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ABSTRACT
BACKGROUND: The female body is under the constant influence of sex hormones. In this case, the larynx is no exception—
sex steroid hormone receptors are located on the vocal folds. Thus, during the menstrual cycle, the voice also experiences 
cyclical changes, which is particularly important for professional voice users. Today, the use of hormonal contraceptives 
is increasing; they suppress hormonal peaks and it may cause cyclical voice changes.
AIM: To analyse acoustic voice changes in women with a natural menstrual cycle and hormonal contraception users.
METHODS: The voices of 15 females aged 21–28 years, including six females using hormonal contraception, were recorded 
at menstruation and late follicular and luteal phases. The menstrual cycle phases were determined using a calendar. Acous-
tic analysis was performed in the Praat software (6.4.21). The following parameters were studied: fundamental frequency, 
including the highest and the lowest pitch; voice intensity; perturbation measurements (jitter and shimmer); Harmonic-to-
Noise-Ratio, and maximum phonation time. 
RESULTS: Women with a natural menstrual cycle had cyclical voice changes, including a lower voice quality during menstrua-
tion and a higher voice pitch in the late follicular phase. There are no voice changes in hormonal contraception users during 
the menstrual cycle.
CONCLUSION: The study proves the influence of sex hormones on acoustic voice parameters.
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Акустический анализ женского голоса в разные 
фазы менструального цикла
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АННОТАЦИЯ
Обоснование. Женский организм находится под постоянным влиянием половых гормонов. При этом гортань не исклю-
чение — на голосовых складках расположены рецепторы к половым стероидам. Следовательно, в течение менстру-
ального цикла также можно ожидать наличие циклических изменений голоса, что особо актуально для лиц голосоре-
чевых профессий. В настоящее время растет частота применения гормональных контрацептивов, механизм действия 
которых сопряжен с подавлением гормональных пиков, что может оказывать влияние на наличие циклических изме
нений голоса. 
Цель — анализ изменения акустических параметров голоса среди женщин с естественным менструальным циклом 
и женщин, использующих гормональные контрацептивы. 
Методы. Голоса 15 женщин в возрасте 21–28 лет, из которых 6 использовали гормональную контрацепцию, были за-
писаны в фазу менструации, позднюю фолликулярную и лютеиновую фазы. Фазы менструального цикла определяли 
календарным методом. Акустический анализ данных проводили в программе Praat (6.4.21). Исследовали следующие 
параметры: частота основного тона, в том числе минимальная и максимальная, сила голоса, частотная нестабильность 
голоса и амплитудная, соотношение гармонических и шумовых компонентов, время максимальной фонации. 
Результаты. У женщин с естественным менструальным циклом отмечены изменения голоса в течение цикла: сниже-
ние качества голоса в период менструации, более высокий голос в позднюю фолликулярную фазу. У женщин, исполь-
зующих гормональную контрацепцию, изменения голоса в течение менструального цикла отсутствуют. 
Заключение. Полученные результаты доказывают наличие влияния уровня половых гормонов на акустические пара-
метры голоса.
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BACKGROUND
The female body is under the constant influence of sex 

hormones: in early days of the menstrual cycle, low lev-
els of estradiol and progesterone are observed, whereas 
the late follicular phase is characterized by high estradiol 
levels, and the luteal phase by high progesterone levels [1]. 
In this case, the larynx is no exception—sex steroid hormone 
receptors are located on the vocal folds: estrogen and pro-
gesterone receptors are located in the epithelium and lamina 
propria of the vocal folds, whereas androgen receptors are 
also present in the muscle layer [2]. It is postulated that his-
tological changes in the endometrium are similar to those 
in the larynx: estrogens promote cellular proliferation, influ-
ence the vascular tone and gland secretion, making it wa-
terier and the mucous membranes more elastic. As for pro-
gesterone, it has an anti-proliferative effect, reduces gland 
activity and mucus secretion (making it thicker), contributes 
to mucosal edema, and decreases smooth muscle tone  [3]. 
At periods of low estrogen and progesterone levels (men-
struation), blood vessel spasms occur in the endometrium, 
leading to the desquamation phase.

Therefore, cyclical voice changes can also be expected 
during the menstrual cycle. These changes are particularly 
relevant for professional voice users. A study was conducted, 
in which professional singers recorded their mood and voice 
quality changes throughout a menstrual cycle: along with 
decreased mood in early days of the cycle, they also 
observed a decline in voice quality and the need for extra 
effort to reach higher registers. However, vocal coaches did 
not detect any noticeable differences in performance during 
the same period [4].

Today, the use of hormonal contraceptives is increasing; 
they suppress hormonal peaks, which may cause cyclical 
voice changes [5].

It has been proven that excess androgens reduce 
the fundamental frequency, but there is still no consensus 
regarding the acoustic parameters affected by changes 
in estrogen and progesterone levels [6].

The study is aimed at analyzing acoustic voice changes 
in women with a natural menstrual cycle and hormonal 
contraception users.

METHODS
The study involved 15  women aged 21–28  years, 

with no respiratory or ENT pathologies, non-smokers, 
and not professional voice users. The first group was 
made up of 9  women with a natural, regular menstrual 
cycle, whereas the second group included 6  women using 
monophasic hormonal contraceptives.

Voices were recorded every 4  days, with subsequent 
determination of menstrual cycle phases using the calendar 

method, assuming an average cycle duration of 28  days. 
For  further analysis, recordings corresponding to the men-
strual phase (first 4 days of the cycle), late follicular phase 
(days 10–14), and luteal phase (days 19–24) were selected. 
Only women without signs of acute respiratory infections 
were allowed to participate in voice recording. The study 
was conducted in a relatively soundproof room using 
a microphone with the frequency range of 50 to 15,000  Hz 
at the distance of 25  cm. The participants pronounced five 
words: “par” (пар), “ghen” (ген), “tik” (тик), “lyuk” (люк), 
and “tok” (ток).

Acoustic analysis was performed in the Praat software 
(version  6.4.21). The following parameters were studied: 
fundamental frequency (F0), including the lowest (F0 min) 
and the highest (F0 max) pitch; voice intensity for the sequence 
of five words; frequency perturbation (jitter) and amplitude 
perturbation (shimmer); Harmonic-to-Noise Ratio (HNR) 
for the vowel  [a] in the word “par”; maximum phonation 
time (MPT) for the vowel [i] in the word “tik” during expiratory 
phonation [7, 8].

Statistical analysis was performed using the Microsoft 
Excel software. The Shapiro–Wilk test was used to assess 
the normality of distribution. Separate analyses were con-
ducted for each group using the Student’s t-test. For  inter-
group comparisons, the Welch’s t-test was used. The level 
of p ≤ 0.05 was considered as statistically significant.

RESULTS
The study revealed that women with a natural menstrual 

cycle showed an increase in F0 min during the late follicular 
phase versus the menstrual phase (p  =  0.03); during 
the menstrual phase, they demonstrated decreased HNR 
values relative to both the late follicular (p = 0.031) and luteal 
phases (p = 0.034), along with reduced MPT (p = 0.036) (see 
Table 1).

In contrast, there were no voice changes in hormonal 
contraception users during the menstrual cycle (see 
Table 2).

Comparative analysis between the two groups revealed 
the following differences: women with a natural menstrual 
cycle demonstrated higher F0 max and F0 min values during 
the follicular phase than hormonal contraception users 
(p  =  0.022 and p  =  0.05, respectively), whereas women 
with a natural menstrual cycle showed slightly lower 
HNR values during menstruation (p  =  0.059) relative 
to the second group.

DISCUSSION
The study identified cyclical changes in acoustic 

parameters in women with a natural menstrual cycle. 
During menstruation, when estradiol and progesterone 
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levels are low, the voice becomes somewhat lower-
pitched (decreased minimum fundamental frequency), 
and the voice quality is reduced (diminished HNR values, 
shorter MPT). In contrast, the late follicular phase—
marked by elevated estradiol levels—was associated with 
an increased minimum fundamental frequency, resulting 
in a higher-pitched voice. A higher-pitched voice is perceived 
as more feminine and attractive; during the follicular phase, 
the conception probability is known to be higher, which 
may represent a biological mechanism that promotes 
reproductive success through acoustic voice parameters. 
Notably, the participants reported no subjective awareness 
of voice changes, though this group omitted professional 
voice users.

Account of these cyclical changes should be taken when 
comparing and evaluating the efficacy, including through 
acoustic analysis, of various laryngeal treatment methods: 
observations need to be conducted during identical menstrual 
cycle phases.

The study found no cyclical changes in acoustic 
parameters among hormonal contraception users during 
the menstrual cycle, which is accounted for by the absence 
of sex hormone level fluctuations typical for a natural 
menstrual cycle. Comparative analysis revealed that women 
with a natural menstrual cycle demonstrated higher maximum 
and minimum fundamental frequency values. Whether 
this constitutes an advantage of a natural menstrual cycle 
remains debatable, as the authors established that acoustic 
parameters of hormonal contraceptive users are relatively 
stable and—considering the HNR value, which was slightly 
higher during menstruation in the second group—even more 
consistent.

Future studies need to focus on professional voice users, 
as the existing survey data indicates that they demonstrate 
greater sensitivity to vocal changes  [9, 10]. On top of that, 
incorporating laryngoscopy and laryngostroboscopy would 
provide valuable visualization of potential changes 
and vibration patterns of the vocal folds [11].

Table 1. Acoustic voice parameters during menstrual cycle in women with natural menstrual cycle
Таблица 1. Акустические параметры голоса в течение менструального цикла среди женщин с естественным менструальным циклом

Parameters
Menstrual phase Late follicular phase Luteal phase

М 95% CI М 95% CI М 95% CI

F0, Hz 217.05 206.74–227.36 214.16 203.83–224.49 210.37 200.13–220.62

F0 min, Hz 143.47 109.99–176.95 179.50 169.74–189.25 172.45 165.45–179.44 

F0 max, Hz 294.82 285.80–303.84 283.14 262.29–303.99 279.55 255.12–303.99

Intensity, dB 69.16 66.64–71.67 66.82 64.63–69.02 68.32 66.27–70.36

Jitter, % 1.10 0.89–1.31 1.03 0.79–1.26 1.12 0.94–1.30

Shimmer, dB 0.567 0.463–0.670 0.522 0.416–0.629 0.506 0.374–0.638

HNR, dB 17.36 15.01–19.71 20.34 18.61–22.08 20.25 18.54–21.96

MPT, s 16.78 14.80–18.76 19.11 17.79–20.44 19.00 17.4–20.6

Note (and hereinafter in the tables). F0 means the fundamental frequency, including the lowest (F0 min) and the highest (F0 max) pitch; Intensity means the voice 
intensity; Jitter means the frequency perturbation; Shimmer means the amplitude perturbation; HNR means the Harmonic-to-Noise Ratio; MPT means 
the maximum phonation time; М means the mean value; 95% CI means the mean confidence interval.

Table 2. Acoustic voice parameters during menstrual cycle in hormonal contraception users
Таблица 2. Акустические параметры голоса в течение менструального цикла среди женщин, использующих гормональную контрацепцию

Parameters
Menstrual phase Late follicular phase Luteal phase

М 95% CI М 95% CI М 95% CI

F0, Hz 201.58 193.67–209.48 206.09 197.57–214.60 211.28 206.34–216.21

F0 min, Hz 129.23 93.83–164.63 156.13 137.40–174.85 158.33 135.62–181.05

F0 max, Hz 251.15 237.70–264.61 249.58 232.59–266.57 257.23 246.03–268.42

Intensity, dB 66.03 63.95–68.12 67.38 64.99–69.77 69.05 66.52–71.58

Jitter, % 1.04 0.74–1.34 0.88 0.80–0.96 0.94 0.81–1.07

Shimmer, dB 0.540 0.413–0.666 0.505 0.437–0.573 0.514 0.398–0.631

HNR, dB 19.62 18.71–20.52 20.85 18.63–23.08 20.48 18.58–22.39

MPT, s 16.63 15.33–17.94 17.83 16.79–18.88 17.50 15.97–19.03
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CONCLUSION
Women with a natural menstrual cycle demonstrate 

cyclical voice changes, including a lower voice quality 
during menstruation and a higher voice pitch in the late 
follicular phase. There are no voice changes in hormonal 
contraception users during the menstrual cycle. The study 
proves the influence of sex hormones on acoustic voice 
parameters.
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