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Hyperventilation and exhaustion syndrome

Chronic stress is among the most common diagnoses in

Sweden, most commonly in the form of exhaustion syn-

drome (ICD-10 classification – F43.8). The majority of

patients with this syndrome also have disturbed breathing

(hyperventilation). The aim of this study was to investigate

the association between hyperventilation and exhaustion

syndrome. Thirty patients with exhaustion syndrome and

14 healthy subjects were evaluated with the Nijmegen

Symptom Questionnaire (NQ). The participants completed

questionnaires about exhaustion, mental state, sleep dis-

turbance, pain and quality of life. The evaluation was

repeated 4 weeks later, after half of the patients and

healthy subjects had engaged in a therapy method called

‘Grounding’, a physical exercise inspired by African dance.

The patients reported significantly higher levels of hyper-

ventilation as compared to the healthy subjects. All

patients’ average score on NQ was 26.57 ! 10.98, while

that of the healthy subjects was 15.14 ! 7.89 (t = "3.48,

df = 42, p < 0.001). The NQ scores correlated strongly

with two measures of exhaustion (Karolinska Exhaustion

Scale KES r = 0.772, p < 0.01; Shirom Melamed Burnout

Measure SMBM r = 0.565, p < 0.01), mental status

[Hospital Anxiety and Depression Score (HADS) depres-

sion r = 0.414, p < 0.01; HADS anxiety r = 0.627,

p < 0.01], sleep disturbances (r = "0.514, p < 0.01), pain

(r = ".370, p < 0.05) and poor well-being (Medical Out-

comes Survey Short Form 36 questionnaire- SR Health

r = "0.529, p < 0.05). In the logistic regression analysis,

the variance in the scores from NQ were explained to a

high degree (R2 = 0.752) by scores in KES and HADS. The

brief Grounding training contributed to a near significant

reduction in hyperventilation (F = 2.521, p < 0.124) and

to significant reductions in exhaustion scores and scores of

depression and anxiety. The conclusion is that hyperventi-

lation is common in exhaustion syndrome patients and

that it can be reduced by systematic physical therapy such

as Grounding.
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Introduction

Chronic stress is among the most common diagnoses for

individuals on long-term sick leave in Sweden (1).

Chronic stress can be seen as a process of deteriorating

energetic resources (2, 3). Severe stress symptoms occur

if an imbalance between investing and regaining energy

persists over a long period of time. Chronic stress symp-

toms usually occur within three areas: emotional exhaus-

tion, physical tiredness and cognitive difficulties (3–6).
Emotional exhaustion refers to having a lack of energy in

social intercourse situations. Physical tiredness manifests

itself in a feeling of tenseness as well as an inability to

accomplish everyday tasks. Cognitive difficulties are char-

acterised by decelerated cognitive processes and by

memory and concentration problems. In Sweden, chronic

stress symptoms leading to inability to work has been

recognised by the National Board of Health and Welfare

as ICD-10 medical diagnosis (exhaustion syndrome –
F43.8) (7). The diagnosis and treatment of exhaustion

syndrome has been a subject of numerous studies (8–10)
in the last decade. In one of the first published treatment

studies (11), we examined a group of 80 patients with

exhaustion syndrome and exposed them to a treatment

programme based on group cognitive behavioural ther-

apy (CBT). Along with other health complaints, it was

noted that the patients consistently complained about

breathing problems. Although the relationship between

disturbed breathing and stress response has been well

studied (12), to our knowledge, there has not been a

published study on the disturbed breathing that occurs in

connection with exhaustion syndrome, nor have there

been any accounts of attempts to systematically influence

respiratory patterns in the treatment of patients with

exhaustion syndrome. One potential method for such
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treatment comes from the tradition of body awareness

training often used in Sweden as a part of physical ther-

apy. The method is based on the observation that yoga

respiration training (pranayama) stimulates the parasym-

pathetic nervous system (13–15) and thus reduces sym-

pathetically driven stress responses. It has also been

found that the parasympathetic nervous system can be

stimulated through dance and other mind–body inter-

ventions (14, 16, 17) and that these activities have a

positive effect in the treatment of diseases caused by

stress (18). Breathing practice exercises, as shown in

another study, have brought about decreases in anxiety

levels by re-establishing breathing patterns (19). One

new method which may be used is based on the African

dance called ‘Grounding’ and involves performing rhyth-

mical movements while maintaining a balanced respira-

tion (20). The founder of Grounding, Bedu Annan from

Ghana, hypothesised that Grounding has positive physi-

cal and psychological effects on health. In Grounding,

one systematically works on releasing tension throughout

the whole body: in the feet, ankles, knees, pelvis, shoul-

ders, arms, hands, neck and head. The rhythm in the

movement flows; as energetic movement shifts into

relaxed movement, tension is released and free breathing

becomes easier. The accompanying stamping movements

ensure good contact with the ground and give a feeling

of stability.

The aim of the present study is to systematically study

the role of disturbed breathing in patients with exhaus-

tion syndrome and to explore the efficacy of utilising the

African dance of Grounding as a type of short-term phys-

ical therapy for normalising their respiratory patterns.

The first hypothesis is that patients with exhaustion

syndrome experience disturbed breathing, manifested

mainly as hyperventilation, and that the severity of this

dysfunction is related to the severity of their exhaustion

syndrome.

The second hypothesis is that the respiratory patterns

of patients with exhaustion syndrome patients can be

normalised through short-term physical therapy based on

Grounding and that such a normalisation will lead to a

reduction of the symptoms of exhaustion.

Material and method

Participants and procedure

Consecutive patients referred to the Stress Clinic in Stock-

holm by primary care physicians and diagnosed as having

work-related exhaustion syndrome (F43.8 diagnosis in the

ICD-10 classification system) were asked to participate in

the study before the regular treatment programme was ini-

tiated. Out of 45 patients invited to participate, 30 patients

were enrolled (Table 1). Following advertisement about

participation in the study at the campus at Karolinska

Institute, 17 healthy subjects expressed interest and 14

were included in the study. The patients were divided into

control and intervention groups by placing the first eight

consecutive patients into the control group and the next

eight into the intervention group, and then, similarly,

placing the next seven in the control group and the final

seven into the intervention group.

Thus, the intervention group consisted of 15 patients

(12 female and three male), the control group of 15

patients (12 female and three male) and the healthy group

of 14 persons (12 female and two male). Participants were

invited to an introductory group session in which the

study programme was explained, questionnaires com-

pleted and monitoring equipment introduced (see below).

The patients in the intervention group and the healthy

subjects were asked to return twice a week for 4 weeks to

participate in Grounding training sessions (1.5 hours each)

conducted in groups of seven or eight participants. The

intervention group met on Tuesdays and on Thursdays

early in the afternoon; the healthy group met on Mondays

and on Thursdays late in the afternoon. The grounding

training was standardised for all the participating subjects.

The physiotherapist, who led all the training sessions, was

trained by a grounding/dance therapist (20). During the

first and last week of training, physiological monitoring

equipment was employed on the participants for a 2-day

period while they engaged in their normal life activities.

The results of the physiological tests will be reported sepa-

rately. At the end of the training period, identical ques-

tionnaires were completed. The control patient group

completed similar evaluations at the beginning and at the

end of the 4-week period without undergoing any inter-

vention attempts. The study was approved by the Ethics

Committee at the Karolinska Institute, and written

informed consent was received from each participant.

Grounding

Grounding is defined as a kind of physical exercise,

involving free-swinging movements and sounds which

originate from African dance (20). The founder’s main

philosophy was to move in a way that effectively makes

use of a person’s movement energy. In this study, the

Table 1 Characteristics of patients with exhaustion syndrome and

healthy subjects, n and mean ! SD

Healthy

subjects

N = 14

Patients

Total group

N = 30

Intervention

group

N = 15

Control

group

N = 15

Age (years) 42.8 ! 4.1 44.2 ! 8.8 43.4 ! 6.2 45.0 ! 11.0

BMI(kg/m2) 21.9 ! 1.7 25.1 ! 4.1 24.3 ! 3.8 25.9 ! 4.3

Smoking (n) 0 0 0 0
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Grounding-based intervention was aimed at improving

body awareness, breathing and relaxation.

The content of the programme gradually expanded over

the 4-week intervention period, 1, 5 hours, twice a week.

During the first week, the participants were taught to lis-

ten and move to the rhythm. Attention was then given to

the contact between the feet and the ground as well as

the position of the pelvis. During the second week, the

participants began moving to music of the drums. During

the third and fourth weeks, the participants tried out Afri-

can ‘working movements’ to the sound of music and they

also tried capturing pauses using African music of poly-

rhythmic character. This session was ended with stretch-

ing, body shaking and relaxation, lying on the floor,

focusing on free flow of breathing. The group of patients

and the control group of healthy persons both realised the

same Grounding programme.

Measures

For each patient and healthy subject, demographic data

and information about age, height, weight and smoking

were assessed by a questionnaire (Table 1).

Hyperventilation

Hyperventilation is defined as breathing in excess of met-

abolic requirements, in terms of CO2 production. It was

first used by Kerr et al. (21) in 1938 to describe patients

with somatic symptoms of both hypocapnia and anxiety.

A majority of patients who experience hyperventilation,

as measured with NQ, have a thoracic dominant breath-

ing pattern (21), increased anxiety and a decreased qual-

ity of life (22).

Nijmegen Symptom Questionnaire

The Nijmegen Symptom Questionnaire (NQ) is used as a

measure of hyperventilation (23). It is a quick and easy

to administer assessment tool which assesses 16 symp-

toms associated with abnormal breathing on a 5-point

ordinal scale (1 = never, 5 = very frequently). The symp-

toms relate to different systems: (i) cardiovascular, for

example palpations; (ii) neurological, for example dizzy

spells, tingling fingers; (iii) respiratory, for example short-

ness of breath; (iv) gastro-intestinal, for example bloated

abdominal sensation; and (v) mental, for example ten-

sion. A score of 24/64 or more indicates a possible diag-

nosis of hyperventilation (24, 25)

Hospital Anxiety and Depression Scale

The Hospital Anxiety and Depression Scale (HADS)

measures mental health (26). The score range in HADS is

0–21; a higher score indicates poorer mental health.

Karolinska Exhaustion Scale

The Karolinska Exhaustion Scale (KES) has been con-

structed to provide specific assessments of exhaustion in

clinical and research settings. It is a self-report pen-and-

paper instrument based on the Swedish National Board

of Health and Welfare’s description of the diagnosis of

the syndrome of exhaustion (27). The 41 items in KES,

each graded from 1 (never) to 5 (always) comprise four

inter-related dimensions: (i) lack of recovery, (ii) cogni-

tive exhaustion, (iii) somatic symptoms and (iv) emo-

tional distress. Lack of recovery contains items relating to

excessive fatigue and perpetuated patterns of sleep and

rest. The dimension of cognitive exhaustion contains

items that are associated with problems with memory,

concentration and coping with mental demands. The

dimension of somatic symptoms assesses such physical

sensations as headaches, palpitations, chest pain, muscu-

lar tension and pain. Finally, the dimension of emotional

distress covers symptoms of irritability, depression and

anxiety. Data can be presented as a total average or as an

average of four subscales.

Karolinska Sleepiness Scale

Sleep disturbances were examined through an eight-

question index (graded 1–5) taken from the Karolinska

Sleep Questionnaire (KSQ; e.g., I have difficulties falling

asleep; I do not feel well-rested when I wake up in the

morning; I experience disturbed sleep; 28). The Cron-

bach’s a coefficient was 0.71.

Shirom Melamed Burnout Measure

The measures in the study included the Shirom Melamed

Burnout Measure (SMBM), which is designed to measure

chronic stress according to perceived stress symptoms.

The SMBM contains 22 items (graded 1–7) that measure

different facets of chronic stress by focusing on the deple-

tion of an individual’s energetic resources (4). The

respondents rate how much physical, emotional and psy-

chological stress symptoms they experience (29). High

scores indicate an intense experiencing of stress symp-

toms. In this study, as in previous studies, a rating of four

or above was considered to be indicative of serious stress

symptoms (30). The Cronbach’s a coefficient was 0.93 at

time 1 and 0.94 at time 2.

Medical Outcomes Survey Short Form 36 questionnaire

The Medical Outcomes Survey Short Form 36 question-

naire (SF-36) (31) is a multipurpose, short-form health

survey with 36 questions. It yields an 8-scale profile of

functional health and well-being scores, psychometrically

based physical and mental health summary measures and
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a preference-based health unity index. For the present

study, we have chosen to use item 1 ‘Your health is’

(1 = excellent, 5 = bad).

Pain

Pain intensity was rated on a 0–100 mm visual analogue

scale (VAS). Zero was defined as ‘no pain’ and 100 as ‘the

worst imaginable pain.’ Pain location was also shown on a

pain drawing, indicating particular pain areas (32)

Data analysis

In a first step, the data were explored by means of descrip-

tive statistics as the correlations between variables were

tested with the Spearman’s correlation coefficient, and t-

tests between patients and healthy group data were con-

ducted. In a second step, to answer the research questions,

an analysis of variance and a logistic regression analysis

were conducted. To test the treatment effect, ANOVA for

repeated measures was conducted. The statistical analyses

were carried out using the Statistical Package for Social Sci-

ences (SPSS) version 19.0 for Macintosh (IBM Corp.,

Armonk, NY, USA). A p < 0.05 was considered significant,

while a p < 0.1 was considered a trend for significance.

Results

During the initial evaluation of the participants’ respira-

tion, the patient group scored significantly higher than

the healthy subjects on the NQ, indicating hyperventila-

tion syndrome (Table 2). The patients’ average score was

26.57, while that of the healthy subjects was 15.14

(t = "3.48, df = 42, p < 0.001). In the patient group, 19/

30 scored ≥24, indicating hyperventilation, while 3/14 of

the healthy subjects had such scores. After the Ground-

ing intervention, there was a slight but nonsignificant

decrease in hyperventilation in the patient group who

had received intervention, whereas there was no change

in the patient control group (Table 2).

At baseline, when both patients and healthy subjects

were combined in one group (n = 44), highly significant

correlations were found between the NQ scores and a

number of measures: two measures of exhaustion (KUS

r = 0.772, p < 0.001; SMBM r = 0.565, p < 0.01; Fig. 1),

mental status (HADS depression r = 0.414, p < 0.001;

HADS anxiety r = 0.627, p < 0.01), sleep disturbances

(r = "0.514, p < 0.01), pain (r = "0.370, p < 0.05) and

well-being (SF-36, health r = "0.529, p < 0.05). Simi-

larly strong correlations were observed within the patient

and healthy groups. The same pattern of correlation

appeared after the intervention 4 weeks later.

To study which factors best predict hyperventilation

syndrome, a linear stepwise regression analysis was con-

ducted with all factors included. The NQ scores were best

predicted by KES (B = 13.690, p = 0.001), HADS depres-

sion (B = "1.058, p = 0.021), and HADS anxiety

(B = 0.937, p = 0.013; Table 3). The R2 was high and sig-

nificant (R2 = 0.752). Neither sleep disturbances nor

measures of quality of life contributed further to the vari-

ance in hyperventilation syndrome.

The evaluation of the intervention

The brief Grounding intervention was intended to reduce

hyperventilation syndrome, reduce exhaustion syn-

drome, improve mental state and improve quality of life.

In the patient intervention group, hyperventilation syn-

drome scores were lower at follow-up, as compared to

the patient control group (Table 4), but this difference

did not reach significance. Statistically significant changes

in level of exhaustion syndrome (KES and SMBM) and

level of depression and anxiety (HADS) were also

observed. No statistically significant changes between the

intervention and control groups were observed in the

level of sleep complaints, pain or quality of life

measurements.

Table 2 Hyperventilation in healthy subjects and patients,

mean ! SD

Before

Intervention

After

Intervention p-value

Healthy

subjects n = 14

15.14 ! 7.89 14.07 ! 9.38 0.396

Intervention patient

group n = 15

26.67 ! 12.05 24.73 ! 9.01 0.232

Patient control

group n = 15

25.78 ! 10.27 27.92 ! 10.07 0.251

Figure 1 Correlation between hyperventilation (Nijmingen Symptoms

Questionnaire) and exhaustion (Karolinska Exhaustion Syndrome) in a

group of patients with exhaustion syndrome (n = 30) as well as a

group of healthy control subjects (n = 14).
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Discussion

The present study found significantly disturbed breathing

patterns among patients with work-related exhaustion

syndrome, as compared to healthy subjects. Of the condi-

tions tested for, hyperventilation syndrome, as assessed

by the NQ, was most prominent among the patients. The

severity of their hyperventilation syndrome was highly

correlated with levels of exhaustion, depression, anxiety,

sleep disturbances and quality of life. The present study

also demonstrated that a short-term physical therapy

intervention based on Grounding may have a potentially

ameliorating effect on the hyperventilation syndrome of

exhausted patients, as well as on their experiencing of

exhaustion, anxiety and depression.

To our knowledge, this severe disturbance of breathing

in patients with exhaustion syndrome has not been

reported before. There are many reasons why normal

breathing can become negatively affected, including bio-

chemical-, biomechanical- or psychological-based disor-

ders (33). Conscious or unconscious changes in breathing

can affect both our feelings and thoughts, and emotions

and feelings of anger, fear and anxiety can increase our

breathing (33). Biomechanical aspects of breathing influ-

ence its functionality and patients with unexplained

breathing symptoms, such as dyspnoea, often show

abnormalities in breathing pattern (34, 35). Alterations

in the performance of the respiratory muscles may

reduce the effectiveness of ventilation. Subjects who suf-

fer from hyperventilation syndrome often show a pre-

dominantly upper chest breathing pattern at rest. It has

been proposed that the abdominal afferent proprioceptive

input associated with such breathing can directly result

in the perception of respiratory symptoms (19). Unpleas-

ant sensations can arise in the intercostals and other

breathing muscles due to prolonged upper chest

breathing, and the sensations may become even worse if

the subject is stressed. Thus, it is not surprising that

patients with exhaustion syndrome and increased levels

of anxiety show higher levels of hyperventilation com-

pared to healthy controls. The present results are

strengthened by results from Hagman et al. (34) whose

patients with nondiagnosed dysfunctional breathing

problems scored similarly to the patients in the present

study on the NQ. In addition, the control subjects in the

study by Hagman et al. had the same level of hyperventi-

lation as the healthy subjects in the present study. In our

study, 63% (19/30) of the patients and 2% (3/14) of the

healthy subjects had scores indicating hyperventilation

(≥24). This is in accordance with Thomas et al. (35) who

estimated the prevalence of dysfunctional breathing in an

adult population, as measured by the NQ in a cross-sec-

tional postal survey and found it to be 9.5%.

In this study, the level of respiratory disturbance was

highly correlated with the level of exhaustion as well as

with depression and anxiety scores, sleep disturbances

and low quality of life. This result is in accordance with

other researchers reporting that patients with dysfunc-

tional breathing have a lower level of quality of life and

are more anxious and depressed (34). Our breathing can

be under automatic or voluntary control (36, 37). This

dual nature of breathing gives us great power but can

also involve risks and problems (36, 38), as breathing is

an activity on which our physiological and our psycho-

logical being depend. Most of the time, we are unaware

of breathing, but as soon as something physical or psy-

chological causes breathing to change, it immediately

impinges on our sense of well-being. The discomfort it

carries with it can bring on a range of sensations, such as

becoming emotionally upset – which can indirectly dis-

rupt physical functions in the body (36). For example,

excessive breathing with an upper chest breathing

Table 3 Predicting level of hyperventilation syndrome scores (Nijmegen Symptoms Questionnaire) by means of a stepwise regression analysis

Model

Unstandardised

Coefficients
Standardised Coefficients

t Significance

95% Confidence Interval for B

B SE Beta Lower Bound Upper Bound

(Constant) "10.865 36.326 "0.299 0.767 "85.052 63.323

KES 13.690 3.564 .863 3.841 0.001 6.412 20.968

Age .035 .169 .023 0.209 0.835 "0.309 0.380

Weight ".053 .120 ".054 "0.440 0.663 "0.298 0.192

Height .050 .194 .036 0.256 0.800 "0.347 0.446

HAD Depression "1.058 .436 ".429 "2.426 0.021 "1.948 "0.167

HAD Anxiety 0.937 0.353 0.394 "2.655 0.013 0.216 1.657

SMBM "0.700 1.731 "0.091 "0.404 0.689 "4.234 2.834

Sleep 0.127 2.781 0.008 0.046 0.964 "5.553 5.807

SR 36 Well-being "0.207 1.365 "0.019 "0.152 0.880 "2.995 2.580

Pain "0.405 0.590 "0.085 "0.687 0.498 "1.611 0.800
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pattern can be triggered by a stressful situation associated

with fear, anger or anxiety. This breathing pattern can

generate unpleasant sensations such as dyspnoea, pain or

tightness in the chest (36).

In the present study, changes in the level of hyperven-

tilation syndrome between two study points were accom-

panied by similar changes in the level of exhaustion

syndrome, mental state and quality of life, which further

points to the strong relationship between respiration and

exhaustion due to work stress.

The intervention in this study comprised Grounding, a

kind of physical exercise. At present, there is no standar-

dised treatment for patients with hyperventilation syn-

drome. Previous studies of patients experiencing

hyperventilation or dysfunctional breathing have

reported positive results after a period of breathing

retraining (33, 39–41). Also, improvements in coping

with stressful situations (33, 41), reduction in somatic

complaints (33, 40, 41) and lower anxiety levels (33, 41)

have been reported. A 3-year follow-up study of patients

with functional cardiac symptoms related to hyperventi-

lation reported that the patients were less prone to future

respiratory deregulation and subsequent cardiac symp-

toms after they had been trained in diaphragmatic

breathing (40).

In treating asthma, breathing retraining has involved

both informational and practical components, although

the modification of breathing patterns is the most central

component in most programmes (42).

In this study, we assessed the participants’ breathing

problems using the NQ, a measure of hyperventilation.

Although there is a lack of consensus on the definition

and best methods for evaluating breathing problems (39,

43), the NQ is widely accepted and was deemed to be

appropriate for our purposes.

There are some limitations in this study. Due to a large

variability in the NQ scores, the difference between the

intervention and control groups in the present study was

only marginally significant. This problem could be reme-

died in the future by using a much larger sample size.

Thus, the conclusion of the study is that hyperventila-

tion is common in exhaustion syndrome patients and

that it can potentially be reduced through systematic

physical therapy such as Grounding.

Table 4 Changes observed between the initial measurement and the 5-week follow-up, a period in which the intervention patient group which

received weekly Grounding training, and patient control group without training, mean ! SD

Intervention N = 15 Control N = 15

F ratios

Time

(nano seconds) Time 9 Groups

Hyperventilation syndrome

Before 26.67 ! 12.05 25.78 ! 10.27 0.007 2.521 (p < 0.124)

After 24.73 ! 9.01 27.92 ! 10.07

KES

Before 3.09 ! 0.42 2.85 ! 0.54 3.14 (p < 0.089) 12.05 (p < 0.002)

After 2.87 ! .51 3.05 ! 1.08

SMBM

Before 5.17 ! 1.01 4.52 ! 1.0 0.28 13.67 (p < 0.001)

After 4.55 ! .67 5.08 ! 1.09

HAD depression

Before 9.53 ! 2.99 9.00 ! 4.72 2.26 (p < 0.145) 3.32 (p < 0.080)

After 9.33 ! 3.22 11.08 ! 5.87

HAD anxiety

Before 10.53 ! 4.40 9.83 ! 3.47 0.179 3.36 (p < 0.079)

After 8.93 ! 3.47 10.83 ! 4.15

Sleep quality

Before 2.87 ! 0.586 2.78 ! 0.673 1.736 (p < 0.200) 0.24 ns

After 2.93 ! 0.630 2.90 ! 0.664

Pain

Before 4.9 ! 2.43 4.15 ! 2.22 0.074 0.06 ns

After 4.6 ! 2.42 4.67 ! 2.21

SF 36 well-being

Before 3.6 ! 0.82 3.67 ! 0.65 0.015 1.86 (p < 0.105

After 3.4 ! 0.63 3.83 ! 0.58

Hyperventilation syndrome according to Nijmegen Symptoms Questionnaire; Karolinska Exhaustion Scale (KES); Shirom Melamed Burnout Measure

(SMBM); Hospital anxiety and Depression (HAD); 36-Item Short-Form Health Survey (SF 36).
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