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Summary

The purpose of this study was to evaluate the effect of tobacco on the voice in a relatively early stage
of the cigarette-smoking habit (<10 years).

A multi-parameter acoustic analysis tool, the Multi-Dimensional Voice Program™ (MDVP), was
used to obtain a set of 27 parameters from sustained vowel phonations of 134 non-dysphonic young
adults (aged 20-29) of both genders, including smokers and non-smokers.

Some voice parameters were significantly altered in young smokers when compared with young
non-smokers, probably as a consequence of histological changes caused by tobacco. Main differ-
ences were observed in Frequency Perturbation parameters (jitter, sPPQ) for both genders, in
Fundamental Frequency parameters (Fo, Fhi, Flo) mainly in women, and in tremor parameters
(ATRI, FTRI) in men. The number of cigarettes smoked per day was related to the Fundamental
Frequency values in women and FTRI in men. A discriminant analysis correctly classified 70-75%
of the subjects in each gender group as smokers and non-smokers.

A combination of voice parameters seems to suggest a possible neurological effect of nicotine — or
some other chemical component of tobacco — on the voice.
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BACKGROUND

Evidence that smoking tobacco is harmful for health has
accumulated over the past several decades. Cigarette smok-
ing has been positively associated with some 40 causes of
morbidity and mortality in contemporary people [1-3].
The association between tobacco use and laryngeal pa-
thology is beyond all doubt. For example, laryngeal carci-
noma is a multifactorial disease, but smoking is the most
important factor associated with this type of cancer [4-6].
Other less important pathologies are also related to tobac-
co [7]. In a recent study of risk factors in a group of pa-
tients affected by Reinke’s edema [8], the authors found
that both daily cigarette consumption and the duration of
exposure to cigarette smoke were the main risk factors for
the presence of edema and for its recurrence. A relation-
ship between tobacco and laryngeal epithelial changes has
also been proved [9].

Although the voice problems caused by pathologies typically
associated with smoking are well known, research using ob-
jective parameters focused on the relation between tobacco
and the voice is very scarce [10,11]. Recently, Damborenea et
al. [12] carried out an observational study of acoustic voice
parameters in a sample of non-dysphonic adult smokers and
non-smokers. The results showed that some parameters dif-
fered between smokers and non-smokers. The fundamen-
tal frequency was lower in smokers, and average jitter and
shimmer were higher in smokers.

Damborenea’s study was based on a set of only five param-
eters (fundamental frequency, jitter, shimmer, harmon-
ics-to-noise ratio, and normalized noise energy). The sub-
jects were mature adult whose average age was 38 years,
and ranged in age up to 69 years. In the present study, we
put the following question: Does tobacco have any effect
on voice at a relatively early stage of the smoking habit?
To answer this question, a multidimensional analysis was
performed on voice samples of young adults between 20
and 29 years of age, using a wide set of voice acoustic pa-
rameters obtained by a computer-based system. This sys-
tem (MDVP™) was chosen because recent literature has
proved its robustness and reliability [13-14] and its value
as a tool in both research and clinical applications [15-21].
Furthermore, an increased effort has been made over the
last few years to obtain normative data for this analysis sys-
tem [13,22-26].

MATERIAL AND METHODS

The subjects were 134 young adult students of both sexes
at University Jaume I (Spain), of whom 53 were men (aged
20-29 years, mean=22.0 years, s.d.=2.2 years) and 81 were
women (aged 2027 years, mean=21.6 years, s.d.=1.5 years).
Of the males, 28 were non-smokers and 25 smokers (12 sub-
jects smoked 10 or less cigarettes per day, and 13 subjects
smoked more than 10 cigarettes per day). There were 40
female non-smokers and 41 smokers (23 subjects smoked
10 or less cigarettes per day, and 18 subjects smoked more
than 10 cigarettes per day). All these subjects participated
in this study voluntarily.

Voice samples were recorded with a Shure SM58 micro-
phone at a distance of about 15 cm from the mouth. The

voice parameters were extracted with the Multi-Dimensional
Voice Program™ (MDVP) model 4305 from Kay Elemetrics
Corporation [27], implemented in a Computerized Speech
Lab (CSL model 4300B, Kay Elemetrics Corp, Pine Brook,
New Jersey, USA).

In compliance with the MDVP operations manual, the speak-
ers were asked to produce a sustained phonation of the vow-
el /a/ for 3 seconds at a comfortable pitch and loudness.
The subjects were instructed to maintain as steady a pho-
nation as possible. MDVP software can only work with two
sample frequencies: 25 or 50 kHz. In this experiment, all
voice samples were recorded at 50 kHz and directly stored in
the host computer. The samples were recorded in a sound-
proof room at the University Laboratories.

All voice samples were analyzed with the MDVP software
and the following parameters were obtained:

1. Fundamental frequency parameters: Average Fundamental
Frequency (I0), i.e. the average value of all extracted pe-
riod-to-period fundamental frequency values; Highest
Fundamental Frequency (Fhi), i.e. the greatest of all extract-
ed period-to-period fundamental frequency values; Lowest
Fundamental Frequency (Flo), i.e. the lowest of all extracted
values; Standard Deviation of Fo (STD), i.e. the SD of all ex-
tracted values; and Phonatory Fo-Range in semi-tones (PFR)
for all extracted pitch periods. Voice break areas were ex-
cluded in identifying all frequency parameters.

2. Frequency perturbation parameters: Absolute [itter
(fita) /ps/gives an evaluation in microseconds (ps) of
the period-to-period variability of the pitch period with-
in the analyzed voice sample. This measure is widely used
in voice research [28] and is very sensitive to pitch varia-
tions occurring between consecutive pitch periods. fitter
Percent (fitt) /%/: the relative period-to-period variabili-
ty of the pitch period. Relative Average Perturbation (RAP)
/ %/ Introduced by Koike [29] this parameter gives the
relative evaluation of the period-to-period variability of
the pitch with a smoothing factor of 3 periods. Pitch
Perturbation Quotient (PPQ) /%/: Introduced by Koike,
Takahashi, and Calcatera [30], this gives the variability
of the pitch period at a smoothing factor of 5 periods.
Smoothed Pitch Perturbation Quotient (sPPQ) / %/ An eval-
uation of the long term variability of the pitch period
within the analyzed voice sample, with a smoothing fac-
tor of 55 periods. RAP, PPQ and sPPQ) have been exten-
sively used in the last decade, since they are less sensitive
to pitch extraction errors due to smoothing in their cal-
culation. Fundamental Frequency Variation (vFo) /%/: The
relative standard deviation of the fundamental frequen-
cy. It reflects the very long term variation of Fo within the
analyzed voice sample. Any variations in the fundamen-
tal frequency are reflected in vFo, and this parameter in-
creases regardless of the type of pitch variation, whether
it be of the random or regular fluctuating type.

3. Amplitude perturbation parameters: Shimmer in dB
(ShdB) /dB/: Evaluation in dB of the period-to-period
variability of the peak-to-peak amplitude within the ana-
lyzed voice sample. As in other parameters, voice break
areas are excluded. As occurs with jitter, this parameter
has been widely used in voice research. Shimmer Percent
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(Shim) / %/ Relative evaluation of the period-to-peri-
od variability of the peak-to-peak amplitude. Amplitude
Perturbation Quotient (APQ) /%/: Introduced by Koike
etal. [29], this gives a relative evaluation of the variabil-
ity of the peak-to-peak amplitude at a smoothing of 11
periods. The smoothing reduces the sensitivity of APQ
to pitch extraction errors. Smoothed Amplitude Perturbation
Quotient (SAPQ) /%/: Evaluation of the long-term peri-
od-to-period variability of the peak-to-peak amplitude at
asmoothing of 55 periods. Peak-Amplitude Variation (vAm)
/ %/ This gives the relative standard deviation of peri-
od-to-period calculated peak-to-peak amplitude, reflect-
ing the very long term amplitude variations within the
analyzed voice sample.

4. Noise parameters: Noise to Harmonic Ratio (NHR): A gen-
eral evaluation of noise presence in the analyzed signal
(such as amplitude and frequency variations, turbulence
noise, subharmonic components or voice breaks). This is
the ratio of non-harmonic energy in the range 1500-4500
Hz to the harmonic spectral energy in the range 70-4500
Hz. Voice Turbulence Index (VTI): Ratio of the non-harmon-
ic energy in the range 2800-5800 Hz to the harmonic
spectral energy in the range 70-4500 Hz. This parame-
ter measures the relative energy level of high frequen-
cy noise, a new attempt to compute “breathiness” in the
voice signal. Soft Phonation Index (SPI): Ratio of the har-
monic energy in the range 70-1600 Hz to the harmonic
energy in the range 1600-4500 Hz. This is very sensitive
to the vowel formant structure. This parameter is not ac-
tually a measurement of noise, but its formula is similar
to the above two parameters and is therefore, as in the
MDVP manual, listed in the same category.

5. Tremor parameters: Fo-Tremor Frequency (Fftr) /Hz/: This
shows the frequency of the most intensive low frequency
Fo-modulating component in the tremor range. Amplitude
Tremor Frequency (Fatr) /Hz/: This shows the frequency of
the most intensive low frequency amplitude-modulating
component in the tremor range. Frequency Tremor Intensily
Index (FTRI) / %/ Ratio of the frequency magnitude of
the most intensive low-frequency modulating component
(Fo- tremor) to the total frequency magnitude of the an-
alyzed signal. Amplitude Tremor Intensity Index (ATRI) / %/
Ratio of the amplitude of the most intensive low-frequen-
cy amplitude modulating component (amplitude tremor)
to the total amplitude of the analyzed signal.

6. Parameters of Subharmonic components: Number of
Subharmonic Segments (NSH): Number of subharmonic
segments found during analysis. Degree of Subharmonics
(DSH) /%/: Relative evaluation of subharmonic to Fo
components in the analyzed sample.

7. Parameters of Voice irregularities: Number of Unvoiced
Segments (NUV): Number of unvoiced segments detected
during the analysis. Degree of Voiceless (DUV) / %/ Relative
evaluation of non-harmonic areas in the voice sample.

RESULTS

Table 1 shows the means and standard deviations of the
voice parameters obtained with MDVP from smoking and
non-smoking subjects, separated by gender. Comparisons

between smokers and non-smokers were made using the t-
test (one-tailed), and the marginal 0.10 level was also ex-
amined. In general, the fundamental frequency parameters
were clearly affected by smoking, especially in women. The
mean fundamental frequency (Fo) of smokers was lower than
in non-smokers. This difference reached a value of marginal
significance of only p<0.10 in men (125.4 Hz for non-smok-
ers vs. 119.4 Hz for smokers), but in women the difference
(206.4 Hz for non-smokers vs. 192.4 Hz for smokers) was
significant at p<0.01. The parameters Highest Fundamental
Frequency (Fhi) and Lowest Fundamental Frequency (Flo) also
showed lower values in smokers, and more so among wom-
en. Conversely, the variability of the fundamental frequen-
cy of voice — Standard Deviation of Fo (STD) and Phonatory
Fo-Range in semi-tones (PFR) for all extracted pitch periods
- seemed higher for smokers, but only approached signifi-
cance at the level of 0.10 in men.

Frequency perturbation parameters, mainly jitterand Smoothed
Pitch Perturbation Quotient (sPPQ), were affected in the voices
of young smokers (Figure 1). Jitter was higher in smokers,
especially in men (47.67 ps for non-smokers vs. 62.78 ps for
smokers, p<0.05). The values of the sPPQ parameter were
significantly higher in smoker subjects, both in men (0.61%
in non-smokers vs. 0.74% in smokers, p<0.05) and in women
(0.69% in non-smokers vs. 0.85% in smokers, p<0.05). The
parameter Fundamental Frequency Variation (vFo), or the rel-
ative standard deviation of the fundamental frequency, was
also higher in smokers, but it only reached significance for the
men (1% in non-smokers vs. 1.25% in smokers, p<0.05).

The Amplitude perturbation parameters, however, do not
seem to be affected by tobacco in an early stage of the smok-
ing habit. Broadly speaking, the values were not significant-
ly different for smokers and non-smokers, with the excep-
tion of the Smoothed Amplitude Perturbation Quotient (sAPQ),
which reached a level of marginal significance of 0.10 in
men. None of the noise parameters (NHR, VTI, SPI), sub-
harmonic components (DSH, NSH) or voice irregularities
(DUV, NUV) seemed to be affected by early action of to-
bacco consumption. Nevertheless, the tremor parameters
FTRI (Frequency Tremor Intensity Index) and ATRI (Amplitude
Tremor Intensity Index) seemed to be significantly modified
by tobacco only in men (FTRI: 0.34% in non-smokers vs.
0.45% in smokers, p<0.05; ATRI: 3.15% in non-smokers vs.
4.54% in smokers, p<0.05).

In order to study the extent to which the voice parameters
of young smokers differed from those of young non-smok-
ers, a linear Discriminant Analysis was conducted across
subjects within each gender; this analysis made use of voice
parameters as discriminant variables. The greater the dif-
ference in the voice parameters between smokers and non-
smokers, the greater the efficiency of the parameters as pre-
diction variables in the classification of each voice sample.
The results of this analysis are shown in Table 2. It can be
seen that the percentage of correct classification between
smokers and non-smokers was 73.6% in men (Wilk’s lamb-
da 0.82, p<0.05), and 70.4% (Wilk’s lambda 0.94, p<0.05)
in women. When considering the variables that had a great-
er influence on the discriminant function, —i.e. the highest
correlations, in absolute values, between MDVP parameters
and discrimination function — we can see the emergence of
the parameters concerned with the measurement of tremor
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Table 1. Means and standard deviations (in parentheses) of the voice parameters obtained in MDVP from Smoker and Non-Smoker subjects.

@ Non-Smokers ~ Smokers Total Non-Smoker Males Smoker Males Non-Smoker ~ Smoker Females
Total (n=68) (n=66) (n=28) (n=25) Females (n=40) (n=41)
Fundamental Frequency parameters:

Fo (Hz) 1730 (455 1647 (40.1) 1254 (139) 1194 (13.9)+ 2064 (25.5) 1924  (20.7)**
Fhi (Hz) 1839 (51.7) 1746  (446) 1296 (148) 1251 (167) 2219 (289) 2048 (24.7)**
Flo (Hz) 1626  (41.6) 1532 (39.2) 1207 (133) 1134 (133 1919 (265 1791  (26.7)*
STD (Hz) 210 (1.19) 314 (8.21) 1.26  (0.30) 149 (0.76)+ 269 (1.22) 414 (10.32)

PFR (semit.) 3.04  (1.66) 318 (2.68) 232 (0.86) 276 (139)9+ 355 (1.89) 344 (3.22)
Frequency Perturbation parameters:
Jita (us) 46.45 (24.80)  58.02 (38.16)* 47.67 (18.39) 6278 (41.22)* 4560 (28.74) 5511 (36.39)+
Jitt (%) 0.78 (0.45) 093 (0.61)+ 0.60 (0.24) 0.74  (0.50)+ 091 (0.52) 1.04  (0.65)
RAP (%) 0.47 (0.29) 0.55 (0.38)+ 035 (0.15) 043 (0.31) 0.55 (0.33) 0.62  (0.40)
PPQ (%) 0.46 (0.26) 0.54 (0.36)+ 035 (0.14) 044 (0.29+  0.54 (0.30) 0.60 (0.39)
sPPQ (%) 0.66 (0.23) 0.81 (0.45**  0.61 (0.12) 0.74  (0.29)* 0.69 (0.28) 0.85 (0.53)*
vFo (%) 1.18  (0.51) 1.87 (4.71) 1.00 (0.19) 125 (0.57)* 131 (0.62) 225 (5.95)
Amplitude Perturbation parameters:
ShdB (dB) 034  (0.15) 034  (0.14) 033  (0.13) 031  (0.13) 035  (0.15) 036  (0.14)
Shim (%) 3.88  (1.60) 391 (1.54) 3.83  (1.54) 3.61  (1.56) 392 (1.66) 405  (1.52)
APQ (%) 293 (1.07) 3.00  (1.08) 298  (1.06) 3.01  (1.20) 289 (1.10) 3.00  (1.02)
sAPQ (%) 493 (1.8 530  (1.70) 462 (141 522 (192+ 515 (2.10) 534 (1.57)
vAm (%) 1423 (713) 1472 (6.76)  11.05  (5.08) 13.05 (6.63) 1646  (7.56) 1574  (6.72)
Noise parameters:
NHR 013 (0.02) 0.13  (0.02) 0.14  (0.02) 0.14  (0.01) 012 (0.02) 013 (0.03)
VI 0.05  (0.01) 0.05  (0.02) 0.05  (0.01) 0.06  (0.02) 0.05  (0.01) 0.05  (0.01)
SPI 848  (4.78) 8.77 (442 9.05 (3.33) 878 (347 8.07  (5.58) 8.76  (4.95)
Tremor parameters:
Fftr (Hz) 288 (2.72) 299 (2.93) 272 (2.81) 286 (2.80) 299 (2.67) 3.07  (3.04)
Fatr (Hz) 258 (1.43) 275 (1.64) 254 (1.82) 271 (1.79) 260 (1.11) 278 (1.55)
FTRI (%) 038  (0.18) 058 (1.22+ 034  (0.15) 045 (0.22* 040 (0.19) 0.65  (1.53)
ATRI (%) 438  (2.58) 483 (259 315 (1.17) 454 (3.08)* 521  (293) 500  (2.26)
Parameters of Subharmonic components:
DSH (%) 0.64  (3.10) 071 (282 011 (0.42) 0.04  (0.21) 1.02  (4.07) 112 (3.53)
NSH 059  (2.97) 0.68 (2.72) 011 (0.42) 0.04  (0.20) 093  (3.89) 1.07  (3.40)
Parameters of Voice irregularities:
DUV (%) 0.51  (3.01) 0.06  (0.30) 1.02  (4.62) 0.08  (0.29) 0.16  (0.69) 0.05 (0.32)
NUV 0.50  (2.95) 0.06  (0.30) 1.00  (4.53) 008  (0.28) 0.15  (0.66) 0.05 (0.31)

(3) Parameter abbreviations are explained in the text;

+ mean difference between Smokers and Non-Smokers at a significance value p<0.10 (t-test, one tail);
* mean difference between Smokers and Non-Smokers at a significance value p<0.05 (t-test, one tail);
** mean difference between Smokers and Non-Smokers at a significance value p<0.01 (t-test, one tail).
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Figure 1. Mean values significantly different between smokers vs.
non-smokers for Jitter (pis, or microseconds) parameter.
Data separated by gender. Errors bars indicate 1 standard
error of the mean.

Table 2. Discriminant analysis within gender between voices
of Smokers and Non-Smokers utilizing MDVP parameters
as discriminating variables. The six highest correlations
(in absolute values) between variables and discrimination
function are presented. The last row shows the percentage
of correct classification of voices.

@ Men (n=53) Women (n=81)
ATRI  (0.430) Fhi  (-0.480
sPPQ  (0.378) Fo (-0.427

Correlations variablesvs ~ vFo
discrimination function  Jita

( )
( )
(0.357) sPPQ (0.336)
(0.335) Flo  (-0.286)
( )
( )

Flo 0.331) PFR (-0.257
FTRI  (0.323) Jita  (0.241
Correct classification 73.6% 70.4%

@ Parameter abbreviations are explained in the text

(only in men), fundamental frequency (mainly in women),
and frequency perturbation (both genders).

To study the effect that the number of cigarettes smoked
per day has on voice, smokers of each gender were sepa-
rated into two groups: subjects that smoked 10 or less cig-
arettes per day, and subjects that smoked more than 10
cigarettes per day. Statistical tests revealed significant dif-
ferences in fundamental frequency parameters for women
smokers (Figure 2). Mean Fundamental Frequency (Fo)
was 199.5 Hz for women who smoked 10 or less cigarettes
per day (S10W), whereas it was 183.2 Hz for women who
smoked more than 10 cigarettes per day (>10W), the dif-
ference being significant [#(39)=2.68; p<0.01]. A one-way
between-subject analysis of variance (ANOVA), including
the group of women non-smokers (0 cigarettes per day),
revealed a main effect for the number of cigarettes smoked
per day [F(2,78)=6.51, p<0.01]. Furthermore, Fhi and Flo
parameters were significantly different for <J0Wand >10W

00 -
200 F Women D\\
180 | A\\
160 —— Fhi

—O—Fo

—A— Flo
140 [
120 F D\u—u

Men
100 1 1 1 ]
0 <10 >10
Cigarettes per day

Figure 2. Mean values (Hz) of Fhi (Highest Fundamental Frequency),
Fo (Average Fundamental Frequency), and Flo (Lowest
Fundamental Frequency) as a function of the number of
cigarettes smoked per day. Data separated by gender. (<10):
subjects who smoked 10 or less cigarettes per day. (>10):
subjects who smoked more than 10 cigarettes per day.

[Fhi: 211.9 Hz vs. 195.9 Hz, #(39)=2.15, p<0.05; Flo: 188.6
Hz vs. 166.9 Hz, 1(39)=2.79, p<0.01]. The ANOVA showed
a main effect for the number of cigarettes smoked per
day for Fhi [F(2,78)=6.10, p<0.01] and Flo [F(2,78)=6.12,
p<0.01] parameters.

For men, fundamental frequency parameters were not af-
fected by the number of cigarettes smoked per day. Fo, Fhi,
and Flo values (Figure 2) were not significantly different
for men who smoked 10 or less cigarettes per day (<<10M)
than for men who smoked more than 10 cigarettes per day
(>10M). The only voice parameter that showed a (margin-
ally) significant difference in men according to the number
of cigarettes was the tremor parameter FTRI (Figure 3).
FTRI was 0.36% for <10Mand 0.53% for >10M [#(22)=-1.85;
p=0.07]; when the group of male non-smokers was includ-
ed, an ANOVA showed a main effect for the number of cig-
arettes smoked per day [F(2,49)=4.75, p<0.05].

DiscussIioN

The purpose of the present study was to determine whether
tobacco consumption had any effect on voice at a relatively
early stage of the smoking habit and, if so, to quantify this ef-
fect by means of objective measures provided by voice param-
eters. All the subjects studied were young adults of both sex-
es between 20 and 29 years of age (86% of the subjects were
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Figure 3. Mean values of Frequency Tremor Intensity Index (FTRI) (%)
for men as a function of the number of cigarettes smoked
per day. Errors bars indicate 1 standard error of the mean.

20-23 years old), and most of them had a smoking history
shorter than one decade. At the same time, our interest was
centered on using a very wide set of parameters classified in
different voice dimensions, all of which had been extracted
from a single vocalization. The advantage of a multiple pa-
rameter extraction is that different parameters are impor-
tant for the analysis of different pathologies; if tobacco has
produced some quantifiable early effect on the voice, the
more comprehensive the parameter set used, the more like-
ly itis to be detected. The multi-parameter system selected
was the Multi-Dimesional Voice Program, or MDVP™, pro-
duced by Kay Elemetrics, because it is increasingly used in
both research and clinical applications, and at the present
moment it is a promising assessment tool. As stated by Kent
etal. in a very recent study [19], “because MDVP holds the
promise of standardized and rapid assessment of voice, it is
of particular interest as a potential tool for the characteri-
zation of a voice disorder” (p.283).

Our results show that tobacco has an effect on some voice
parameters in a relatively early stage of the smoking habit.
Itis clear that the Fundamental Frequency Parameters were
affected by smoking, especially in women. The fundamen-
tal frequency (Fo) of voice from young women smokers was
on average 14 Hz lower than in young women non-smokers
—significant at the level of p<0.01. Moreover, the parameters
Highest Fundamental Frequency (Fhi) and Lowest Fundamental

Frequency (Flo) showed significantly lower values in female
smokers (on average 17 and 13 Hz, respectively). In addition,
the number of cigarettes smoked per day had a clear effect
on the fundamental frequency parameters of women’s voices.
Females who smoked more than 10 cigarettes per day showed
amean Fo 16 Hz lower than females who smoked 10 or less
cigarettes per day. Also, Fhi and Flo parameters were signifi-
cantly different between the two groups of women smokers.
On the other hand, tobacco had a less clear effect on funda-
mental frequency parameters in young men. The Fo of voice
from young male smokers was on average 6 Hz lower than in
young male non-smokers, but this difference only reached
marginal significance (p<0.10). The difference was clearer
in the Lowest Fundamental Frequency (Flo) parameter, which
dropped to 113.4 Hz for smokers, in contrast to 129.7 Hz for
non-smokers —significant at the level of p<0.05. However, the
number of cigarettes smoked daily by young men seems to
have no effect on fundamental frequency parameters. Fo,
Fhi, and Flo parameters were not significantly different for
men who smoked more than 10 cigarettes per day versus men
who smoked 10 or less cigarettes per day.

Previous literature has demonstrated the effects of long-term
cigarette smoking on laryngeal health and the fundamental
frequency values. Sorensen and Horii [10] found a significant
difference between the Fo of male smokers (lower Fo) and
male non-smokers in oral reading and spontaneous speech
tasks. Differences between the Fo values of female smokers
and non-smokers were not significant, but the same trend was
evident. Results of the Fo analysis of sustained vowel phona-
tions were not significant, but showed the same trend, that
is, smokers had lower fundamental frequency values than
non-smokers. Recently, Damborenea et al. [12] have found
that Fo of the sustained vowel /a/ was lower for smokers
than non-smokers (115 vs. 129 Hz for males, and 185 vs. 201
for females). Most of these subjects, who were mature adults
with an average age of 38 years and ages that ranged up to
69 years old, had a long-term smoking habit.

It is believed that the reduction of the mean fundamen-
tal frequency of voice associated with smoking is a result of
edema of the vocal folds caused by tobacco. In particular,
Reinke’s edema has been associated typically with smok-
ing [8,31,32] and sometimes with vocal abuse and gastro-
esophageal reflux. Reinke’s edema is an accumulation of
fluid underneath the lining of the vocal fold —i.e. Reinke’s
space, or lamina propria — that generally causes extensive
swelling and enlargement of the vocal folds. Individuals
with Reinke’s edema tend to have low-pitched voices (low
Fo) and this is especially obvious in the female voice, which
is typically higher in pitch. The low pitch results from the
increased mass and size, which causes the vocal folds to vi-
brate at a lower frequency. Curiously, the pitch-lowering ef-
fect of cigarette smoking may be partly reversed after as few
as 40 hours of smoking cessation, as Murphy and Doyle [11]
demonstrated in a study with two subjects. These authors in-
vestigated Fo changes during smoking and no-smoking pe-
riods. Voice analyses were performed before, during, and af-
ter a 40-hour period of no-smoking, and the results showed
arise in Fo during the no-smoking period.

A long history of vocal-fold inflammation by tobacco and
other factors is frequently made evident by a very low-
pitched voice. Some female voices display such low pitches
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that women are driven to seek medical attention or surgi-
cal management more often than men [33]. According to
our data, even a smoking habit of relatively short duration
— less than a decade — seems to be enough to cause some
degree of edema and, consequently, to reduce the vibra-
tion frequency of the vocal cords. This is particularly ob-
vious in young women, in whom the reduction in hertz is
similar to the reduction displayed by women with a longer
history of smoking.

Scientific literature suggests a very clear relationship be-
tween changes of vocal cord epithelia and the quantity of
tobacco consumed over a lifetime [34]. There is a signif-
icant difference in the thickness of the epithelium of the
supraglottic region and vocal cords of smoking and drink-
ing patients, when compared with the same tissues of non-
smokers and non-drinkers [9]. Furthermore, there is a sig-
nificant difference in these tissues in heavy smokers, when
compared with light smokers. The histological damage
caused by tobacco may be acoustically evidenced by means
of several voice parameters. The most obvious is the afore-
mentioned lowering of the main fundamental frequency
parameters, but the histological changes could alter oth-
er parameters. Zeitels et al. [33] found that patients with
Reinke’s edema (not necessarily caused by tobacco con-
sumption) had lower Fo, and higher percentages of jitter
and shimmer than normal subjects. Surgical reduction of
the volume of the superficial lamina propia resulted in a
significant elevation in Fo and improvement in perturba-
tion measures. Damborenea et al. [12] studied five voice
parameters in a sample of non-dysphonic mature adult sub-
jects, including smokers and non-smokers. Acoustic analysis
was performed with the Dr Speech Science.3.0 software on
a sustained vowel /a/ recorded from each subject. The au-
thors found that three parameters differed between smok-
ers and non-smokers: the mean Fo was lower, and jitter (%)
and shimmer (%) were higher in smokers than in non-smok-
ers. The other two parameters, HNR (Harmonic-to-Noise
Ratio), and Normalized Noise Energy (NNE) did not dif-
fer significantly. It is probable that the histological changes
caused by tobacco smoke, particularly the more or less pro-
nounced swelling and mass increase of the vocal folds caused
by the edema, may have consequences on the regularity of
vibration, thus increasing the Frequency-Perturbation and
Amplitude-Perturbation measurements.

A relative short history of smoking — less than a decade
- seems to be enough to significantly increase the period-
to-period variability of the pitch period, but not the peri-
od-to-period variability of the peak-to-peak amplitude. Our
data show that some Frequency Perturbation Parameters are
affected in the voice of young smokers, i.e. jitter, vFo and,
mainly, the Smoothed Pitch Perturbation Quotient (sPPQ). The
sPPQ parameter gives an evaluation of the long-term var-
iability of the pitch period, with a smoothing factor of 55
periods. A smoothing factor allows a parameter to be less
sensitive to the short-term, usually random, variations oc-
curring between consecutive pitch periods, and to be sensi-
tive mostly to medium or long-term variations (depending
on the factor). Our sPPQ) values are significantly higher in
smokers than in non-smokers (0.81% vs. 0.66%; p<0.01),
both in men (0.74% vs. 0.61%; p<0.05) and women (0.85%
vs. 0.69%; p<0.05), although without exceeding the thresh-
old of normality (1.02%), according to the MDVP Manual).

Relatively few studies have been conducted on the sPP(Q) pa-
rameter, but it seems that it is more sensitive than others to
the effect of smoking on voice. The smoothing factor can
be defined by the user (we used the default value, 55 peri-
ods). With a smoothing factor of 1 period, sPPQ is identical
to Jitter Percent (Jitt). With a smoothing factor of 3, sPPQ)
is identical to the Relative Average Perturbation (RAP).
With a smoothing factor of 5, sPPQ) is identical to the Pitch
Perturbation Quotient (PPQ). According to the information
supplied in the MDVP Manual, at high smoothing factors (55
periods or more) sPPQ correlates with the intensity of the
long-term pitch period variations. Studies of patients with
Spasmodic Dysphonia [35] show that sPPQ with a smooth-
ing factor set in the 45-65 period range has increased val-
ues when there are regular long-term pitch variations (fre-
quency voice tremors). Finally, the parameter Fundamental
Frequency Variation (vFo) is also higher in smoker subjects,
but it only reaches significance for males.

The Amplitude perturbation parameters do not seem to be af-
fected by tobacco, with the exception of the Smoothed Amplitude
Perturbation Quotient (sSAPQ, with a smoothing factor of 55
periods), which reaches a level of marginal significance for
men. Neither does any parameter of noise (NHR, VTI, SPI),
subharmonic components (DSH, NSH) or voice irregulari-
ties (DUV, NUV) seem to be affected by the early effect of to-
bacco consumption. However, the tremor parameters FTRI
(Frequency Tremor Intensity Index) and ATRI (Amplitude Tremor
Intensity Index) seem to be significantly increased by smoking
in young men. In fact, ATRI and FTRI are included among
the six variables with the highest correlations with the discri-
minant function between the voices of male smokers vs. male
non-smokers. FTRI is the ratio of the frequency magnitude
of the most intensive low-frequency modulating component
(Fo tremor) to the total frequency magnitude of the analyzed
signal. ATRI is the ratio of the amplitude of the most inten-
sive low-frequency amplitude modulating component (am-
plitude tremor) to the total amplitude of the analyzed signal.
The algorithm for tremor analysis determines the strongest
periodic frequency and amplitude modulation of the voice.
Tremor has both frequency and amplitude components; the
relative intensity of both components is given by FTRI and
ATRI, respectively. According to the MDVP Manual, the in-
tensity and the regularity of the frequency tremors can be as-
sessed by means of the tremor parameters and by using sPPQ
(55 periods) in combination with vFo. If both sPPQ and vFo
are high, there is a long-term periodic pitch variation, most
likely a frequency tremor. Pathological values of these pa-
rameters are found in neurological voice disorders, such as
Spasmodic Dysphonia [35]. Our young subjects have normal
values in these parameters, but some differences emerge be-
tween smokers and non-smokers, especially in men. The fact
that both tremor parameters (ATRI and FTRI) showed high-
er values for male smokers, along with the fact that the sPPQ,
vFo and sAPQ) are also higher (the latter only marginally) for
smokers, suggests a possible neurological effect of nicotine
or another chemical component of tobacco. Nevertheless,
without concurrent physiological data, this hypothesis must
be considered only tentative and these data should be inter-
preted with caution, since the tremor parameters have the
lowest reliability of all MDVP parameters [13].

An additional question is why tremor parameters are signif-
icantly different only in men. Would a hypothetical neuro-
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logical effect of nicotine — or other components of tobacco
- be evident only in men? FTRI and ATRI have significant-
ly higher values in male smokers compared with male non-
smokers (FTRI: 0.45 vs. 0.34%; ATRI: 4.54 vs. 3.15%), but
in both cases they can be considered to be normal (for a
summary of normative data see [19]). Female smokers do
not have significantly higher FTRI/ATRI values than female
non-smokers, but in both groups values are higher than in
men (and more variable). Variability and a ceiling effect
could be responsible for obscuring some differences in the
tremor parameters within the female group.

A general picture is given by the results of the Discriminant
Analysis performed within each gender group using the
MDVP parameters as predictors. The percentage of cor-
rect classification between voices of smokers vs. non-smok-
ers is in the 70-75% range for both genders. Considering
the MDVP parameters that are better predictors of the dis-
criminant function, we can observe that the frequency per-
turbation parameters are good predictors in both genders;
fundamental frequency parameters are good predictors in
young women, and tremor parameters are good predictors
in young men.

CONCLUSIONS

In summary, our results show that a short duration of the smok-
ing habit —less than a decade — has a clear effect on some voice
parameters. Fundamental Frequency Parameters (Fo, Fhi, Flo)
were lowered by smoking, mainly in women. The number of
cigarettes smoked per day displayed a linear effect on these
parameters in the female group. Frequency Perturbation
Parameters (jitter, vFo, SPPQ) were significantly higher for
the smoker participants. Specifically, sPPQ (smoothed Pitch
Perturbation Quotient, with a smoothing factor of 55 periods)
seems to be more sensitive than others to the effect of smoking
on voice. Finally, vocal Tremor Parameters (FTRI, ATRI) seem
to be significantly increased by smoking in young men.
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