contraction

PeTco, and RR at baseline and nadir values during SIMC are
shown in figures 1A, 1B. Four of the fear of falling patients
found it difficult to maintain their target force compared with 2
in the control group. Nadir values occurred at the end or near
the end of the sustained contraction in all patients. Both groups
had falls in Perco, during sustained contraction (p < .01).
Although mean RR rose in both groups, in neither group did it
achieve statistical significance. Within each group, 2 patterns
of response emerged: some patients had marked increases in
RR and decreases in Petco, (n = 5, controls, n = 10, fear of
falling) whereas the rest showed smaller changesin RR and in
Petco,. Baseline and nadir valuesfor PETco, were significantly
lower in the fear of falling group compared with controls (p <
.01). RR was lower at baseline and nadir in the control group
than in the fear of falling group, but this did not reach statistical
significance.

5-Meter Walk

The results presented are the mean value for 2 walks. Petco,
and RR responses for the fear of falling and control groups are
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Fig 1. (A) PeTco, at baseline and nadir during SIMC in patients with fear of falling (7 ) and controls ({). (B) RR at baseline and nadir in patients

with fear of falling (shaded) and controls (unshaded). *p < .01.

shown in figures 2A, 2B. In each group, standing was accom-
panied by increased RR and decreased Perco,. Nadir PeTrco,
was accompanied by increased RR in each group. At all mea-
surement points of the 5-meter walk, the Petco, level was
statistically significantly lower in the fear of falling group. RR
was higher in the fear of falling group at al points compared
with controls, but was statistically significant only at the nadir
Petco, and at the end of the walk.

Relationship Between FES and HAD Scores and RR and
PeTco, During SIMC and 5-Meter Walk

A significant correlation was seen between the FES and
HAD scoresonly in thefear of falling group (r = .65, p < .01).
In the fear of faling group only, the HAD score correlated
significantly with baseline RR and nadir RR (r = 054, r =
0.55, respectively, p < .01), but not PETco,, during SIMC. The
correlation between FES scores did not reach statistical signif-
icance (r = 0.45, p = .051).

During the 5-meter walk, the HAD score correlated with
baseline RR (r = 0.51, p = .02). The correlation between FES
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score and baseline RR did not reach statistical significance (r =
0.45, p = .052). Negative correlations were seen between
Petco, and the HAD score during the walk, but only achieved
statistical significance at the end of the walk (r = —.46, p =
.05). There were no correlations between MVC and Petco,
levels in either group during the 5-meter walk. No correlation
was seen between pain scores (VAS) and Perco, or RR. No
correlations were seen between the percentage change from
baseline to nadir of RR and Perco, during isometric contrac-
tion and the 5-meter walk. Baseline Perco, during SIMC and
5-meter walk correlated (r = .65, p = .0018) as did nadir
values in each procedure (r = 0.5, p = .025). Basdline RR
during SIMC and 5-meter walk correlated (r = .74, p = .0002)
as did nadir RR in each procedure (r = .53, p = .016)

DISCUSSION

In this study, and as reported previously,1%-12 we have shown
that SIMC leads to fals in Perco,. In patients with fear of
falling, this was more marked than in controls because baseline
Petco, was lower. We aso found that in patients with fear of
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Fig 2. (A) Petco, throughout 5-meter walk in patients with fear of falling (7 ) and controls ({J). (B) RR throughout 5-meter walk in patients
with fear of falling (shaded) and controls (unshaded). *p < .01. **p < .02. ***p < .05.
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falling, PETco, was lower at rest, at nadir, and at 3 minutes
after a 5-meter walk. RR rate was aso significantly higher at
the nadir and at the end of the walk in the fear of falling group.
We had expected that patients with fear of falling might be
weaker and, therefore, more likely to have lower Petco, levels
because of the need to use a greater proportion of their MVC
in rising from a chair and walking, akin to SIMC. This was not
the case because there was no difference in MV C between the
groups.

We found a significant correlation between FES and HAD,
which has also been reported previously.# In the fear of falling
group, we observed arelation between RR at rest at the start of
SIMC and the 5-meter walk and HAD scores, suggesting that
anxiety may be a contributory factor. During the 5-meter walk,
PeTco, levels correlated negatively with HAD and FES scores,
but the relationships only reached statistical significance at the
end of the walk. Pain is known to be associated with hypocap-
nia, but we found no relationship with VAS pain scores, and no
differences between our groups. Hypocapniais aso reported in
severe or endogenous depression,” but none of our patients
had this diagnosis. We measured PeTco, at the nostril, a
technique that has been reported to match measurements at the
mouth and to provide a close approximation, in healthy pa-
tients, to Paco,.16 We excluded patients with COPD, in whom
Petco, is underestimated. Although our examiners were
blinded to patient group and FES and HAD scores, patient
behavior during the 5-meter walk may have indicated to which
group individuals belonged.

Hypocapnia may be accompanied by various symptoms,
through 2 main mechanisms. Reduction in blood flow to the
brain, heart, and limbs produces dizziness and lightheadedness,
cold extremities, and chest pain, respectively. Respiratory a-
kalosis causes neurona irritability and may produce tetany
muscle spasms and paresthesia. A role in syncope is well
recognized,’® and a diagnostic tilt test procedure including
capnography has been proposed.?® In healthy patients, volun-
tary hyperventilation increases postural sway,?®** possibly
through deranged central and periphera mechanisms. In-
creased sway is reported within 30 seconds of hyperventila-
tion.2t We did not ask our patients about symptoms of hyper-
ventilation, but 14 had nadir Perco, levels at or below 25mm
Hg, which is sufficient to induce symptoms?? and possibly
influence balance.2*

CONCLUSION

We have shown that hypocapnia can occur during SIMC and
during walking in elderly patients with fear of falling. Anxiety
seems to be the main cause, but muscle weakness may con-
tribute. Further studies are needed to examine the symptoms of
hyperventilation in patients with fear of falling. Breathing
and/or relaxation techniques and reconditioning may have a
role in the treatment of patients with fear of faling in the
rehabilitation setting.
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