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Susceptibility to voice reactions during a histamine provocatioti test was
studied in 21 asthmatics and 21 healthy subjects. Speech satnples were
recorded before, atid 5 and 15 min after histamine inhalation, and the
samples were rated by six speech pathologists. Deterioration of voice quality
occurred in 2/12 asthtnatic men and in 3/9 asthtnatic women within 5 min
after histamine inhalation; no change was observed between 5 and 15 min.
Voice reactions were not related to the degree of bronchial obstruction; the
subjects with the most pronounced decrease in peak expiratory flow (PEF)
(60-61% in three subjects) did not develop voice reactions, and PEF did not
decrease in one subject with voice reactions. No voice reactions were
observed in the healthy subjects.
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Professional voice users with asthma or allergic
rhinitis often experience deterioration of voice
quality in association with other symptotiis. Non-
asthmatic phoniatric patients also suffer from
similar fluctuating voice problems together with
slight long-lasting cough (1). It has been suggested
that such voice disorders are due to lai-yngeal
hyperreactivity (1-3).

Histamine may induce dysphonia both in asth-
matic and nonasthmatic subjects (2), but the
frequency of voice changes during the routine
histamine provocation test is not known. In the
present study, asthmatic and healthy subjects were
compared with respect to their susceptibihty to
voice changes during histamine provocation. Tlie
voice samples were evaluated by six experienced
speech pathologists. Speaking volume, fundametital
frequency, and jitter, the common acoustic index
for laryngeal pathology, were also monitored to
evaluate their contribution to the evaluation of

Material and methods
Sitbjects

Forty-two subjects, nine asthmatic women aged
26-46 years (mean 34 years), 12 healthy women
aged 22-52 years (mean 31 years), 12 asthmatic

men aged 17-58 years (mean 34 years), and nine
healthy tiien aged 24-66 years (mean 38 years)
participated in the study. Tlie diagnosis of asthma
was based on the criteria of the American Tlioracic
Society. All asthmatics reported episodes of wheez-
ing and shortness of breath; asthmatic sytiiptotiis
were reported to be mild or occasional. Reversible
airway obstruction (increase in forced expiratory
volume in 1 s [FEV,] by 15% or more after inhala-
tion of a Pi-agonist drug), bronchial hyperreactivity
(fall in FEV, or peak expiratory flow [PEF] by
15% or more after inhalation of 16 or fewer
tidal breaths of an aerosol of 1.6% histamitie
diphosphate from a DeVilbis nebuhzer no. 40 with
an output of 0.2 tnl/min [4]), or increased diurnal
variability in PEF (morning dips repeatedly in
excess of 20%) was demonstrated in all asthtnatics.
Tlie asthmatic subjects were selected on the basis
of being adults under 60 years of age and not using
oral or inhaled corticosteroids. In some subjects,
symptotns had begun in childhood; in some sub-
jects, only a few months before the study (the
symptoms had lasted less than 1 year in five, less
than 5 years in seven, and more than 5 years in
nine subjects).

Nineteen of the 21 asthmatics were being treated
with inhaled sympathomimetics and two with
short-acting antihistamines. Tlie subjects stopped
the antihistamine tnedication 3 days before the
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experiment, and they used no inhalers during
the day of the experitnent. The healthy subjects
were recruited from clinical and university research
laboratories. Smoking was reported by one asth-
matic and three healthy subjects. No subject
reported respiratory viral infection during the past
6 weeks. None of the subjects reported symptoms
indicative of gastroesophageal reflux, which may
also induce hoarseness (5). Informed consent was
obtained from all subjects. The study was approved
by the ethics committee of the Department of
Pulmonary Diseases, Helsinki University Central
Hospital.

Histai me provocatton
Histamine (1.6% histamine diphosphate in buffered
saline) was given in increasing doses: one, four,
eight, or 16 inhalations during slow tidal breathing
with a DeVilbis nebulizer no. 40 (output 0.2 ml/min)
accorditig to the PEF response (4). PEF was meas-
ured with a Wright peak-flow meter after the
recording of the first speech sample before the
histatnine provocation test, and 90 s after each dose
of histamine. Tlie highest value of three similar
records was noted before the test and after the last
dose of histamine. When a significant decrease
of PEF took place (15% or more), its recovery
after the administration of a metered-dose inhaler
bronchodilator drug after the last speech sampling
was also monitored. All tests were performed
between 5 and 7 p.m.

Speech samples were recorded at the beginning
of the experiment, and 5 and 15 min after the last
dose of histamine. The subjects were asked to utter
the following word list /kaari, saari, kaari, saari,
kaari, saari, kaari/ (Finnish words meaning "bow"
and "island") at a comfortable volume and inspire
before each word. In this manner, the words were
spoken at a rather steady pitch and volume. Then
the subjects were asked to utter the sentence
/Saarinen nousee syomddn aamiaista ennen neljdd
aamulla/ ("Saarinen gets up to have breakfast
before four o'clock in the morning") three times.

Speech recording and signal sampling

Tlie speech samples were recorded with an AKG-
C568EB microphone and a Sony TCD-D3 DAT-
recorder. The lips-to-microphone distance was
20 cm. Tlie recorded samples were fed through the
audio port to an Iris Indigo workstation (Silicon
Graphics) and digitized at a 22.05-kHz samphng
frequency and 16-bit quantization. The weak signals
were amphfied so that the peak loudness of the
first long [a] of the tokens varied within 10 dB(A).
Tlie original volutne of the utterance was evaluated
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with simultaneous recording of a calibration signal
of 1 kHz.

Analysis ofFO and jitter

The fundatnental frequency {FO) was determined
by a combination of autocorrelation and cepstral
ana-lysis. Tlie maximum of the autocorrelation
function, computed from a 46-ms Hamming win-
dowed signal, was the first estimate for FO. After
median filtering of the consecutive FO estimates,
they were used to calculate the duration of three
FO periods, which was the window length used in
the computation of the cepstra. The cepstral
maxima differing 5% at the most from the first FO
estimates yielded the final FO values. Tlie frequency
perturbation quotient (FPQ) (6, 7) and mean FO
were calcu-lated with these values for the [aa]-
segments (of 100-220-ms duration). Tlie seven-
word satnples recorded in the three situations were
compared for significant differences in FO, jitter,
and peak volume (in dB(A) at the microphone
25 cm from the mouth).

Atiditory ratings

Tlie speech samples of the 42 subjects, which were
scattered among the samples of 67 other subjects
(23 men and 43 women) were evaluated in two
hstening experiments at a 1-week interval by six
experienced speech pathologists (8). Tlie listening
tapes were constructed from the digitized samples.

Tlie sentence ISaarinen nottsee syomddn aamiaista
ennen neljda aamullal was used to judge whether
the two samples of the same subject differed in
degree of pathology The sentences were compared
pairwise: a sentence recorded before histamine
inhalation was cotnpared with a sentence recorded
5 min after the inhalation, and a sentence recorded
5 tnin after histamine inhalation was compared
with a sentence recorded 15 min after the inhala-
tion. Tlie two sentences were heard without a pause
between them, and the different pairs were separ-
ated by 4 s. The samples of one subject were
presented in succession; two different sentences for
each of the three situations. The order of the
samples was random. Tlie speech pathologists
judged whether the two sentences were equal, or
which of them was worse. The hsteners also indi-
cated (by underhning) whether a difference was
due to roughness or breathiness. One listening test
included all pairs of one sex, and 10 pairs of the
other sex (repeated samples from five subjects).
Nine or more agreeing judgtnents (out of 12) were
regarded as indicative of change.

Word lists, for each subject two different tokens
of [kaari] and two tokens of [saari] repeated three
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times /kaari, kaari, kaari, saari, saari, saari, kaari,
kaari, kaari, saari, saari, saari/, were rated with
50-mm visual analog scales for the degree of
pathology, roughness, breathiness, strain, asthenia
(comtnonly used clinical tenns (9, 10), and pitch.
Tlie utterances of different subjects, including the
prehistamine sample and the sample 15 tnin after
histamine inhalation, were separated by a 6-s
pause. One listening test included all satnples of
the same sex, and 17 randomly selected samples of
the other sex. Tlie six-dimensional ratings were
used to categorize voices for the development of
acoustic feature extraction. Dimension pathology
and its main determinants, breathiness and rough-
ness, are described in the following.

Tlie judges' perfonnance was evaluated with the
samples of 110 subjects (8). Tliere was a significant
correlation between the repeated ratings of all
judges and of individual judges for each of the three
dimensions (Speartnan's correlation coefficient was
0.73 for pathology, 0.65 for roughness, and 0.70 for
breathiness; all differed from zero at /^< 0.001, chi-
square statistics). The concordance among the
judges was relatively high for all dimensions
both for the male and fetnale data (Kendall's
coefficients were, for pathology, 0.73/0.70; for
roughness, 0.65/0.67; and for breathiness, 0.70/0.60).
Spearman's partial correlation coefficients, calcu-
lated for different dimension pairs, showed that the
judges distinguished between the dimensions
roughness and breathiness (they did not correlate),
and breathiness was more often than roughness
regarded as an indicator of pathology

Results
Tlie ranges of baseline PEF values in the hista-
mine provocation test were 395-733 1/min (median
6151/min) in men and 305-570 l/tnin (median
4631/niin) in wotnen, corresponding to 65-118%
(median 96%) and to 69-116% (median 100%) of
the predicted values (11). PEF decreased signifi-
cantly (>15%) in seven asthmatic men and eight
women (Table 1).

Pairwise comparison of the sentences showed
that the voice quahty of five asthmatics, two
men and three women (indicated by boldface in
Table 1), deteriorated within 5 min after histamine
inhalation; no difference was observed between
5 and 15 min. All six judges characterized the
deteriorations as both increased roughness and
breathiness. In the rating of word lists, when the
pre- and posthistamine utterances of the same
subject were not presented in succession, the scores
for pathology, breathiness, and roughness increased
substantially for two subjects only Tlius, the deteri-
oration of voice quality, observed in sentence

cotnparisons, was probably severe in two subjects
and relatively tnild in the three other subjects. The
prehistatnine scores for pathology, roughness, and
breathiness show that most subjects had normal
voice quahty, and that there was no significant
difference between the scores of healthy subjects
and asthmatics (Matin-Whitney U test). Table 1
shows that the voice reactions were not related to
the degree of bronchial obstruction: the subjects
with the tnost pronounced decrease in PEF (tiian
a21, women alO and al5) did not develop voice
reactions, and PEF did not decrease significantly
in one subject with voice reaction (man a 14). Tliat
the voices of of two subjects with extremely low
PEF values (women aid and al5) received low
scores for pathology suggests that bronchial
obstruction interfering with speech breathing did
not disturb voice evaluation.

FO and speaking volume, measured for the [aaj-
segments in the word list, did not distinguish
between the healthy subjects and asthmatics, or
between normal (scores for pathology below 10)
and pathologic (scores over 10) voice qualities.
During the provocation test, small changes, usually
increases, in the speaking volume and FO occurred
in six men and eight wotnen (prehistamine values
with significant alterations are indicated by aster-
isks in Table 1). Tliese alterations were apparently
not related to perceived deterioration of voice
quahty or PEF.

Before histamine inhalation, the lowest values
for jitter were encountered for samples with low
scores for pathology, and the highest values were
encountered for satnples regarded as somewhat
pathologic (Table 1). Pre- and posthistamine jitter
values differed in the samples of two subjects only,
one of them without audible increase in dysphonia
(Table 1). No significant changes in jitter, not even
in the [aa]-segnients of the cotnpared sentences,
were encountered for four subjects with audible
voice reactions.

Discussion
Histamine provocation induced voice changes in
five of 21 asthmatics but in none of 21 healthy sub-
jects. Tliis meets the expectation that the suscepti-
bility to voice reactions is higher in asthtnatics than
in healthy subjects (who have not been treated
for voice problems). Tlie deterioration of voice
occurred within 5 min after histamine inhalation
and did not subside during the 15-min follow-up.
The degree of expiratory obstruction did not relate
to the susceptibihty to voice reactions, suggesting
that laryngeal and bronchial reactiotis may occur
independently of each other. This is in line with the
results of Bucca et al. (2) showing that laryngeal
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Table 1. Prehistamine PEF (percentage of predicted), posthistamine change in PEF, an

(out of 12) with observed increase in dysphonia; prehistamine scores (mean scores of

(Mann-Whitney U-test P<0.02) changed scores at 15 min after histamine inhalatio

perturbation quotient)), significant (Friedman test with Dunn test P<0.02) changes a

by "a" . In each subject index, number in parentheses gives maximum number of his

pathology (path), roughness (rough), and breathiness (breath), significantly

parentheses: prehistamine peak volume, fO, and jitter (FPQ [frequency

!d by asterisk). Subjec

isults ol ubjects w boldfac!

reactions (decreased maximal midinspiratory flow,
pharyngolaryngeal edema) may be induced by
histamine inhalation in some nonasthmatics with
long-lasting cough and mild dysphonia.

During the test, small increases and decreases in
the speaking volume and fundamental frequency
were encountered in many subjects but they were
unrelated to voice reactions or bronchial obstruc-
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tion. Increase in jitter was encountered in only one
of the five subjects with voice reactions. Tlie results
suggest that histamine inhalation does not affect
FO, and that voice changes induced by histamine
may occur without deterioration of the periodicity
of glottal vibration.

The design of provocation tests for the identifi-
cation of voice disorders has been prevented by the
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lack of objective acoustic measures of voice quality However, a wide survey of healthy subjects, voice
The reliability of perceptual ratings is relatively low patients, and asthmatics is needed to determine the
because of considerable intra- and interjudge vari- significance of histamine-induced voice reactions
ation (12). Tlie reliability may be improved by for the diagnosis of voice disorders.
using reference voice samples in the training of
judges and during the listening test (9, 12, 13). At
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