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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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AKyCcTUYeCKMIA aHaNIM3 XKEHCKOro rosioca B pasHbie
¢a3bl MEHCTPYaNbHOrO LMKNA

M.A. Paboga, M.C. [puropbeBa

Mep.bit CaHKT-MMeTepbyprckui rocyaapcTBEHHbIN MeSULIMHCKUIA YHUBepcuTeT UM. akag,. W.M. Maenosa, CankT-leTepbypr, Poccus

AHHOTALIUA

060cHoBaHMe. YeHCKUIN opraHn3M HaxoaMUTCA Nof, NOCTOSAHHLIM BAIUSIHMEM NONOBLIX FOPMOHOB. [pK 3TOM ropTaHb He UCKII0-
YeHMe — Ha rol0CoBbIX CKJTaJKaX pacrosioKeHbl peLenTopsl K NosoBbIM cTepouaaM. CnefoBatenibHo, B TeHEHWUE MEHCTPY-
aNbHOTO LMK/ TaKXKe MOXKHO 0XKMAaTb HannuMe LIMKJTMHECKUX N3MEHEHWN rofioca, YTo 0c000 aKTyanbHO Ans ML, rofiocope-
yeBbIX npodeccuii. B HacTosLee BpeMst pacTeT YacToTa NpUMEHEHUA FTOPMOHASIbHBIX KOHTPALIENTUBOB, MeXaHW3M AeiCTBus
KOTOPbIX COMPAMEH C NOAAB/IEHUEM FOPMOHANbHbIX MMKOB, YTO MOMKET OKa3blBaTb BAMAHME HA HafMuMe LIMKJIMYECKUX U3Me-
HEeHW# rofoca.

Lenb — aHanu3 M3MeHeHUs aKyCTUYECKMX NMapaMeTpoB rosioca CPeaM KEHLUMH C eCTECTBEHHBIM MEHCTPYaNIbHBbIM LIMKJIOM
W JKEHLUMH, UCNONb3YHOLLMX FOPMOHANbHBIE KOHTPALLEeNTUBbI.

Metoapbl. lonoca 15 xeHwuH B Bo3pacTe 21-28 neT, M3 KOTOpbIX 6 MCMONb30BanM rOPMOHaNbHYI0 KOHTpaLenumto, bbinm 3a-
MucaHbl B a3y MeHCTpyaLuu, NO3AHI0 QONNMKYNSPHYO W NtoTenHOBYIO (asbl. Pa3bl MEHCTPYaNbHOMO LKA Onpeensuiv
KaneHaapHbIM MeToAoM. AKYCTUYECKUI aHann3 AaHHbIX NpoBoawnu B nporpamme Praat (6.4.21). UccnepoBanu cnenyiowume
napaMeTpbl: YacToTa 0CHOBHOMO TOHA, B TOM YXC/IE MUHUMANbHAA M MaKCUMaJlbHas, CUNa rofoca, YacToTHasA HeCTabuUnbHOCTb
rofoca ¥ aMnUTyaHas, COOTHOLLEHWE rapMOHMYECKMX U LLIYMOBbIX KOMMOHEHTOB, BPEMS MaKCUMasbHOW (oHaLMM.
Pe3ynbTathl. Y JeHLWMH C eCTECTBEHHBIM MEHCTPYaslbHbIM LMKIOM OTMeueHbl U3MEHEHWSA rooca B TeYEHWE LIMKIIA: CHUKe-
HWe Ka4ecTBa rosioca B Mepuop, MeHCTpyaLmm, bonee BbICOKWI rofioc B MO3LHIOK GONNMKYNAPHYI0 Ba3y. Y eHLMH, UCMofb-
3YIOLLMX FOPMOHabHYI0 KOHTPALeNuUuio, U3MEHEHNS rofloca B TeYeHWe MEeHCTPYaNbHOMO LMK OTCYTCTBYHOT.

3akntouenue. oyyeHHble pe3ysbTaThl A0Ka3bIBAlOT HaNMYKMe BMSIHUS YPOBHS MOJIOBLIX FOPMOHOB Ha aKyCTMYeCKUe napa-
METpbI rooca.

KnioueBble cnoBa: aKYCTVILIECKMﬁ aHaJIM3 royioca; aKyctuyeCKue napameTpbl royioca; MEHCpraﬂbelﬁ LIMKJT; ronoc.
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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 vyears,
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
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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” (nap), “ghen” (ren), “tik" (tuk), “lyuk” (niok),
and “tok” (Tok).

Acoustic analysis was performed in the Praat software
(version 6.4.21). The following parameters were studied:
fundamental frequency (Fy), including the lowest (F; ;)
and the highest (F; .,,) 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 F; ., 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 F; ., and F; ., 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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Table 1. Acoustic voice parameters during menstrual cycle in women with natural menstrual cycle

Tabnuua 1. AKYCTVI'-IECKVIE napaMeTpbl rosioca B Te4eHNe MeHCTPYanbHOro LKNa cpeam XeHLWnH ¢ eCTeECTBEHHbIM MEHCTPYallbHbIM LNKIOM

Darameters Menstrual phase Late follicular phase Luteal phase
M 95% Cl 95% Cl M 95% Cl

Fo Hz 21705 206.74—22736 214.16 203.83-224.49 210.37 200.13-220.62
Fo min HZ 143.47 109.99-176.95 17950 169.74-189.25 172.45 165.45-179.44
Fomae 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—T71.67 66.82 64.63-69.02 68.32 66.27-70.36
Jitter, % 1.10 0.89-1.31 0.79-1.26 112 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 1736 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). Fy means the fundamental frequency, including the lowest (F, ) and the highest (F; .,,) 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; M means the mean value; 95% Cl means the mean confidence interval.

Table 2. Acoustic voice parameters during menstrual cycle in hormonal contraception users

Taébnuua 2. AKYCTW{ECKME napaMeTpbl rosioca B Te4eHUe MeHCTPyabHOro LUMKia cpeam XeHLWnH, UCNOoNb3YHLWMX TOPMOHalbHYH0 KOHTpaLenuuio

barameters Menstrual phase Late follicular phase Luteal phase
M 95% Cl 95% Cl M 95% Cl

Fo Hz 201.58 193.67-209.48 206.09 197.57-214.60 211.28 206.34-216.21
Fomin HZ 129.23 93.83-164.63 156.13 137.40-174.85 158.33 135.62-181.05
Fomae HZ 251.15 23770-264.61 249.58 232.59-266.57 25723 246.03-268.42
Intensity, dB 66.03 63.95-68.12 6738 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 15.33-1794 1783 16.79-18.88 1750 15.97-19.03

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].
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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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