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Summary: Objective. Research has reported the difference in a woman’s voice across the different stages of the
menstrual cycle. A review of the studies in singers on the influence of menstruation on the singing voice will enable a
better understanding of these changes.
Methods/Design. A systematic literature search was carried out on PubMed, CINAHL, Scopus, Cochrane, and re-
gional electronic databases. The keywords “menstrual cycle,” “voice change,” and “singer” were used in different
combinations. Only those articles that discussed the effect of menstrual cycle on the singing voice were included in
the final review.
Results. Six studies in the English language were identified and included in the review. Hormonal variations occur
to a great extent during menstrual cycle, and these variations can influence the voice of singers. A great variability was
found in the included studies. There are limited studies that have been carried out exploring the relationship between
menstrual cycle and the singing voice.
Conclusion. Even though the studies included in the review point out toward the changes in the singing voice asso-
ciated with menstrual cycle, there is a need for more studies to be carried out in diverse singing populations and in
different outcome measures.
Key Words: menstrual cycle–voice–singers–hormonal variations–systematic review.

INTRODUCTION

The vocal folds play a key role in the production of voice and
are affected by internal and external environments.1 The hor-
monal environment has a major influence on the quality of the
human voice.2 The physiological effect of the menstrual cycle
on the voice has been a topic of research for many decades. Recent
literature has suggested the association between voice change
and the menstrual cycle. Hormonal fluctuations during the men-
strual cycle have a significant impact on the vocal folds and
voice.3–13

A variety of voice changes have been reported across the dif-
ferent stages of the menstrual cycle. During the premenstrual
period, women report of side effects that result from changes
in the levels of estrogen and progesterone, or the balance of both.
There is water retention in the body tissues, which causes bloat-
ing. This also leads to slight swelling or thickening of the vocal
folds, which could impede the movements during the produc-
tion of voice. It could also result in sluggish laryngeal movements
and submucous fold hemorrhage, which could lead to hoarse-
ness, difficulty in coordinating voice, uncertain or unsteady pitch,
and loss of high notes. These voice changes are termed as dys-
phonia premenstrualis. Symptoms of dysphonia premenstrualis
include decreased vocal efficiency, reduced flexibility, breathiness,
fatigued voice, loss of high notes, hoarseness, intonation prob-
lems, and muffled voice.1,9,14,15 These voice changes may be more
apparent to the singer herself rather than the listener.16 In olden

days, many European Opera houses offered “grace days” to
singers during their premenstrual period to avoid any damage
to the vocal folds and vocal stress. These practices no longer
exist in Europe and were never practiced in the United States
or other places.17

At ovulation, the fundamental frequency is higher as com-
pared with other times of the cycle.18,19 Objective voice analysis
using acoustic measures, maximum phonation duration, and s/z
ratio did not reveal significant differences across the different
phases of the menstrual cycle. However, perceptual voice eval-
uation (clinician rated as well as patient self-rated) revealed a
statistically significant difference among the different phases of
the cycle.20 Voice changes occur across the different stage of the
menstrual cycle, although they are predominantly noticed during
the premenstrual period.21

The above mentioned studies highlight the voice-related
changes that occur across the different phases of the menstrual
cycle. Singers are often called as “vocal athletes” as singing puts
heavy demands on their voice. As a result of years of training
and singing practice, singers develop a higher phonatory agility,
strength, and stamina.22 The present review was undertaken to
identify and review the existing literature on the influence of men-
strual cycle on the singing voice.

METHOD

The review was designed and conducted as per the guideline of
the Preferred Reporting Items for Systematic Reviews and Meta-
analyses statement (PRISMA).

Types of studies and participants

The search strategy was designed to identify various studies on
the influence of menstrual cycle on the voice of singers. We ex-
plored and included all accessible human studies on singers, which
included peer-reviewed published articles and dissertations. The
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search was kept open to include singers from any form of singing
style to include as much studies available.

Search methods for identification of the studies

The search was carried out in October 2015. To identify and
include a wide range of studies, there was no date limit set during
the search. The search was carried out in the following online
databases: PubMed, CINAHL, Scopus, and Cochrane. The re-
gional databases IndMED and the digital research repository of
the All India Institute of Speech and Hearing, Mysore, India,
were also included. The back references of papers included in
the review were hand searched to identify any related studies.
Search terms such as menstrual cycle, voice change, and singer
were used to develop a search strategy using Boolean opera-
tors (AND, OR) as per the database being searched.

Inclusion criteria

To be included in the review, the study is required to be pub-
lished in the English language, an original primary research, and
carried out on trained female singers who may or may not report
voice problems. Review articles and editorials were excluded.
Studies with the primary focus on the influence of hormonal medi-
cines or oral contraceptive medication on singing voice were
excluded.

Outcomes

All the studies were required to have investigated the influence
of menstrual cycle on the singing voice using any objective or
subjective technique. The objective techniques could be acous-
tic measures, laryngeal visualization/imaging, or any other
instrumental evaluation. The subjective techniques could include
perceptual evaluation or self-reported measures. The outcome
measures were not restricted to include a wide range of studies.

Study selection

The studies obtained from all the databases were compiled to-
gether with a reference management system, and the duplicates
were removed. The titles and abstracts of the studies were screened
independently by two authors based on the predetermined in-
clusion criteria. As the dissertations did not have an abstract, the
chapters on methodology, summary, and conclusion were screened
to determine the eligibility. In both these stages, disagreements
were discussed to arrive at a common consensus. In the next stage,
full-text of the article was retrieved for the shortlisted ab-
stracts. Additionally, the reference lists of the selected articles
were hand searched to identify any potential articles that could
have been missed out.

Data extraction

For each of the included studies, the complete study was scru-
tinized to extract information using predesigned data extraction
form. The form included predesigned tables, which enabled a
cross-study comparison of data. The data extracted included study
type, sample size, participant characteristics, tasks/evaluation pro-
cedure used, and voice-related changes reported.

Methodological quality appraisal tool and level of

evidence analysis

A methodological quality appraisal tool was developed to suit
the requirements of the current review. The tool was designed
based on previous systematic reviews and guidelines for con-
ducting quality appraisal for studies included in systematic
review.23,24 The scoring was as follows: 0–33.9% = weak, 34–
66.9% = moderate, and 67–100% = strong. The level of evidence
analysis was carried out using the GRADE (Grades of Recom-
mendation, Assessment, Development, and Evaluation Working
Group) approach.25 As per this approach based on the method-
ology used, randomized trials are rated high quality, downgraded
randomized trials or upgraded observational studies are rated as
moderate quality, observational studies are rated low quality, and
case series/case reports are rated as very low quality of evidence.

RESULTS

The search results from all the databases were merged using a
reference management software, and a total of 51 studies were
obtained. Eight duplicates were identified and excluded. The re-
maining 43 titles were screened for eligibility, and of which, 13
satisfied the inclusion criteria. The abstracts of these 13 studies
were reviewed, and 8 were found to be suitable for full-length
review.

The full-length articles were obtained for the eight studies,
and six studies were found to be eligible for the present sys-
tematic review. The remaining two studies were eliminated as
one studied the effect of the menstrual cycle and oral contra-
ception on singing voice, whereas the other was a review paper.
In this manner, six studies were included in the systematic review.
Figure 1 illustrates the PRISMA chart for the systematic pro-
cedure followed. Table 1 shows the characteristics of the studies
included in the systematic review.

The methodological appraisal of the included studies was
carried out using the tool explained in Table 2. The scoring for
the individual items and total scores are as shown in Table 3. It
can be noted that two studies were rated as moderate quality,
whereas four studies were rated as strong quality. All the studies
used observational study design; therefore, as per the GRADE
approach, all the studies were rated as low level of evidence.

DISCUSSION

The present review was undertaken to systematically identify the
existing literature studying the influence of menstrual cycle on
the singing voice. Six studies were identified, which reported
the voice changes across the different stages of the menstrual
cycle. Considering the nuances of conducting randomized clin-
ical trials in such areas of study, the review obtained was limited
to low level of evidence.

The systematic review was performed by keeping no restric-
tion in time limit, using broad search terms, and incorporating
multiple electronic databases. The decision to include regional
database and dissertation repository was largely to cover un-
published yet openly available studies. This was done to include
maximum literature in support of voice changes associated with
the menstrual cycle in female singers irrespective of the singing
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style. This step also ensured the elimination of any publication
or literature selection bias.

Any reviewer bias was eliminated because at each level, two
independent reviewers were involved, and all data extraction
results were compared and discussed. In our present review, we
could identify a large variability among the identified studies.
There were differences noted across the studies in terms of the
type of singing, age ranges, study design, tasks used, and out-
comes measured. The determination of the specific phase of the
menstrual cycle varied across the included studies. Body tem-
perature determination method was applied in two studies to
determine the date of ovulation. Charting of basal body tem-
perature is an old traditionally used method for the determination
of ovulation, although the reliability of this method is incon-
clusive. The remaining four studies relied on the self-report
provided the study participants. None of the included studies in-
corporated the use of hormonal testing to determine the phase
of the menstrual cycle. Ryan and Kenny13 explain the non-
usage of hormonal testing as these tests are expensive and invasive
in nature. Each study used a different approach to investigate
voice changes, and the findings have been discussed.

Findings of laryngeal imaging techniques

Laryngeal imaging techniques such as laryngoscopy,
laryngostroboscopy, or videostrobofiberoscopy were used in three
studies. Chernobelsky26 compared the laryngoscopic and the
laryngostroboscopical findings before and outside menstrua-
tion in singers with vocally abusive behaviors and those in healthy
singers. Outside menstruation, the laryngoscopy in healthy singers
(who acted as controls) revealed normal vocal folds, and the
laryngostroboscopy findings revealed symmetrical, periodic vi-
brations with sufficient vibratory closure, with normal vibratory
amplitudes and mucosal waves. The observation by laryngos-
copy before menses revealed slight edema and erythema of vocal
folds. The laryngostroboscopy revealed symmetrical, periodic
vibration of the vocal folds with sufficient vibratory closure;
however, vibratory amplitudes and mucosal waves were en-
larged. This confirmed decreased tension in the vocal fold muscle.

Chernobelsky8 used laryngostroboscopy to assess laryngeal
muscle tension at different pitches and intensities at different
phases of the menstrual cycle. The parameters used included sym-
metry, periodicity, mucosal waves, amplitudes, and vibratory
closure. Laryngeal hypotonus across different segments of the

FIGURE 1. PRISMA chart for the present systematic review.
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TABLE 1.

Characteristics of Studies Included in the Review

Study Participants Tasks and Analysis Used

Chernobelsky26 Two groups of classical singers:
Group 1—15 vocally abusive singers
Group 2—15 healthy singers

Inclusion criteria:
- Non-smokers
- No intake of oral or intrauterine

contraceptives
- Normal menstrual cycle
- Premusic college singing experience, voice

problems around menstruation

Phonation of vowel /a/ in chest register
Tests:

- Laryngoscopy
- Laryngostroboscopy
- Electroglottography

Chernobelsky8 Two groups:
Group 1—20 classical singers with

professional training
Group 2—20 non-singers

Inclusion criteria:
- Non-smokers
- No intake of oral or intrauterine

contraceptives
- Normal menstrual cycle

Phonation of vowel /a/ in chest register:
- Soft phonation (60–65 dB)
- Loud phonation (85–90 dB)

Tests:
- Laryngostroboscopy
- Electroglottography (EGG)

Ryan and
Kenny13

Phase 1:
A total of 27 singers (6 males as controls and

21 females)
Phase 2:

A total of 6 singers (all females)
Inclusion criteria:

Reported to be most affected by hormonal
fluctuations

Phase 1:
Daily diary of physical symptoms, vocal

quality, and profile of mood states
Female singers—daily temperature

measurement
Phase 2:

Musical task (20 seconds of an aria)
Perceptual rating: 6 experts

Abitbol
et al27

A total of 38 women in age range of 21–40
years:

There were 27 singers, 9 voice teachers, and
2 actors

Dynamic vocal exploration vocal cord smears

Davis and
Davis9

A total of 104 singers
Inclusion criteria:

Participation in singing for 2 years
Minimum high school education

Self-reported questionnaire for 67 general
symptoms and 20 vocal symptoms of
premenstrual syndrome

Regishia28 Two groups of women in age range of 20–27
years (23.5 years):

Group 1—10 trained Carnatic singers
Group 2—10 untrained normal healthy

females

Acoustic measures: phonation of vowels /a/, /i/,
and /u/ using Multidimensional Voice
Program (MDVP) aerodynamic measures:
vital capacity

TABLE 2.

Methodological Quality Appraisal Tool for This Systematic Review

No. Question

Q1 What the research question or objective clearly stated?
Q2 Was the study population clearly specified and defined?
Q3 Were all the subjects selected from the same population?
Q4 Were any inclusion and exclusion criteria for the subjects followed in the study?
Q5 Was a sample size justification provided?
Q6 Were the outcome measures defined clearly?
Q7 Were the outcome assessors blinded to the exposure status?

Notes: Scoring: 0 = no/not reported, 1 = yes.
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cycle was more commonly noted in singers (80%) as com-
pared with non-singers (15%). Additionally, at premenstruation
and during menstruation, hyperemia and slight edema of vocal
folds were noted.

Abitbol et al27 studied 38 women who used their voice pro-
fessionally (singers, voice teachers, and actors). The results of
dynamic vocal exploration at ovulation and premenstrual period
revealed variations across the participants. In five participants,
early vocal nodules with microvarices were noted with normal
mucosal wave at ovulation testing. However, the findings in the
same participants during premenstrual period revealed hoarse-
ness, diminished intensity of wave, and reduced range of singing.
The decrease in the quality of high tones and slight edema was
observed at premenstruation in one participant who had normal
findings at ovulation. However, significant conclusion could not
be derived from this study for the present review, as the find-
ings for singers were not discussed in the study.

These findings in singers are comparable with laryngeal ex-
amination findings in non-singers. Abitbol et al3 performed
televideoendoscopy during premenstrual period; vocal fold con-
gestion, microvarices, edema, and reduced amplitude of mucosal
vibration were described. In the studies incorporating the la-
ryngeal imaging techniques such as laryngoscopy, there is no
clear mention of whether the observers were blinded regarding
the menstrual cycle. In those studies, it is difficult to ascertain
whether there is a possibility of investigator bias.

Electroglottography

Electroglottography (EGG) is a non-invasive procedure that pro-
vides information about the vocal fold closure. Quasi-open
Quotient before menstruation revealed moderate laryngeal hy-
potension as compared with normal tension outside menstruation
in both the studies.8,26 Chernobelsky8 described the decrease of
intrinsic laryngeal muscular tension during the menstrual cycle
in non-singers as well. However, the occurrence in non-singers
is occasional and found especially only premenstruation. Further,
to overcome the hypotension, the singer requires to take added
effort, which could lead to the beginning of a voice problem.
Therefore, the singers should be made aware of this laryngeal
muscle tension during vocal hygiene guidance.

Self-rated measures

Two studies explored the self-reported voice changes among
singers: one used a daily diary method, and the other used a

questionnaire survey design. Ryan and Kenny13 required their
participants to maintain a daily diary and to note down their ob-
servations for physical symptoms, vocal quality changes, and
mood states. A wide range of symptomatology was observed
across the participants. There was no relation between regular
menstrual cycle and oral contraceptive usage with vocal quality
reported on first day of the cycle. Mood state had a stronger effect
on voice compared with oral contraceptive use. More negative
mood was associated with reduced voice quality.

Davis and Davis9 conducted a self-reported survey to esti-
mate the frequency and severity of physical and vocal symptoms
associated with premenstrual syndrome (PMS). Among the phys-
ical symptoms, abdominal bloating was most frequently reported,
and difficulty in singing high notes was the most frequent vocal
symptom. The other vocal symptoms included reduced flexi-
bility, difficulty with high notes, breathy voice, fuzzy voice, husky
voice quality, reduced volume, intonation difficulty, and diffi-
culty bridging passaggio(s).

Çelik et al20 found significant differences between the self-
rated voice handicap index-10 values across the different phases
of the cycle in adult women. However, when observed at each
individual level, variability was observed, which was attrib-
uted to the mood and the overall effect of the menstrual cycle
on the female.

Acoustic measures

Regishia28 compared Multidimensional Voice Program (MDVP)
measures for phonation of vowels /a/, /i/, and /u/ between singers
and non-singers across two phases of the menstrual cycle (fol-
licular and luteal phases). No significant differences in the acoustic
parameters were noted for vowels /a/ and /i/ in both the phases
of the cycle for singers as well as non-singers. In the compar-
ison of analyses of vowel /u/, a significant increase was noted in
non-singers for the parameter amplitude tremor frequency (Fatr)
in phase 2 (luteal phase). The voice quality was found to be better
in singers as compared with non-singers for both the phases. Similar
findings have been reported by a study in non-singers, where no
statistically significant difference was found for any of the MDVP
measures. Chae et al29 compared acoustic analysis findings between
women who were PMS) positive and PMS negative as per the
Diagnostic and Statistical Manual of Mental Disorders. No sig-
nificant differences were noted in any of the acoustic parameters
for all the subjects irrespective of whether they suffered from
PMS or did not. There was a significant increase in the jitter

TABLE 3.

Methodological Quality Appraisal Score for Reviewed Studies

Study ID Q1 Q2 Q3 Q4 Q5 Q6 Q7 Score (%)*

Chernobelsky26 1 1 1 1 0 1 0 71
Chernobelsky8 0 1 1 1 0 1 0 57
Ryan and Kenny13 1 1 1 0 0 1 1 71
Abitbol et al27 1 1 1 1 0 1 0 71
Davis and Davis9 1 1 1 1 0 0 0 57
Regishia28 1 1 1 1 0 1 0 71

* Total score divided by the total number of items multiplied by 100.
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measures for the PMS-positive group during the premenstrual
phase as compared with the follicular phase.

Expert rated/perceptual measures

Ryan and Kenny13 reported heightened self-awareness among
the singers as compared with expert listeners in voice peda-
gogues as the former were better able to identify the timing of
the recording. This finding shows that the singing artist is more
sensitive and critical about her singing voice as compared with
a trained listener. This implies that self-satisfaction about the
singing voice is more difficult to achieve as compared with au-
dience satisfaction. However, in a study in non-singers, expert
rating using Grade, Roughness, Breathiness, Asthenia and Strain
(GRBAS) rating scale was significantly different across differ-
ent stages of the menstrual cycle. These differences could be
attributed to higher expectations and demands placed by singers
on their voice quality as compared with non-singers.

Aerodynamic measures

Vital capacity was better in phase 2 (postmenstrual stage) as com-
pared with that in phase 1 (premenstrual stage) in both singers
and non-singers. In phase 1, for singers, the vital capacity was
lower as compared with that in non-singers. However, due to
limited sample size, the results were not statistically signifi-
cant and thus questions the applicability of the findings.28 Abitbol
et al3 have also reported of reduction in pulmonary power during
the premenstrual period. However, Çelik et al20 reported no sig-
nificant differences in maximum phonation time and s/z ratio
values across the different phases of the menstrual cycle.

Cytological smear findings

The presence of several sex hormone receptors on the vocal folds
makes larynx a hormone target organ. The levels of these hor-
mones have a major influence on its morphology, histology, and
function, similar to their effect on genitals and other organs in
humans.30–32 Cytological smear studies provide valuable infor-
mation about these cellular changes in the vocal folds. Studies
have reported of an amazing parallelism between cervical smear
and vocal fold smear tests during both the menstrual cycle and
the menopause stage. Further, histological changes in the larynx
during the menstrual cycle are found to be a replica of the cycle

changes in the endometrium.3 Davids and Roman24 report that
in singers with no premenstrual symptoms, cytology findings re-
vealed a predominance of superficial eosinophilic and intermediate
cells. The navicular cells were relatively numerous, whereas im-
pregnation hormone levels were normal. Luteal insufficiency was
noted in singers who presented with PMS with no predomi-
nance of superficial eosinophilic and intermediate cells. Therefore,
it becomes important to consider these subtle changes, which
may have an impact on the voice production in singers.

Limitations and further recommendations

The present review was limited to studies published in the English
language, leading to missing out literature from other lan-
guages. Further, only those studies that considered menstrual cycle
changes were included. Effect of pubertal and menopausal
changes on the singing voice have not been included during the
process of this systematic review. Studies focusing on the effect
of oral contraceptive pills on the hormonal levels and subse-
quent voice changes were also not included. The included studies
had some limitations such as small sample size, variable phase
of the menstrual cycle, study design, variability in singing styles,
age ranges, and voice outcomes used. These multiple inconsis-
tencies weaken the available evidence. There is a need to carry
out studies involving a larger sample of singers using random-
ized controlled trials to better identify these menstrual changes
and their effects on the singing voice. This valuable informa-
tion can be effectively used in the assessment, counseling, and
management of professional and non-professional singers.

CONCLUSION

Studies have been carried out exploring the influence of
menstrual cycle on the voice in singers. The studies used
different measures such as laryngeal imaging, acoustic, self-
reported, perceptual, aerodynamic, and cytological smears to
study these menstrual cycle-related changes in singers. The
studies identified through this review throw light on the voice
changes observed and reported in singers during the menstrual
cycle. This review highlights the need to have a comprehen-
sive voice assessment procedure for singers, which also takes
into account the menstrual phase as it may have an influence
on the voice measures.
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APPENDIX

Search strategy for PubMed:
((((menstrua* OR menses)) AND (voice OR voice change))

AND (sing*) AND English[lang]
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