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ABSTRACT

Background: Sustained and subtle hyperventilation can result in a wide variety of symptoms, leading to a
chronic condition that has been termed hyperventilation syndrome (HVS). Treatment options include physio-
therapy, in the form of breathing retraining (BR), but additional approaches aim to reduce the anxiety that is
recognized as being a frequent component of this condition.

Objectives: The aim of this study was to evaluate whether acupuncture is an appropriate treatment for HVS
to reduce anxiety, and whether a crossover trial is an appropriate study design to evaluate acupuncture in this
condition.

Design: A single-blind crossover trial was carried out comparing the effects of 4 weeks (30 minutes twice
weekly) acupuncture and BR on patients with HVS.

Subjects: Ten (10) patients diagnosed with HVS were recruited to the trial and randomized into two groups.
Both groups received acupuncture and BR with a washout period of 1 week.

Outcome measures: The primary outcome measure used was the Hospital Anxiety and Depression (HAD)
Scale. Other outcome measures used were the Nijmegen questionnaire and Medical Research Council Dys-
pnea scale.

Results: The results showed statistically significant treatment differences between acupuncture and breath-
ing retraining, in favor of acupuncture. Reductions were found in the HAD A (anxiety) (p � 0.02) and Nij-
megen (symptoms) (p � 0.03) scores. There was no statistical evidence of any carryover effects. However,
when graphically examining individual anxiety scores, in those who received acupuncture first, there was a re-
duction in anxiety levels which persisted through the washout period, suggesting that there may have been some
carryover effect from this treatment.

Conclusions: This study suggests that acupuncture may be beneficial in the management of HVS in terms
of reducing anxiety levels and symptom severity. However, there may be some carryover effect, after acupunc-
ture treatment, which went undetected because the small sample size. This preliminary study provides the ba-
sis for a larger, sufficiently powered and methodologically sound trial.
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INTRODUCTION

Hyperventilation has been defined as breathing in excess
of metabolic requirements and is associated with a re-

duction of arterial carbon dioxide, leading to a respiratory
alkalosis and a range of physical symptoms.1 Hyperventila-
tion syndrome (HVS) is a term that was originally used to
provide a clinical diagnosis for patients presenting with dis-
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turbed breathing associated with diverse symptoms.2 Anxi-
ety was a core component in the original description of HVS,
but the relationship of hyperventilation to anxiety is not sim-
ple and hyperventilation can occur without anxiety.3 HVS
is a controversial diagnosis,4 but it continues to be used by
clinicians and authors.

Physiotherapy is one of the treatment options frequently
offered to patients with HVS and generally consists of a
combination of advice, education, and specific breathing re-
training techniques (BR). It is currently unclear which com-
ponents of the physiotherapy treatment is most effective for
HVS.5–7 Physiotherapists and others are now beginning to
explore therapies such as acupuncture as adjunctive treat-
ments in the management of HVS. Although a systematic
review has reported that acupuncture has been used with
some success in patients with respiratory conditions,8 there
is no objective evidence to support its use in the treatment
of HVS. A small uncontrolled acupuncture study by Lev-
ashov9 did find reductions in subjective symptoms and res-
piratory minute volume, but any mechanisms were not dis-
cussed by the authors. It is well documented that
acupuncture influences centers within the brain (e.g., limbic
system), and this could affect emotional factors.10 Acupunc-
ture may therefore help HVS by reducing the anxiety com-
ponent of the condition.

The aims of this preliminary, uncontrolled, randomized
study were (1) to establish whether acupuncture could be an
appropriate modality in reducing anxiety in the treatment of
HVS, when compared to standard physiotherapy breathing
retraining; and (2) to establish whether a crossover design
was appropriate for investigating the effects of acupuncture
and BR.

MATERIALS AND METHODS

It was recognized that recruitment for this study might
prove to be difficult. In a crossover design, participants act
as their own controls, thereby minimizing within-subject
variability and thus reducing the number of people who need
to be recruited. A single-blind randomized, crossover trial
was conducted with consecutive willing patients who were
recently diagnosed with HVS and referred for physiother-
apy treatment to Southampton General Hospital between
May and November 2003. Diagnosis was based on a com-
bination of physician clinical judgment, elimination of al-
ternative diagnoses through specific investigations, and
symptom reproduction during a hyperventilation provoca-
tion test.11 All participants were asked to complete a health
questionnaire prior to entering the trial to ensure there were
no contraindications to acupuncture treatment. Written in-
formed consent was obtained from all participants subse-
quent to Ethical Committee approval (ethics number
034/03/t) and prior to data collection.

Because this was a pilot study, a sample size calculation

was not performed. A convenience sample of 10 participants
was recruited. Inclusion criterion: patients recently diag-
nosed with HVS and referred for standard physiotherapy by
a consultant respiratory physician. Newly diagnosed patients
with HVS were considered appropriate for the trial to re-
duce the chances of them having already received any BR
or acupuncture for their condition. Exclusion criteria were
the following: (1) patients who did not wish to receive
acupuncture treatment; (2) patients who were receiving other
conventional or complementary therapy for their HVS; and
(3) patients with conditions for which acupuncture treatment
was contraindicated (e.g., active infection, epilepsy, cardiac
pacemaker, and areas of broken skin). Although only a rel-
ative contraindication, women who were pregnant or plan-
ning to become pregnant during the trial were excluded. Be-
cause of the potential adverse effects of stimulating some of
the acupuncture points during pregnancy, it was considered
ethically appropriate to exclude these patients.12

All patients who fulfilled the criteria were invited to par-
ticipate in the trial by the researcher and were given an in-
formation leaflet. All participants were acupuncture naive
and had not received acupuncture or BR treatment previous
to this trial. Those willing to take part attended the hospital
for assessment. Baseline assessments consisted of the Hos-
pital Anxiety & Depression (HAD) scale13 and the Nijmegen
hyperventilation questionnaire.14 Because each participant
would receive both treatments, randomization using random
number tables was carried out to allocate the order of treat-
ment (i.e., Group A: acupuncture followed by BR or Group
B: BR followed by acupuncture).

In group A, the participants attended twice a week for 4
weeks and received eight acupuncture treatments. At the end
of the 4-week period, outcome measures were taken. A 1-week
“washout” period followed. This washout period was cho-
sen because there was no evidence prior to this study that
suggested any long-term effects of either BR or acupunc-
ture in this population. Participants in group A were then
asked to attend twice a week for a further 4 weeks and re-
ceived BR. At the end of this period, final outcome mea-
sures were taken. In group B the participants attended at the
same time intervals receiving BR for the first 4 weeks and
acupuncture in the second 4-week period. Although blind-
ing is desirable to eliminate experimenter bias, in this study
it was not possible to blind either the participants or the in-
tervention therapist. Therefore, a respiratory nurse who was
blinded to the group allocation carried out baseline and out-
come assessments. A senior clinical physiotherapist (with
12 years’ experience in respiratory physiotherapy and 5
years experience using acupuncture in respiratory care) car-
ried out both interventions.

A traditional Chinese medicine (TCM) approach to
acupuncture would mean the use of individualized treatment
programs for each patient. However, most physiotherapists
are not trained in TCM, so to make this study applicable to
physiotherapy, a standardized point prescription was used.
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The choice of a Western approach to acupuncture was prag-
matic and does not imply that it would be more beneficial
than a TCM approach. The points used were Colon 4, Liver
3, and Stomach 36. Combinations of these points have been
used in studies of acupuncture for anxiety15 and have been
examined in studies investigating the deactivation of the lim-
bic system and activation of serotonergic responses, which
may be the mechanism by which acupuncture works for anx-
iety and depression states.16,17 Sterile, single-use acupunc-

ture needles were used (40 mm long � 0.25-mm diameter)
from Noma (Complex Homeopathy) Limited (Southampton,
United Kingdom). Each needle was inserted into the acu-
puncture points and de qi (needling sensation associated with
acupuncture) was elicited by manipulation of the needles.
Each participant was treated bilaterally and had a total of
six needles inserted for the duration of the treatment. A
draining technique was used and the needles were left for a
period of 30 minutes. The practitioner returned to check on
the participant at regular intervals during the intervention.

Standard BR was provided in the form of breathing con-
trol and relaxation techniques. Participants were taught
breathing control by asking them to place one hand on their
upper abdomen and to concentrate on abdominal move-
ments.18 Participants were instructed to allow the abdomen
to rise on inspiration and fall on expiration. They were en-
couraged to slow the rate of breathing. Once this was mas-
tered, participants were advised to continue with this tech-
nique for as long as they could during the session.
Participants were also guided through a relaxation session
during this time.19 BR sessions lasted approximately 30 min-
utes in total. Participants were advised to continue to prac-
tice the breathing technique at home at regular intervals dur-
ing the day.

Outcome measures

The primary outcome measure was the HAD scale. This
is a validated scale20 used to identify anxiety and depres-
sion disorders among patients in nonpsychiatric hospital
clinics. It is divided into an anxiety subscale (HAD-A) and
a depression subscale (HAD-B), both containing seven in-
termingled items. Scores of 0–7 indicate anxiety and de-
pression to be within normal range, 8–10 are deemed bor-
derline, and 11–21 are deemed abnormal.13 These authors
are unaware of any consensus as to the minimal clinically
important change on this scale. The secondary outcome mea-
sure was the Nijmegen questionnaire. This is a validated
screening tool, which has been shown to have 95% effec-
tiveness in distinguishing “hyperventilators” from “nor-
mals.”14 Scores of 23 and above are deemed indicative of
hyperventilation.
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FIG. 1. Consort diagram of trial.

TABLE 1. BASELINE CHARACTERISTICS AND BASELINE DATA FOR THE TWO GROUPS AS MEANS (STANDARD DEVIATIONS)

Group A (n � 22) Group B (n � 5)
Variable Acupuncture/BR BR/Acupuncture

Age (years) 53 (12.3) 47 (13.7)
Gender (M/F) 2/3 3/2
HAD Scale Anxiety score 14 (8) 12 (8)
HAD Scale Depression score 8 (2.5) 8 (10)
Nijmegen score 32 (12.5) 26 (9.5)
Symptom duration (years) 2 (1.67) 1 (0.75)

HAD, Hospital Anxiety and Depression.
Standard deviations are in parentheses.
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Data analysis

All data were entered into SPSS (version 12.0; SPSS Soft-
ware Inc., Chicago, Illinois), which was also used to calcu-
late descriptive statistics. Data were transferred to SAS to
compare interventions using an analysis-of-variance approach
in which treatment effects, carryover effects (i.e., whether the
effects from the treatment in the first period affected the out-
comes from the second treatment period) and period effects
(i.e., whether the participants’ condition and their ability to
respond to treatment remained stable across both periods of
treatment) were assessed as recommended by Senn.21 The
study is reported in accordance with the CONSORT (Con-
solidated Standards of Reporting Trials) statement.

RESULTS

During the data collection period, 20 consecutive HVS pa-
tients attending for physiotherapy were invited to participate
in this study. Of these, 5 were found to be ineligible (preg-
nancy, pacemaker [2], epilepsy, and active rheumatoid arthri-
tis) and 5 declined to participate (Fig. 1). Ten patients were
recruited (5 male, 5 female) and all completed the trial. Table
1 shows baseline characteristics for the two groups. The base-
line scores for both groups are presented in this table. As ex-
pected, the results from the Nijmegen questionnaire at base-
line show that symptom scores were high. All 10 participants
had Nijmegen scores of �23 at baseline (�23 being positive
for hyperventilation). HAD anxiety scores were also high,
with 9 of 10 of the sample having a clinically relevant score
for anxiety (i.e., �11) at baseline. Despite being newly diag-
nosed, the mean length of time that participants in this study
had been symptomatic was 2 years (range 6 months to 5
years), which reflects a high level of chronicity within the
sample. Table 2 shows the results for the HAD and Nijmegen
scores presented for the whole sample pre- and post-BR, and
pre- and post-acupuncture. After each intervention there was
some reduction in the anxiety scores, although this was more
marked after acupuncture. Nijmegen scores were found to rise
a little after BR, but were reduced after acupuncture (although
still positive for hyperventilation). The individual changes in
HAD anxiety and Nijmegen scores for each group are de-
picted in Figures 2–5. The analysis of variance approach
showed no evidence of any carryover effect, but a statistically

significant period effect was noted for both HAD anxiety and
Nijmegen scores. When graphically examining individual
anxiety scores for group A, who received acupuncture first
(Fig. 2), there was a reduction in anxiety levels. However, af-
ter the washout period these scores remained almost identi-
cal to those after the acupuncture treatment, suggesting that
there may have been some carryover effect from the acupunc-
ture. A similar pattern was found with the Nijmegen scores
for group A (Fig. 4) in that pre-BR treatment the Nijmegen
scores were almost identical to those postacupuncture treat-
ment. In Figure 3, any carryover effect is not evident after
BR. It is possible that the small sample size meant that any
carryover effect might have passed undetected on statistical
analysis. It is unclear, therefore, whether the treatment dif-
ferences that were found were simply caused by a carryover
effect. The period effect suggests that the participants re-
sponded differently, or their condition changed, from the first
treatment period to the second. The analysis was therefore
modified to take this period effect into account when assess-
ing treatment effect. There were statistically significant treat-
ment effects for anxiety scores and Nijmegen scores (Table
3). In view of the potential carryover effect, a between-pa-
tient comparison was carried out looking only at the data ob-
tained from period 1 of the study. An independent-samples t
test indicated that there were no statistically significant dif-
ferences between acupuncture and BR (Table 4).
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TABLE 2. SCORES FOR ANXIETY, DEPRESSION, AND HYPERVENTILATION BEFORE AND AFTER EACH

INTERVENTION FOR THE WHOLE SAMPLE EXPRESSED AS MEAN (STANDARD DEVIATIONS)

Pre BR Post BR Pre Acu Post Acu

HAD Scale Anxiety score 9.8 (3.8) 8.6 (3.6) 12 (4.4) 8 (3.4)
HAD Scale Depression score 7.1 (3.8) 6.2 (2.9) 7 (3.7) 5 (2.7)
Nijmegan score 28 (5.2) 27 (4.3) 31 (6.8) 24 (5.5)

BR, breathing; Acu, acupuncture; HAD, Hospital Anxiety and Depression.
Standard deviations are in parentheses.

FIG. 2. Group A individual Hospital Anxiety and Depression
Scale anxiety scores pre and post each intervention.
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DISCUSSION

BR is a standard therapy for patients with HVS. This prac-
tice is supported by experimental findings on its effects in
hyperventilation and anxiety disorders.5,6,22–24 The role of
acupuncture for anxiety disorders has been previously stud-
ied and found to result in statistically significant improve-
ments in anxiety levels.24–28 The role of acupuncture specif-
ically for HVS has been less well studied, with only one
publication specifically in this area.9 This study was writ-
ten in Ukrainian, and the full text is not available in Eng-
lish translation. However, the abstract suggests that the pri-
mary outcome measures employed were physiologic, with
no mention of anxiety. The preliminary study presented here
suggests that acupuncture may have a beneficial effect on
anxiety levels in patients with HVS when compared to the
BR. There were statistically significant treatment effects

found in anxiety scores and symptom severity after acupunc-
ture treatment. There was also a reduction in anxiety scores
after BR, which did not reach statistical significance, but
this may have been because of the small sample size pro-
viding insufficient power.

Statistical analysis of the Nijmegen and HAD anxiety
scores revealed negative mean differences, indicating that
symptom scores tended to be lower after acupuncture. No
previous studies employing the Nijmegen score as an out-
come measure for acupuncture have been identified. Previ-
ous studies of BR for HVS have found statistically signifi-
cant improvements in Nijmegen scores.5,23 However, these
studies employed larger sample sizes and a longer inter-
vention period.

The mechanisms behind the perceived effects of acupunc-
ture and BR are still unclear. Nonspecific placebo effects
have been suggested for both28–31 because of considerable
patient–practitioner interaction. In this study, the same
amount of time was allocated for each treatment session dur-
ing both interventions. However, during BR the clinician
was guiding the participant throughout the session, whereas
during acupuncture the clinician left the participant unat-
tended for short periods during each session. The partici-
pants therefore received more attention during the BR. How-
ever, acupuncture involves the insertion of needles, which
may itself be a powerful placebo.31

In this study, we compared acupuncture to the standard
therapy for HVS (i.e., BR) and found some effect. Future
studies need to establish whether this effect is specific to
acupuncture by comparing it to an acupuncture placebo. This
study used a crossover design to provide greater statistical
power with a small patient sample. Although no carryover
effect was demonstrated statistically, the validity of the tests
for carryover has been questioned.21 When the individual
anxiety scores were plotted in graphic form (Figs. 2 and 3),
it was evident that there may have been some carryover ef-
fect that went undetected. This suggests that it is not ap-
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FIG. 3. Group B individual Hospital Anxiety and Depression
Scale anxiety scores pre and post each intervention.

FIG. 5. Group B individual Nijmegen scores pre and post each
intervention.

FIG. 4. Group A individual Nijmegen scores pre and post each
intervention.
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propriate to use a crossover design for acupuncture studies.
It remains uncertain whether any effects of acupuncture or
BR persist beyond the cessation of the therapy and whether
any apparent treatment difference detected could therefore
simply be caused by a carryover effect. Studies that have ex-
amined the long-term effects of BR have usually encouraged
patients to persist with the breathing techniques after the for-
mal training period has ceased.32 The effect of acupuncture
upon anxiety appeared to be immediate. It is not known
whether a longer intervention period would result in any
longer effect. The dose–response to acupuncture or BR re-
mains to be established, and further piloting is required. It ap-
pears that a two-arm prospective trial with a long-term fol-
low-up period would be ideal to examine these effects.

The limitations of a cross-over design include being only
of use when examining a chronic condition, and when there
are no long-term effects from the treatment being evaluated.
HVS fulfills the first criterion of chronicity. In studies ex-
amining acupuncture for other chronic conditions causing
breathlessness and anxiety, the effect of acupuncture was
considered to be transitory.33,34

Any long-term effects of BR are generally poorly re-
ported, and the two studies that have noted such effects22,35

involved continued use of BR. No studies have been iden-
tified that found any long-term effects of BR if participants
ceased to use these techniques. In this study, participants
were advised not to use their BR techniques during the sec-
ond treatment period.

Although no statistically significant carryover effects were
detected, there did appear to be a significant period effect for
some of the outcome variables including HAD anxiety and
Nijmegen scores. This could be because of variability in the
stability of the participants’ condition from the first treatment
period to the second. Alternatively, it could be argued that
participants’ initial enthusiasm meant that the first treatment
offered was more valued. Although the statistical analysis
was modified to adjust for the period effect, the significant
treatment effects observed should be considered with cau-
tion. HVS is a chronic condition, but patients will often vol-
unteer for clinical trials when their condition is more obvi-
ous or exacerbating. It may therefore have been better to have
a “run-in” period during which participants’ symptoms and
anxiety levels were monitored to ensure that their condition
was stable, prior to entering the trial. In view of the poten-
tial carryover effect, the recommended analysis on data from
period 1 only was carried out to assess for differences be-
tween the two treatment techniques.36 No statistically sig-
nificant differences were found between the outcomes of both
techniques. However, it is important to note that this analy-
sis meant that the sample size was halved, thereby substan-
tially reducing power. The two groups were not balanced for
severity of symptoms, age, or co-morbidities because the ini-
tial analysis was meant to be a within-subject comparison.
Baseline scores for both groups were compared statistically
using a Mann–Whitney test, and no statistically significant
differences were found between the groups.
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TABLE 3. DIFFERENCES BETWEEN HAD SCALE SCORES AND NIJMEGEN SCORES AFTER ACUPUNCTURE AND BREATHING RETRAINING

Carryover effect Mean 95% Confidence
Variable p value difference intervals p value

HAD Scale Anxiety 0.26
Treatment (A–B)a �0.6 �1.12 to 0.08 0.02
Period (1–2) 0.8 0.28 to 1.32 0.01

HAD Scale Depression 0.19
Treatment (A–B)a �1.1 �2.51 to 0.31 0.11
Period (1–2) 0.3 �1.11 to 1.71 0.64

Nijmegan 0.38
Treatment (A–B)a �3.9 �6.09 to �0.51 0.03
Period (1–2) 4.7 1.91 to 7.49 0.01

aAdjusted for period effect.
HAD, Hospital Anxiety and Depression.

TABLE 4. COMPARISON OF SCORES AFTER PERIOD 1 OF THE STUDY USING AN INDEPENDENT T TEST

95% Confidence
interval of difference

Variable Mean difference Lower Upper p value

HAD Scale Anxiety score �1.8 �2.9 6.5 0.40
HAD Scale Depression score �1.2 �3.0 5.4 0.54
Nijmegan score �1.0 �8.2 6.2 0.72

HAD, Hospital Anxiety and Depression.



The primary outcome in this study was anxiety as assessed
using the HAD scale. Although this is a commonly used val-
idated tool, there are issues surrounding the analysis of the
data generated. Different authors have treated HAD scale data
as being dichotomous, categoric, or continuous. However, be-
cause it was originally devised to detect the presence or ab-
sence of clinically significant anxiety, it may not be the ideal
tool for assessing response to interventions. Future studies
could include additional measures of anxiety, such as the State
Trait Anxiety Inventory.37

CONCLUSIONS

These results suggest that there may be a beneficial effect
of using acupuncture for the treatment of HVS, in terms of
reducing anxiety levels and hyperventilation symptoms. How-
ever, a crossover design may not be the most appropriate in
this patient group. A significant period effect was detected,
and there may well be some carryover effect after acupunc-
ture treatment that went undetected because of the small sam-
ple size. This preliminary study provides the basis for a larger,
sufficiently powered, and methodologically sound trial (i.e.,
a two-arm randomized controlled trial) investigating the ef-
fects of acupuncture in the treatment of HVS.
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