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aBstraCt

It is established in the literature that smoking has an impact on voice characteristics especially on fundamen-

tal frequency (F0). Smoking effect has been studied in general and in student populations by sex or profession. 

The purpose of this study was to examine the voice acoustic characteristics of smoking students in Greece. Par-

ticularly, this study focused on early effects of smoking (<10 years) on voice parameters. In total two hundred 

and ten (210) non-dysphonic female students (aged 18–34) from different departments were recruited. One 

hundred of these students were nonsmokers and one hundred and ten were smokers. Participants complet-

ed two questionnaires and their voices were recorded. Acoustic analysis of voice characteristic was performed 

with the Dr. Speech Software system. The results of the study showed statistical significance between smoking 

and habitual F0 for students who smoke. For speech language therapy students that smoke, there was a statis-

tically significant relationship between smoking and mean F0. In addition, smoker subgroups were observed
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to have significantly lowered acoustic voice parameters in comparison with non-smoker subgroups. The impact of 

years of smoking and total daily cigarette consumption are also discussed according to current trends.

Key Words: Dr. Speech, Female, Smoking, Speech language therapy students, Voice characteristics

 introDuCtion

The World Health Organization (WHO) (2016), reports that tobacco use is a preventable cause of mortality and 

disease. Europe – among all the WHO regions – has the highest occurrence of smoking among adults (28%). Nine-

teen percent of Europe’s smoking adults are females and it is estimated that the prevalence level in 2025 among 

women will decline to 16%. Unfortunately, Greece has the highest standardized percentage of tobacco smoking with 

42.4%, while the global average is 22.7% and Europe’s average is 27.3% (WHO, 2016). For women in Greece it was 

reported that cigarette smoking in 2012 exceeded 30% [1].

An association between smoking and laryngeal pathologies is beyond doubt [2-4]. Smoking is considered as a risk 

factor in vocal polyps [5] and Reinke edema [6]. Tobacco use is also considered a risk factor for benign vocal fold 

carcinomas [7-9] and laryngeal lesions [10]. Cigarettes contain carcinogenic substances and in association with 

similar activities (e.g. excessive alcohol consumption) are considered a risk factor for up to 10% of adult’s deaths 

[11]. Chronic use of cigarettes often leads to laryngeal problems, such as chronic inflammation, erythema, or ir-

ritation of laryngeal mucosa [12-14]. Also, people exposed to secondary smoke (non-smokers) can cause harmful 

effects on laryngeal mucosa [15-17].

Changes in the larynx’s structures and epithelium result in deviations of voice characteristics. Those voice 

changes are often the first symptom and main complaint indicating laryngeal diseases [18,19]. Previous re-

search has documented cigarette smoking affecting perceptual, acoustic, and aerodynamic performance dur-

ing phonation [20]. Awan and Morrow [21], evaluated smokers using videolaryngeal stroboscopy. They sug-

gested that smoking consistently caused changes in fundamental frequency (F0) characteristics. Sorensen 

& Horii [22] as well as Murphy & Doyle [23] also reported a lower fundamental frequency (F0) among male 

smokers when compared with nonsmokers. Similarly, Damborenea et al. [24] and Gonzalez & Carpi found 

that smokers have lower fundamental frequency and higher perturbation parameters (jitter and shimmer).

Since professional voice users rely on their voices, it is imperative that their voices remain clear 

and stable throughout the day [25,26] without any influences from various factors, such as to-

bacco use. Even though voice demands on speech language therapists (SLTs) are high, little atten-

tion has been devoted to the risks of smoking on voice for this population, in the literature [26,27].

The prevalence of voice disorders are frequently exhibited prior to employment as SLTs  Gottliebso et al. [28] assessed 

104 first-year graduate students majoring in speech-language pathology (SLT) using the “Quick Screen for Voice”.
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Their results suggested that the voice-related problems detected among future SLTs (12%) are higher than the 

3–9% prevalence of voice disorders in the general population that Verdolini & Ramig [29] reported. Van Lierde et 

al [30], stated that the final-year SLT students mentioned hoarseness, laryngeal irritations (25%) and decreased 

vocal quality in the morning (13%). Also, 81% reported the presence of corporal pain during and/or after speak-

ing.  The above findings were not correlated with risk factors such as smoking.

The purpose of this study was to examine the voice acoustic characteristics of female smoker students in Greece 

and particularly in future SLTs. Specifically, this study focused on early effects of smoking (<10 years) on voice 

perturbations using Dr. Speech Software system. 

materials anD methoDs

Participants

The study was carried out by the Department of Speech Language Therapy at the Technological Educational In-

stitute (TEI) of Epirus, Ioannina Greece. This research and its aims were presented to students, and their con-

sent to participate was obtained. Several of the 210 female students were recruited from School of Health and 

Welfare – TEI of Epirus. Subjects that had a history of any laryngeal disorder or trauma or any problems with 

the upper or lower respiratory system in the previous two weeks (symptoms of cold, chronic rhinitis or post-

nasal drip) were excluded. Participants that reported alcohol or drug addiction, frequent complaints of heart-

burn and symptoms consistent with gastroesophageal reflux disease (GERD) and laryngopharyngeal reflux 

(LPR) were excluded as well. Smokers were defined those who smoked two cigarettes a day for at least 5 con-

secutive years. Non-smokers were defined as those who did not smoke for at least 5 years before the study.

Data Collection

All students completed the Voice Evaluation Form, a consensus-based template from American Speech-Language-

Hearing Association [31] to copy their voice backgrounds. They were also administered the Voice Handicap Index 

(VHI) a culturally adapted and validated questionnaire in the Greek language [32]. VHI was chosen because of its 

use with other populations experiencing voice disorders [33-36] and it has cross-cultural adaptation in many lan-

guages [37-43] Both questionnaires served as tools to ensure that no other contributing factors influenced voice 

sampling.  

Measurements

Participants were seated in a recording room during data collection. A sound level meter (Extech, 407730 Digital 

Sound Meter) was used to maintain intensity under 40dB. Students were allowed to rehearse three times before 

recording. They were asked to sustain the vowels /a/ and /e/ for at least 5 seconds at a comfort pitch [44].  The 

/a/ sound was chosen because it has been used by many researchers [4,22]. The /e/ sound was chosen since it  

elevates the larynx and it is used during video stroboscopic evaluation [21]. Voice measurements were taken con-

sistent with the National Center for Voice and Speech recommendations [45]. Voice and perturbation analysis was.
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performed with Dr. Speech software, version 4.0 (Tiger electronics Inc., MA). The habitual F0 (Hz), mean F0 (Hz), 

percent jitter, percent shimmer, harmonic-to-noise-ratio (HNR in dB) and intensity (dB) were measured. [46,47].

Statistical Analysis

Normally distributed variables are expressed as mean ± standard deviation; while variables with skewed distribu-

tion are expressed as median (interquartile range). A student’s t-test was computed to compare variables between 

the four study groups. The Mann-Whitney Test was used for the comparison of continuous variables between 

the four study groups. Multiple linear regression models attempted to determine the relationship between more 

explanatory variables and a response variable by fitting a linear equation to observed data. All reported p values 

were two-tailed. Statistical significance was set at p<0.05 and analyses were conducted using SPSS statistical soft-

ware (version 19.0).  

results

From the two hundred and ten (210) female participants, one hundred and ten (110) were students majoring in 

SLT (i.e., majors) and one hundred (100) were students from different departments (i.e., non-majors). In total, 

52.4% (110 students) were smokers and 47.6% (100 students) were non-smokers. From the smoker’s subgroup 

54.5% (60 students) were majors and 45.5% (50 students) were non-majors. Likewise, of the non-smokers, 50% 

(50 students) were majors and 50% (50 students) were non-majors.

The sample mean age was 22.12 years (SD: ± 2.33) and ranged from 19 to 34 years; the mean age of smokers was 

22.21 years (SD: 2.38) and non-smokers was 22.09 (SD: ± 2.29). The average years of smoking was 2.16 (SD: ± 

1.29) and the numbers of cigarettes per day was 13.19 (SD: 6.65). The Voice Handicap Index total score was 25.00 

with SD: ± 12.08 (min: 8, max: 58), the functional subscale mean was 7.91 SD: ± 4.62 (min: 1, max: 24), the physi-

cal subscale mean: 8.16 SD: ± 4.51 (min: 1, max: 23) and the emotional subscale mean was 8.04 SD: ± 4.12 (min: 

1, max: 19).

Comparison of Acoustic Characteristics

A student’s t-test was conducted for comparing voice acoustic characteristics means between all subgroups. Statis-

tically significant data are presented in the following:

There was a significant difference in the scores of the mean F0 for non-majors (M= 263.36, SD= 19.42) and majors 

that don’t smoke (M= 248.85, SD= 29.61); t (98) = 2.876, p< .05 and of the mean habitual F0 for non-majors (M= 

264.35, SD= 19.31) and majors (M= 249.02, SD= 29.34); t (98) = 3.063, p< .05; for sustained voicing of /e/. 

T-test comparison of voice acoustic characteristics means between non-smoker majors and smoker non-majors,  

revealed there was a significant difference for habitual F0 of non-majors (M= 258.66, SD= 19.18) and majors (M= 

227.06, SD= 26.56); t (108) = 7.019, p< .01 and for the mean F0 of non-majors (M= 258.66, SD= 19.56) and majors 

(M= 226.74, SD= 26.22); t (108) = 7.124, p< .01; for sustained voicing of /e/.
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As for comparing means of acoustic voice characteristics between smoker and non-smoker, non-majors, there 

was a significant difference in the mean F0 of smokers (M= 206.38, SD= 9.80) and non-smokers (M= 230.58, SD= 

23.10); t (98) = -6.818, p< .01, for sustained voicing of the /a/ sound. 

Likewise, between non-smoker and smoker majors, comparison of voice acoustic characteristics means was con-

sidered. A significant difference was noted for the mean F0 of smoker majors (M= 212.16, SD= 25.58) and non-

smoker, non-majors (M= 227.56, SD= 22.88); t (108) = -3.332, p= .01, for sustained voicing of /a/. Similarly, sig-

nificant differences in the scores for the habitual F0 of smoker majors (M= 227.06, SD= 26.56) and non-smoker 

majors (M= 249.02, SD= 29.34); t (108) = -4.117, p< .01 and for the mean F0 of smoker majors (M= 226.74, SD= 

26.22) and non-smoker majors (M= 248.85, SD= 29.61); t (108) = -4.153, p< .01; and for sustained voicing of /e/, 

were computed.

A comparison of means for acoustic voice characteristics between smoker majors and non-smoker and non-ma-

jors, reported significant differences in the mean F0 of smoker (M= 212.09, SD= 25.58) and non-smokers (M= 

230.58, SD= 25.58); t (108) = -3.943, p< .01, for sustained voicing of /a/ sound. Also, significant differences were 

reported for the habitual F0 of smokers (M= 227.06, SD= 26.56) and non-smokers (M= 264.79, SD= 19.36); t (108) 

= -8.359, p< .01 and for the mean F0 of smokers (M= 226.64, SD= 26.22) and non-smokers (M= 263.58, SD= 19.38); 

t (108) = -8.245, p< .01, for sustained voicing of /e/. 

Significant differences of the habitual F0 of smoker majors (M= 227.06, SD= 26.56) and non-majors (M= 258.66, 

SD= 19.18); t (108) = 7.019, p< .01 and of the mean F0 of smokers (M= 226.64, SD= 26.22) and non-smokers (M= 

262.64, SD= 16.59); t (108) = 7.124, p< .01, were obtained for sustained voicing of /e/.

For non-normally distributed voice characteristics, a Mann-Whitney Test was administered. A statistically signifi-

cant lower HNR (dB) for non-smoker majors (Mdn= 23.21) compared to non-smoker, non-majors (Mdn= 25.92), 

U= 759.00 p= .01 for voicing /a/ sound was found; the same statistically significant higher intensity (dB) for non-

smoker majors (Mdn= 61.00) compared to non-smoker, non-majors (Mdn= 58.86), U= 953.00 p< .05 for voicing /

a/ sound was attained. For sustained voicing of /e/ sound, the Mann-Whitney Test revealed statistically significant 

lower % jitter for non-smoker majors (Mdn= .18) than the non-smoker, non-majors (Mdn= .45), U= 511.50 p< .01 

(Table 1).

The same statistically significant lower habitual F0 (Hz) for smoker non-majors (Mdn= 204.34) compared to non-

smoker majors (Mdn= 226.29), U= 476.00 p< .01 and lower intensity (dB) for non-smoker majors (Mdn= 61.00) 

than smoker non-majors (Mdn= 61.50), U= 759.00 p< .05 for voicing the /a/ sound were detected. For sustained 

voicing of /e/ sound, the Mann-Whitney Test revealed statistically significant lower %jitter for non-smoker majors  

(Mdn= .18) than the smoker non-majors (Mdn= .46), U= 449.00 p< .01 (Table 2).
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Non-smoker majors 
(N= 50)

Smoker non-majors 
(N= 50)

Median (IQR) Median (IQR) Mann Whitney U P

Voicing of /a/
Habitual F0 (Hz) 226.29 

(209.34 -242.96)
230.37 

(211.42 – 244.84)
1133.00 .420

%jitter .20
(.17 – .24)

.20 
(.13 – .23)

1040.00 .146

%shimmer .51 
(.22 – .85)

.51 
(.23 – .77)

1180.00 629

HNR (dB) 23.21 
(21.76 – 26.24)

25.90 
(23.92 – 27.36)

759.00 .01

Intensity (dB) 61.00 
(58.00 – 66.00)

58.86 
(55.90 – 65.28)

953.00 .040

Voicing of /e/
%jitter .18 

(.13 – .22)
.45 

(.23 – .78)
511.50 .000

%shimmer .31 
(.21 – 1.06)

.54 
(.21 – .82)

1247.50 .986

HNR (dB) 25.95 
(24.25 – 28.45)

25.59 
(23.59 – 26.88)

1043.50 .155

Intensity (dB) 59.50 
(58.00 – 65,25)

60.00 
(58.00 – 66.00)

1196.50 .708

Table 1: Comparison of voice acoustic characteristics between non-smoker majors and non-smoker non-majors assessed by sustained voicing of 

/a/ and /e/ 

Non-smoker majors 
(N= 50)

Smoker non-majors 
(N= 50)

Median (IQR) Median (IQR) Mann Whitney U P

Voicing of /a/
Habitual F0 (Hz) 226.29 

(209.34 -242.96)
204.34 

(202.45 – 208.03)
476.00 .000

%jitter .200 
(.177 – .242

.19 
(.18 – .23)

1192.00 .688

%shimmer .505 
(.227 – .857)

.59 
(.35 – .95)

1038.50 .145

HNR (dB) 23.21 
(21.76 – 26.24)

25.38 
(23.98 – 26.89)

894.00 .014

Intensity (dB) 61.00 
(58.00 – 66.00)

61.50 
(56.04 – 65.00)

1066.50 .205

Voicing of /e/
%jitter .18 

(.13 – .22)
.46 

(.23 – .78)
511.50 .000

%shimmer .31 
(.21 – 1.06)

61 
(.34 – .86)

975.50 .986

HNR (dB) 25.95 
(24.25 – 28.45)

25.86 
(24.38 – 27.29)

1169.00 .577

Intensity (dB) 59.50 
(58.00 – 65,25)

62.50 
(58.00 – 66.00)

1071.00 .212

Table 2: Comparison of voice acoustic characteristics between non-smoker majors and smoker non-majors assessed by sustained voicing of /a/ 

and /e/
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The Mann-Whitney Test also revealed statistically significant lower habitual F0 (Hz) for smoker majors (Mdn= 

209.05) in comparison with non-smoker majors (Mdn= 226.29) U= 935.50 p= .01 for voicing the /a/ sound (Table 

3).

Non-smoker majors 
(N= 50)

Smoker non-majors 
(N= 50)

Median (IQR) Median (IQR) Mann Whitney U P

Voicing of /a/
Habitual F0 (Hz) 226.29 

(209.34 -242.96)
209.05 

(197.21 – 228.40)
935.50 .001

%jitter .200
(.177 – .242)

.21 
(.17 – .25)

1363.00 .410

%shimmer .505 
(.227 – .857)

.78 
(.31 – 1.62)

1186.50 .060

HNR (dB) 23.21 
(21.76 – 26.24)

23.59 
(21.30 – 25.14)

1411.00 .593

Intensity (dB) 61.00 
(58.00 – 66.00)

63.00 
(58.25 – 66.00)

1401.50 .553

Voicing of /e/
%jitter .18 

(.13 – .22)
.19 

(.16 – .22)
1303.50 .237

%shimmer .31 
(.21 – 1.06)

.49 
(.27 – .1.24)

1194.50 .067

HNR (dB) 25.95 
(24.25 – 28.45)

24.70 
(23.14 – 28.18)

1211.00 .083

Intensity (dB) 59.50 
(58.00 – 65,25)

59.50 
(58.00 – 65.00)

1454.50 .783

Table 3: Comparison of voice acoustic characteristics between non-smoker majors and smoker majors assessed by sustained voicing of /a/ and 

/e/ sounds

Statistically significant lower habitual F0 (Hz) were identified between smoker majors (Mdn= 209.05) and non-
smoker, non-majors (Mdn= 230.37), U= 794.50 p< .01, as well as statistically significant lower %shimmer for non-
smoker, non-majors (Mdn= .51) in comparison with smoker majors (Mdn= .78), (Mdn= .51), U= 1035.00 p= .05, 
when voicing /a/. As for sustained voicing of the /e/ sound, the Mann-Whitney Test indicated statistically significant 
higher %jitter for non-smoker, non-majors (Mdn= .45) than the smoker majors (Mdn= .19), U= 614.00 p< .01; (Table 
4).

Statistically significant higher habitual F0 (Hz) occurred between non-smoker, non-majors (Mdn= 230.37) and 
smoker non-majors (Mdn= 204.34), U= 320.00 p< .01, for the voicing of /a/ (Table 5).

Statistically significant higher HNR (dB) for smoker majors (Mdn= 23.59) than for smoker non-majors (Mdn= 25.38), 
U= 908.50 p< .01 for voicing /a/ was noted. For sustained voicing of the /e/ sound, the Mann-Whitney Test indicated 
statistically significant higher %jitter for smoker majors (Mdn= .46) than for non-majors (Mdn= .19) that smoke, U= 
518.50 p< .01 (Table 6).
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Non-smoker majors 
(N= 50)

Smoker non-majors 
(N= 50)

Median (IQR) Median (IQR) Mann Whitney U P

Voicing of /a/
Habitual F0 (Hz) 2230.37 

(211.42 – 244.84)
209.05 

(197.21 – 228.40)
794.50 .000

%jitter .20 
(.13 – .23)

.21 
(.17 – .25)

1105.50 .017

%shimmer .51 
(.23 – .77)

.78 
(.31 – 1.62)

1035.00 .005

HNR (dB) 25.90
(23,92 – 27,36)

23.59 
(21.30 – 25.14)

772.50 .000

Intensity (dB) 58.86 
(55.90 – 65.28)

63.00 
(58.25 – 66.00)

1401.50 .553

Voicing of /e/
%jitter .45

((.23 – .78)
.19 

(.16 – .22)
614.00 .000

%shimmer .54 
(.21 – .82)

.490 
(.27 – .1.24)

1262.00 .153

HNR (dB) 25.59 
(23.59 – 26.88)

24.70 
(23.14 – 28.18)

1405.50 ..571

Intensity (dB) 60.00  
(58.00 – 66,00)

59.50 
(58.00 – 65.00)

1377.00 .457

Table 4: Comparison of voice acoustic characteristics between non-smoker, non-majors and smoker majors assessed by sustained voicing of /a/ 

and /e/ sounds.

Non-smoker majors 
(N= 50)

Smoker non-majors 
(N= 50)

Median (IQR) Median (IQR) Mann Whitney U P

Voicing of /a/
Habitual F0 (Hz) 230.37 

(211.42 – 244.84)
204.34 

(202.45 – 208.03)
320.00 .000

%jitter .20 
(.13 – .23)

.19 
(.18 – .23)

1101.50 .304

%shimmer .51 
(.23 – .77)

.59 
(.35 – .95)

953.00 .041

HNR (dB) 25.90
(23,92 – 27,36)

25.38 
(23.98 – 26.89)

1099.00 .298

Intensity (dB) 58.86 
(55.90 – 65.28)

61.50 
(56.04 – 65.00)

1184.50 .651

Voicing of /e/
%jitter .45

(.23 – .78)
.46 

(.25 – .64)
1215.00 .809

%shimmer .54 
(.21 – .82)

.61 
(.34 – .86)

1036.50 .141

HNR (dB) 25.59 
(23.59 – 26.88)

25.86 
(24.38– 27.29)

1127.50 .398

Intensity (dB) 60.00  
(58.00 – 66,00)

62.50 
(58.00 – 68.00)

1123.50 .379

Table 5: Comparison of voice acoustic characteristics between non-smokers non-majors and smoker non-majors assessed by sustained voicing 

of /a/ and /e/ sounds
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Non-smoker majors 
(N= 50)

Smoker non-majors 
(N= 50)

Median (IQR) Median (IQR) Mann Whitney U P

Voicing of /a/
Habitual F0 (Hz) 204.34 

(202.45 – 208.03)
209.05 

(197.21 – 228.40)
1228.00 .102

%jitter 19 
(.18 – .23)

.21 
(.17 – .25)

1303.00 .235

%shimmer .59 
(.35 – .95)

.78 
(.31 – 1.62)

1383.00 .482

HNR (dB) 25.38 
(23.98 – 26.89)

23.59 
(21.30 – 25.14)

908.50 .000

Intensity (dB) 61.50 
(56.04 – 65.00)

63.00 
(58.25 – 66.00)

908.50 .089

Voicing of /e/
%jitter .46

(.25 – .64)
.19

(.16 – .22)
518.50 .000

%shimmer 61 
(.34 – .86)

.49 
(.27 – 1.24)

1470.50 .859

HNR (dB) 25.86 
(24.38 – 27.29)

24.70 
(23.14 – 28.18)

1270.50 .168

Intensity (dB) 62.50 
(58.00 – 68.00)

59.50 
(58.00 – 65.00)

1196.00 .066

Table 6: Comparison of voice acoustic characteristics between smoker majors and smoker non-majors assessed by sustained voicing of /a/ and 

/e/ sounds

Multiple Linear Regressions

Multiple linear regressions were designed to predict changes in smoker majors’ voice characteristics based on years of 

smoking and number of cigarettes smoked daily. No significant regression equation was found for %jitter [F (2, 56) = .285, 

NS], with an R2 of .073, % shimmer [F (2, 56) = 2.818, NS] with an R2 of .027, mean F0 [F (2, 56) = 1.407, NS] with an 

R2 of .014, HNR [F (2, 56) = .082, NS] with an R2 of .001 and intensity [F (2, 56) = 2.882, NS] with an R2 of .027, for 

sustained voicing of /a/. Significant equation for habitual F0 during sustained voicing of /a/ [F (2, 56) = 14.744, p< .01] 

with an R2 of .124 was also determined.

Likewise, during sustained voicing of /e/, no significant regression equation was found for % jitter [F (2, 56) = .151, NS] with an 

R2 of .001, % shimmer [F (2, 56) = 2.7371, NS], with an R2 of .023, HNR [F (2, 56) = 2.030, NS] with an R2 of .019 and intensity 

[F (2, 56) = .546, NS] with an R2 of .005, for smoker majors. Significant regression equation was found for sustained voicing 

of /e/  and habitual F0 [F (2, 56) = 8.402, p< .01] with an R2 of .076 and mean F0 [F (2, 56) = 6.688, p< .05] with an R2 of .061.

Alike for smoker non-majors, multiple linear regressions were designed to predict changes of voice characteristics based 

on years of smoking and number of cigarettes smoked daily. No significant regression equation was found for %jitter 
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[F (2, 56) = .285, NS], with an R2 of .073, %shimmer [F (2, 56) = 2.818, NS] with an R2 of .027, HNR [F (2, 56) = .082, 

NS] with an R2 of .001 and intensity [F (2, 56) = 2.882, NS] with an R2 of .027, for sustained voicing of /a/. A signifi-

cant regression equation was found for sustained voicing of /a/ with smoker non-majors for habitual F0 [F (2, 56) = 

16.084, p< .01] with an R2 of .251 and mean F0 [F (2, 56) = 1.407, NS] with an R2 of .014.

As for sustained voicing of /e/, no significant regression equation was found for habitual F0 [F (2, 46) = 16.084, p< 

.01] with an R2 of .251, %jitter [F (2, 46) = .300, NS] with an R2 of .006, %shimmer [F (2, 46) = .144, NS] with an R2 of 

.003, mean F0 [F (2, 46) = 2.696, NS] with an R2 of .053, HNR [F (2, 46) = 1.998, NS] with an R2 of .040 and intensity 

[F (2, 46) = .542, NS] with an R2 of .011. A significant regression equation was found for sustained voicing of /e/ with 

smoker non-majors for habitual F0 [F (2, 46) = 4.560, p< .05] with an R2 of .098.

.
DisCussion

Overall, studies [4,24] highlighted the negative impact of smoking on female voice acoustic characteristics. The re-

sults of this study agreed similar to the aforementioned studies, especially for females intending to become SLTs. 

Despite SLT majors being aware of factors leading to voice disorders, including smoking, more than half of them 

engaged in this habit even though they put themselves at risk of developing laryngeal symptoms [27-30,48]. These 

laryngeal symptoms could lead to a voice disorder in the future [28].

To summarize fundamental frequency (F0) was significantly lower for smoker majors compared to non-smokers. 

Smoker mon-majors had significantly lower F0 in comparison with non-smokers. The results of the study support 

the literature on the effects of cigarette smoking and the fundamental frequency values for sustained phonation of 

/a/ and /e/ [22,24,49, 50].

This lowering effect of fundamental frequency, F0, for all smokers in this study is probably associated with changes 

in vocal fold  mass due to smoking, which is in line with previous research [4,14,49,51]. Another likely causative fac-

tor lowering the F0 is the years of smoking [4,52,53]) in combination with the number of cigarettes smoked daily. 

However, the effect of these factors was low, probably due to the sample consisting of early smokers. This needs to 

be explored further. 

Statistically significant differences of the frequency perturbation parameter (%jitter) were observed for smokers in 

this study. This result is in alignment with Gonzalez & Carpi [4], even though other studies report similar changes 

though not statistically significant [54,55].

The results of this study also revealed that majors had higher voice amplitude during recording, in comparison with 

non-majors, whether they were smokers or not. This may have occurred because majors are more familiar with such 

types of clinical voice procedures [4,24]. 
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The high percentage of female smoker majors in this study was notable. It was not only higher than the European 

female average, but even higher than the prevalence of smoking reported by WHO (2016).

In this study, no consideration to other factors (e.g. environmental) that may influenced voice characteristics was 

made. Also, no consideration was given to the frequency that non-smoking students were exposed to smoking en-

vironments. Future research should consider investigating populations that differ in sex, age, profession, voice pa-

thologies and so forth. Additionally, investigating different types of voice sampling or new technologies may provide 

useful insights regarding this topic.

ConClusion

This study examined the voice acoustic fundamental frequency and amplitude parameters of Greek female majoring 

in speech language therapy and non-majors who smoke by using the Dr.Speech software system. Specifically, this 

study focused on the early effects of smoking (<10 years) on those parameters. The results of this study indicated 

that smoking (i) influences some voice acoustic characteristic measurements (F0, %jitter); (ii) but is not statically 

significant for other voice parameters in smoking subjects (%shimmer, HNR, intensity).
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