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Summary: Voice complaints associated with menopause have been reported by a substantial number of studies.
However, to assess the clinical relevance of menopause to voice is still difficult as the extent to which menopausal
symptoms are reflected on voice metrics remains unclear. A comprehensive review and meta-analysis were carried
out to identify voice-related metrics that change with menopause and to quantify the magnitude of those changes.
Academic Search Premier, Medline, SciELO, Scopus, PubMed, and Web of Science were searched without
restriction of publication year until January 2020. Cross-sectional studies comparing voice-related metrics
between pre- and post-menopausal women were included. Studies assessing effects of hormonal-replacement ther-
apy were excluded. Datasets with more than one publication were also disregarded. Methodological quality of
included studies was assessed applying the Newcastle-Ottawa Scale for cross-sectional studies. Given the hetero-
geneous nature of the primary studies, random-effects models were applied to pool the estimates. Eight articles
were considered eligible for meta-analyses, assessing the effects of menopause on 6 voice metrics: mean funda-
mental frequency (f,), extracted from (1) speech and (2) from sustained vowel /a/; frequency perturbation meas-
ures (3) jitter, (4) shimmer and (5) noise-to-harmonics ratio; and (6) maximum phonation time. Both speech
fundamental frequency and £, for sustained vowel /a/ were found to be 0.94 and 1.18 semitones lower in post- as
compared to pre-menopausal women, respectively. Although significant, the magnitude of these decreases is
below the just noticeable interval difference and well above the cutting point for distinguishing female from male
voices. No significant differences were found for jitter, shimmer, noise-to-harmonics ratio, and maximum phona-
tion time. The evaluation of acoustic metrics that reflect a single aspect of voice production at a time may conceal
the effects of hormonal shifts during menopause. In addition, several variables interplay during voice production
and acoustical measures may constitute weak predictors of vocal folds’ status, where changes associated to sex

steroid hormones are most likely to occur.

Key Words: Sex steroid hormones—Menopause—Voice-related metrics—Meta-analysis.

INTRODUCTION
Sex steroid hormones - estrogens (E), progesterone (P), and
testosterone (T) - are crucial to the definition of sex-specific
physical characteristics. These same hormones are also impli-
cated on the development of sex-dependent voice characteris-
tics. Different sizes between male and female’s lungs, vocal
folds, laryngeal cartilages and vocal tracts, triggered by the
production of sex steroid hormones at puberty,' > add to the
growing body of evidence that substantiate the voice as an
organ of sex hormonal influence.” Due to the complexity of
the female’s endocrine reproductive system, the female voice
is notoriously more affected by variations in sex hormones
across lifespan. Besides puberty, the female voice may change
in response to the sex steroid hormonal variations across the
menstrual cycle.” ” Such response is attenuated when the
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cyclical hormonal fluctuations during the menstrual cycle are
dampened as, for example, during the use of oral contracep-
tive pills.'”"'* Significant hormonal shifts are also experi-
enced at the end of a female’s reproductive life, starting at
menopause.'” Once again, changes in sex steroid hormonal
concentrations seem to be associated with vocal symp-
toms.”*'® It is expected that, with increasing numbers of lon-
ger-lived population, a greater number of menopausal
women would seek for maintaining high levels of effective
communication skills, notwithstanding vocal disturbances
that may be associated with it. Thus, the current investigation
focuses on the female voice and on how and much it changes
with respect to menopause.

Menopause is defined as the last episode of menstrual
bleeding (without pathology or a surgery).'” It usually occurs
around 51 years old, with 3 to 4 years interval deviation.'”'®
Until then, menstrual cycles become increasingly irregular
and unpredictable. This stage of menopausal transition - peri-
menopause or climacterium - is characterized by significant
changes in concentrations of sex steroid hormones. '’

The significant increase in concentrations of gonadotro-
pins (ie, follicle stimulating hormone and luteinizing hor-
mone) during climacterium leads to a reduction in serum
concentrations of all three sex steroid hormones, but at dif-
ferent rates. Serum concentrations of E (the most common
estrogen), fall approximately 72 %, whereas concentrations
of P and T decrease about 63 % and 22 %, respectively.”’
The markedly higher decrease in concentrations of both E
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and P as compared to T has consequences in the female
body, the larynx being no exception.”!

A possible explanation on how T could affect the female
voice during climacterium concerns the upsurge of sex-ste-
roid hormone receptors in the mucosa of the vocal folds
that became free to connect to T (instead of E or P). Recep-
tors for sex steroid hormones have been identified in several
subunits of the vocal folds,”” ** despite previous failed
attempts to prove their existence.” In both female and male
vocal folds, receptors for E and androgens (among which, T
is the most common) seem to be more abundant.”® Hypoth-
esizing that the distribution of these receptors remain con-
stant during climacteric years, the greater fall in
concentrations of E and P as compared to T leave the recep-
tors that were to be specifically connected to E and P free to
bound to a similar hormone that became more abundant
(ie, T). In addition, a rise in free T is also possible during cli-
macterium, as the decreased concentrations of E have been
associated with a reduction in sex hormone binding globu-
lin.”” Both phenomena will account for an enhanced effect
of T on female laryngeal tissues. However, if T concentra-
tions seem to influence males f, continuously during adult
years,””’ for female voices, such effect is still debated. If
some studies have found that an increase in concentrations
of T through life causes a lowering of £, in women,”” others
have failed to replicate such findings.”**’ Similarly, contro-
versy is found with respect to the impacts of T on acoustical
properties of the voice during menopause, despite reports of
perceived vocal changes among professional and nonprofes-
sional female voice users.'*!

A second possible explanation for the effects of sex-steroid
hormonal shifts at menopause on voice concerns changes
observed in vocal folds mucosa. Histological similarities
between the mucosa of the vocal folds and the mucosa that
covers the cervix (ie, the neck of the uterus), have been found.
More specifically, the percentage of cells that constitute the
mucosa of female vocal folds change cyclically with phases of
the menstrual cycle, mimicking the changes found in the cer-
vical mucosa in response to variations in sex steroid hor-
mones during the menstrual cycle. In male vocal folds,
mucosal changes are not observed: the percentage of cells
that constitute vocal folds mucosa remain constant through-
out the whole month.*** Changes in vocal folds observed
during the menstrual cycle, which have been related to men-
strual vocal symptoms,**” seem to be even more notorious
during climacterium.”’ The similarity between epithelial
smears of both vagina and larynx during menopause is such
that a distinction between them is almost impossible in about
90% of menopausal women not using hormonal replacement
therapy (HRT).”' During menopause, both vocal folds and
vaginal mucosae present signs of cell degeneration and weak-
ness. These may well contribute to the reported menopausal
vocal and gynecological symptoms.** However, it is worth
mentioning that there is a great inter-subject variability
among these observations.™ Thus, the extent to which female
larynxes may change with sex steroid hormones during cli-
macterium seems to be highly individual.”’

Besides this great intra-subject variability, it is also
unclear how changes in vocal fold’s mucosa during meno-
pause may be reflected on acoustical properties of the voice.
Mendes-Laureano and associates (2006) compared f, of sus-
tained vowels (/i/ and /e/) between pre- and post-menopausal
women, the latter group divided into HRT users and non-
users.”* Comparisons of harmonics-to-noise ratio (HNR)
were also made. No significant differences between groups
were found for both f, and HNR. Additionally, no changes
in the vocal folds were observed when video laryngoscopies
were made. Meurer et al (2004) also compared pre- and
post-menopausal voices, looking at f,, intensity, formants,
and verbal diadochokinesis.”” No significant differences
between the two groups could be found for any of these
parameters. Contrary to these studies, others have found a
relationship between menopause and changes in the acousti-
cal properties of the voice.”® Lindholm et al (1997) found a
reduction in mean f, and in sound pressure level (SPL) for
sustained vowels for post- as compared to pre-menopausal
voices.”’ These findings were further corroborated by Lin-
ville’s study (1987) and D’haeseleer (2011), which reported
a lowering of speaking fundamental frequency (SFF) in
post- as compared to pre-menopausal voices.”’ D’haeseleer
et al (2012) also found differences in SFF between these two
groups. The magnitude of these changes was around 14 Hz
for non HRT users and 13 Hz for HRT users.*® Post-meno-
pausal women with a high body mass index (BMI) also
seem to reveal a nonsignificant decrease in SFF when com-
pared with pre-menopausal women. The authors speculated
that this was because reduced concentrations of E are miti-
gated when BMI values are high.*”*"

The type of vocal symptom reported to be associated with
menopause and its prevalence are also variable. Elite profes-
sional voice users, such as singers, report to lose high notes
and complaint about huskiness, reduced suppleness of the
vocal folds and timbral changes during menopause.'® These
type of voice changes were reported by 77 % of singers.'®
However, the response rate to this questionnaire was rather
low (18 %), which in turn may well have contributed to an
overestimation of the prevalence of vocal distress associated
with menopause.'®*! In non-singers, complaints of meno-
pause-related vocal changes also exist. Decreased pitch
range, lowering of speaking voice, vocal fatigue, difficulties
with vocal control, lack of intensity and hoarseness, have
been some of the most commonly reported perceived
symptoms.******> Once again, the prevalence of different
complaints is quite varied. Dysphonia has been reported to
affect about 17 % of menopausal women,® whereas vocal
changes and vocal discomfort have been reported to affect
about 46 % and 33 %, respectively.”’ Video laryngoscopic
and stroboscopic observations of the vocal folds revealed at
least one of the following cases: mucosal viscosity, mucosal
swelling, Reinke’s edema, or edema of the free vibrating
edges of the vocal folds. Similar observations could not be
found when observing the vocal folds of menopausal
women who had no history of menopausal-related voice
complaints.*’
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The controversial and incomplete nature of these previous
reports substantiates further research on effects of meno-
pause on the voice. Here, a systematic review and meta-
analyses are proposed to: 1) identify studies inspecting men-
opause-related voice characteristics; 2) categorize voice-
related metrics that change with menopause; and 3) investi-
gate the magnitude of menopausal changes for each voice-
related metric.

METHODS

Data Sources and Searches

Studies included in the systematic literature review and in the
meta-analyses were identified by conducting an electronic
search in bibliographic databases which cover the interdisci-
plinary nature of menopause-related voice characteristics:
PubMed, Web of Science, Scopus, Academic Search Com-
plete, Medline, and Scielo. The bibliographic search was per-
formed without restriction of year of publication, from
November 1, 2019 up to January 1, 2020. A combination of
the following keywords was used: “voice and menopause”,

EERNTS

“voice and climacterium”, “voice quality and menopause”,
“dysphonia and menopause”, “effects of menopause on the
voice”, “fundamental frequency and menopause”, and

“acoustic voice characteristics and menopause”.

Eligible Criteria
Studies were selected based on the following inclusive criteria:
1) to be a full article published in English in a peer-reviewed
journal; 2) to contain detailed information on main attributes
of the study, namely participants’ characteristics (eg, age,
reproductive stage), sample size, study design, and voice-
related metrics; 3) to be a cross-sectional study. Cross-sec-
tional studies that assessed the effects of HRT were excluded,
except when results for both pre- and post-menopausal non
HRT users were also provided; 4) to report mean and stan-
dard deviations for comparable voice metrics (ie, obtained
from similar methods of data acquisition and analysis).
Studies meeting the above criteria were included for fur-
ther analysis. If information on mean standard deviations
and p values of specific voice metrics were missing, an email
was sent to the corresponding author asking for clarifica-
tions. Studies with more than one article published on the
same dataset were excluded, unless data concerned voice
metrics that have not yet been reported. Studies reporting
video stroboscopic observations of the vocal folds, voice
symptoms obtained from nonvalidated questionnaires, case
reports, case-control studies, guidelines, reviews, and letters
to the editor were also excluded.

Data Extraction and Synthesis

An independent search for references was carried out by
both authors. Titles and abstracts were first screened for rel-
evance as to what concerns the menopause. Non-related
works were immediately excluded. From the remaining
studies, those who were duplicates were eliminated.

Relevant information was summarized in an excel sheet for
all considered studies, with respect to: (i) sample characteris-
tics; (i) study design; (iii) vocal tasks; (iv) methods of data
analysis; (V) voice metrics; and (vi) results and their statisti-
cal relevance.

Methodological Quality

The methodological quality of the included studies was
assessed using a set of criteria previously established in an
adaptation of the Newcastle-Ottawa Scale for assessing
quality of cross-sectional studies.**

Statistical Analyses

In order to investigate the existence and the magnitude of
voice-related menopausal changes, a meta-analysis was per-
formed for each of the voice-related metrics, compared
between pre- and post-menopausal women. This was possi-
ble only when the same voice metric was assessed in three or
more studies. The effect size used was the standardized
mean difference defined as the difference between the two
means divided by a pool within-group standard deviation.*°
A random-effects model was chosen, the rationale being
two-fold: 1) the small number of primary studies; and 2)
being a more realistic model than the fixed-effects model for
most scenarios.*®*” Heterogeneity among size effects was
tested using the Cochran’s Q statistic*” and quantified
through the I? index.*® Statistical analyses were carried out
using the metaphor package in R.*

RESULTS

Identification of Studies and Voice Metrics

About 1430 references were found during the initial search
in the selected electronic databases. After inspection of their
titles and abstracts, 1217 studies were excluded as they were
not directly related to the effects of menopause on vocal
characteristics. Thus, only 213 references were left for fur-
ther scrutiny. A total of 117 found to be duplicates and
therefore excluded. From the remaining 96 studies, 78 failed
to meet the inclusive criteria and where disregarded. The 18
studies that remained were analyzed with respect to sample
size and characteristics, methods for data collection and
analysis. Table 1 represents a summary of these studies, with
respect to: (i) study identification; (ii) sample characteristics;
(i) data collection; (iv) data analysis; (iv) main outcomes.
Based on this information, a further screening was made to
assess inclusion/ exclusion from meta-analyses.

As the same voice measurement could be reported by sev-
eral studies, and a minimum of three studies were required
for selecting a given voice metric to be meta-analyzed, stud-
ies were organized according to the voice metric assessed.
Twenty eight types of voice measurements were found, as
summarized in Figure 1. Twenty of them concerned acousti-
cal properties of the voice; three were related to aspects of
voice production, such as phonatory-breathing capacity and
glottal parameters; three assessed prevalence of self-



TABLE 1.

Summary of the Main Attributes of Studies Scrutinized for Possible Meta-Analysis Inclusion

Study identification Sample characteristics

Data collection

Data analysis

Main outcomes

Menopausal non hormonal
replacement therapy (HRT)
users (n = 34; mean age 53.5
+ 5.57); Menopausal HRT
users (n =19; mean age 53 +
6).

Hamdan et al,
2018. JVoice®°®

Pre-menopausal (n = 35; mean
age 46.69 + 5.97); Post-meno-
pausal (n = 34; mean age 53.5
+ 5.57) women. Latter group
divided into low and high
body mass index (BMI).

Hamdan et al
2017. JMM.®’

Basilio et al
2016. CEFAC*?

Pre-menopausal women
(n=21; mean age 42.47);
Post-menopausal (n =21;
mean age 53.6) non HRT
users.

D’haeseleer et al,
2014. Folia Phoniat
Logop*°

Pre-menopausal women with
low and high BMI (n = 22,
mean age 48.5 + 2.3, n=13;
mean age 48.1 £+ 2.3, respec-
tively); Post-menopausal non
HRT users with low and high
BMI (n = 28; mean age 58.5 +
5.5, n=12; mean age 59.4 +
5.4, respectively); Post-meno-
pausal HRT users with low
and high BMI (n = 35, mean
age 57.5 +5; n=19, mean
age 56.7 & 4.1, respectively).

Audio recordings of (i) a sus-
tained vowel /a/ at comfort-
able pitch and loudness and
(ii) a count to 10, using Visi-
Pitch IV (by Pentax) and
microphone at 10 cm from
mouth. Self-reports: (i) symp-
toms questionnaire; (ii) voice
handicap index, short (VHI-
10).

Audio recordings of (i) sus-
tained vowel /a/ at comfort-
able pitch and loudness and
(ii) a count to 10, using a
microphone placed at 10 cm
from the mouth and real-time
pitch module in VisiPitch IV.
Self-reports: (i) symptoms
questionnaire; (ii) VHI-10.

Self-reports: (i) Voice Scale
Symptom (VoiSS); (ii) voice
handicap index (VHI); (iii)
Voice-related quality of life
questionnaire (V-RQol)

Audio recordings of a reading
text at a habitual pitch and
loudness using Computer-
ized Speech Lab (Kay
Elemetrics).

Acoustic: (i) mean fundamental Acoustic: habitual pitch and jit-

frequency (f,); (ii) habitual
pitch; (iii) shimmer; (iv) rela-
tive average perturbation; (v)
HNR; (vi) VTI. Self-reports: (i)
symptoms prevalence; (ii)
VHI-10 mean scores.

Acoustic: (i) f,; (ii) habitual
pitch; (iii) shimmer; (iv) rela-
tive average perturbation; (v)
harmonics-to-noise ratio
(HNR); (vi) voice turbulent
index (VTI); Self-reports: (i)
symptoms prevalence; (ii)
VHI-10 mean scores.

Total summation of scores for

both VoiSS and VHI. Algorith-

mic calculation of scores for
V-RQol.

Acoustic: SFF. Body mass
index (BMI)

ter higher for HRT users as
compared to non HRT users.
No differences between
groups for all remaining
parameters.

Self-reports: higher vocal
fatigue and throat dryness in
post- as compared to pre-
menopause. No differences
between groups for remain-
ing parameters.

Lower total score in VoiSS for
post-as compared to pre-
menopause. Higher func-
tional VHI score for post- as
compared to pre-menopause.
Lower socio-emotional V-
RQoL score for post- as com-
pared to pre-menopause.

Only low BMI and non HRT
users’ groups presented dif-
ferences between pre- and
post-menopause: SFF was
low in post-menopausal as
compared to pre-menopause

(Continued)
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TABLE 1. (Continued)

Study identification Sample characteristics

Data collection

Data analysis

Main outcomes

Ferraz et al,
2013. JVoice®?

Pre-menopausal women
(n =43; mean age 29.1 4+ 8.5);
Post-menopausal (n = 63;
mean age 64.3 &+ 9.4) non
HRT users.

D’haeseleer et al., 2012. Post-menopausal HRT users

JVoice®® (n=59; mean age 57.6+4.5);
Post-menopausal non HRT
users (n=46; mean age 58.5+
5.1).

D’haeseleer Pre-menopausal women

et al, 2012. LPV®3 (n = 42; mean age 48 + 2.3);
Post-menopause non HRT
users (n =42; mean age 59 +
4.8); Post-menopausal

women using sequential HRT

Audio recordings of (i) a sus-

tained vowel /a/ in habitual
loudness and pitch and (ii)
consonants /s/ and /z/ using
an unidirectional micro-
phone, a computer sound
card and modules "voice
quality" and "voice analysis
from VoxMetria 2.7h soft-
ware. Self-reports: V-RQoL.
Perceptual evaluations: (i)
self-reported quality assess-
ment; (ii) GRBASI.

"

Audio recordings of (i) a sus-

tained vowel /a/ in habitual
pitch and loudness after a
maximal inspiration, minimal
pitch (Fjow), minimal intensity
(liow), maximal pitch (Fpigh)
and maximal intensity (lnign);
and (ii) reading text using the
Multidimensional Voice Pro-
gram from CSL (Kay Eleme-
trics). Perceptual evaluations:
(i) GRBASI; (ii) VHI. Video-
stroboscopic evaluation.

Audio recordings of (i) sus-

tained vowels /a, i, u/, (ii) con-
sonant /m/ at habitual pitch
and loudness, (iii) three read-
ing texts with different
degrees of nasalization

Acoustic: (i) mean f,; (ii) f,
mode; (iii) minimum £, (iv)
maximum f,; and (v) f, varia-
tion. Phonatory: (i) maximum
phonation time (MPT) of sus-
tained consonants /s/ and /z/
and the vowel /a/, measured
with stopwatch as the mean
of 3 consecutive moments;
(ii) glottal-to-noise excitation
ratio (GNE). Self-reports: total
scores. Perceptual: (i) occur-
rence; (ii) distribution of the
mode of GRBASI parameters.

Acoustic: (i) dysphonia severity
index (DSI); (ii) voice range
profile; (iii) mean f,; (iv) f,
variation ; (v) f,-tremor inten-
sity index (Fy;); (vi) amplitude
tremor intensity (Ay); (vii) jit-
ter; (viii) shimmer; (ix) HNR;
(x) speaking fundamental fre-
qguency (SFF). Phonatory:
Mean of three repetitions of
(i) MPT with a chronometer
while sustaining the vowel /a/
in comfortable pitch and
loudness; (ii) vital capacity
(VC) using a spirometer; and
(iii) phonation
quotient = MPT/VC.

Nasal resonance scores (%):
ratio of nasal to nasal plus
oral acoustic energy multi-
plied by 100.

Acoustic: mean f,, mode, and
maximum and minimum f,
lower and f, variation and
standard variation higher for
post- group as compared to
pre-menopause . Phonatory:
lower MPT in consonant /s/
for post-as compared to pre-
menopause. No differences
in GNE between groups. Self-
reports: higher occurrence of
pleasant, low pitched and
rough for post- as compared
to pre-menopause. No differ-
ences in total and itemized
VoQL scores. Perceptual:
mild degree of roughness,
strain and instability in both
post- and pre-menopausal
groups.

Lower minimum f, and SFF for
HRT users as compared to
non-users. No significant dif-
ferences between groups for
remaining parameters.

No differences between
groups for all isolated sounds
and three reading texts.

(Continued)
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TABLE 1. (Continued)

Study identification

Sample characteristics

Data collection

Data analysis

Main outcomes

D’haeseleer et al,
2011. Menopause®®

D’haeseleer et al,
2011. Menopause®*

D’haeseleer et al,
2011. JVoice®®

(n=63; mean age 57 + 5.4);
Post-menopausal with estro-
gen only hormonal therapy
(ET) (n =20; mean age 58 +
4.2); Post-menopausal with a
combination of estrogen and
progesterone therapy (E-PT)
(n=43; mean age 57 + 5.1).
Pre-menopausal women
(n=41; mean age 48.1, 45-
54); Post-menopausal non
HRT users (n = 26;mean age
55.5, 50-59); Post-meno-
pausal HRT users (n = 38;
mean age 54.8, 44-59).
Pre-menopausal women
(n =34; mean age 48; 45-54);
Post-menopause non HRT
users (n = 38; mean age 58,
50-69).

Pre-menopause young group
(n=22; mean age 22, range
20-28); Pre-menopause mid-
dle age group (n = 22; mean
age 48, range 46-52).

(oronasal, oral, nasal texts)
using a nasometer.

text (at a habitual pitch and
loudness using Computer-
ized Speech Lab (Kay
Elemetrics).

Audio recordings of (i) sus-

tained vowel /a/ as long as
possible at habitual pitch and
loudness, (ii) sustained vowel
/al for 2 seconds at habitual
pitch, minimal pitch (Fjow)
and maximal pitch (Fpigh)
with minimal (I,i,) and maxi-
mal intensity (lax), and (iii)
reading a text using multi-
dimensional voice program
and real-time pitch program
from CSL and electroglotto-
graph (EGG) (Kay Eleme-
trics). Self-reports: VHI.
Perceptual evaluations: (i)
GRBASI; (ii) videostrobo-
scopic evaluations.

Audio recordings of (i) a sus-

tained vowel /a/ in habitual
loudness and pitch, (ii) sus-
tained vowel /a/ for 2 seconds
at habitual pitch, minimal
(Fiow) and maximal pitch
(Fhign) with minimal (I nin) and
maximal intensity (Iax), and
(iii) reading a text using

Audio recordings of a reading Acoustic: SFF of a standard.

BMI measurements.

f,; (ii) highest and lowest
intensity; (iii) men f,; (iv) f,
variation; (v) Fyq; (Vi) Ag; (Vii)
jitter; (viii) shimmer; (ix) NHR;
(x) SFF; (xi) EGG open quo-
tient (OQ) measured in sus-
tained vowel /a/; (xii)
dysphonia severity index
(DSI). Phonatory: (i) MPT
measured with a chronome-
ter; (ii) vital capacity (VC) with
a dry spirometer; (iii) phona-
tion quotient (PQ) as the ratio
of VC to MPT. Self-reports: (i)
mean VHI scores. Perceptual
evaluations: (i) mean of
GRBASI scores; (ii)
prevalence.

Acoustic: (i) Fhigh and Fiow; (ii)

Imin @and lmayx; (iii) mean f; (iv)
f, variation; (v) Fyi; (Vi) Ai;
(vii) jitter; (viii) shimmer; (ix)
NHR; (x) SFF; (xi) EGG open
quotient (OQ) measured in
sustained vowel /a/; (xii) dys-
phonia severity index (DSI).
Phonatory: (i) MPT measured

Positive correlation between
BMI and SFF for post-meno-
pausal women non HRT
users.

Acoustic: (i) highest and lowest Acoustic: lower VC, PQ, Fiow

and SFF for post- as com-
pared to pre-menopause.
Higher f, variation, Fy; and
Ay for post- as compared to
pre-menopause. Perceptual:
higher roughness and strain
and lower breathiness for
post- as compared to pre-
menopause. No differences
between groups for remain-
ing parameters.

Acoustic: lower Fiow, Fhigh and
Imax for pre-middle age as
compared to the pre-younger
age group. Lower average f,
and SFF for pre- middle age
as compared to pre-younger
group. Phonatory: soft pho-
nation index higher in pre-
middle age as compared to

(Continued)
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TABLE 1. (Continued)

Study identification

Sample characteristics

Data collection

Data analysis

Main outcomes

Sovani & Mukunan,
2010. SAJCD®®

Raj et al, 2010. JVoice®®

Mendes-Laureano
et al, 2009. JVoice®’

Mendes-Laureano
et al, 2006. Maturitas®*

Pre-menopausal women
(n=52; mean age 30-35);
Post-menopausal (n = 40;
minimum age 45 and 1-5 yrs.
since menopause) non HRT
users. Women were divided
into level Il (teachers) and
level IV (clerks) professional
voice users.

Pre-menopausal women
(n =35; age 20-30); Post-men-
opause (n = 20; with more
than 5 years of menopause)
non HRT users.

Pre-menopausal women
(n=15; mean age 30.3, range
20-40); Pre-menopause non
HRT users (n = 15, mean age
56.5, range 45-60); Pre-meno-
pause HRT users (n = 15;
mean age 54.5, range 45-60).

Pre-menopausal women
(n=15; mean age 30.3, range
20-40); Pre-menopause non
HRT users (n = 15, mean age
56.5, range 45-60); Pre-meno-
pause HRT users (n = 15;
mean age 54.5, range 45-60).

multi-dimensional voice pro-
gram, real-time pitch pro-
gram from CSL and Voice
Range Profile (VRP) (Kay
Elemetrics).

Audio recordings of (i) sus-
tained vowels /a, i u/ at com-
fortable pitch and loudness,
(ii) first 3 lines of reading text
and (iii) spontaneous speech
using Sony ICD-P620 digital
voice recorder and Multidi-
mensional voice profile from
VisiPitch Ill software. Phona-
tory: sustain vowel /a/ and
consonants /s/ and /z/ as long

as possible. Self-reports: VHI.

Audio recordings of five
phrases using a speech
recorder and VAUGHMI
software.

with a chronometer; (ii) vital
capacity (VC) with a dry spi-
rometer; (iii) phonation quo-
tient (PQ) as the ratio of VC to
MPT. Self-reports: (i) mean
VHI scores. Perceptual evalu-
ations: (i) mean of GRBASI
scores; (ii) prevalence.

Acoustical: (i) mean f; (ii) rela-

tive average perturbation
(RAP); (iii) noise-to-harmonic
ratio (NHR); (iv) shimmer; (v)
VTI; (vi) SFF (for both reading
and spontaneous speech).
Phonatory: MPT. Self-reports:
total and subscales of VHI.

Acoustic: (i) fo; (ii) frequency

range (FR); (iii) optimal fo; (iv)
HNR; (v) nasalence; (vi) jitter;
(ix) shimmer Phonatory: (i)
ratio between phonation time
of /s/ and /z/ (S/Z); (ii) maxi-
mum phonation duration
(MPD).

Audio recordings of sustained Acoustic: (i) jitter; and (ii)

vowels /e/ and /i/ at habitual
pitch and intensity, using a
dynamic unidirectional
microphone at 4 cm from the
mouth and Dr. Speech.

shimmer.

Audio recordings of sustained Acoustic: mean fo

vowels /e/ and /i/ at habitual
pitch and intensity, using a
dynamic unidirectional
microphone at 4 cm from the
mouth and Dr. Speech.

pre-younger age group. No
differences between groups
for remaining parameters.

Acoustic: f, and SFF for both

reading and spontaneous
speech lower and both NHR
and VTI higher for post-men-
opause as compared to pre-
menopause. Self-reports:
lower VHI scores in post-
menopause as compared to
pre-menopause. No differen-
ces between groups for
remaining parameters.

Acoustic: lower fo, FR and MPD

for post- as compared to pre-
menopause. Phonatory: S/Z
higher for post- as compared
to pre-menopause. No differ-
ences between groups for
remaining parameters.

No differences between

groups for all parameters.

No differences between

groups. Differences between
vowels for all groups.

(Continued)
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TABLE 1. (Continued)

Study identification

Sample characteristics

Data collection

Data analysis

Main outcomes

Meurer et al,
2004. JVoice®®

Meurer et al,
2004. Maturitas®’

Lindholm et al,
1997. Maturitas®’

Pre-menopausal women
(n =45; mean age 35.61 +
3.25); Post-menopausal non
HRT users (n = 45; mean age
62 + 7.42).

Pre-menopausal women
(n=45; mean age 35.61 +
3.25) + Post-menopausal
women (n = 45; mean age 62
+ 7.42).

Menopausal non HRT users
(n=13); Menopausal E-HRT
users (n = 14); Menopausal
EP-HRT users (n = 15).

Audio recordings of (i) sus-
tained vowel /a/ for 1.5.sec-
onds, (ii) five repetitions of
vowel combination /iu/ and
(iii) five productions of the
diadochokinesis (DDK) /pa ta
ka/ using a digital tape
recorder minidisc with polar
and unidirectional micro-
phone at 10 cm from the
mouth and CSL by Kay
Elemetrics.

Audio recordings of (i) mean-
ingful and (ii) meaningless
phrases, produced with six
intonation variations - neu-
tral, exclamation, interroga-
tive, angry sadness and
happiness - using a digital
tape recorder minidisc with
polar and unidirectional
microphone at 10 cm from
the mouth and CSL by Kay
Elemetrics.

Acoustic: (a) for the sustained Acoustic: higher f, variation for

vowel /a/: (i) mean f;; (ii) low-
est f, (Fiow); (iii) highest f,

(Fi); (iv) f, standard deviation

(f, variation); (v) pitch; (b) for
the combination /iu/: (i) sec-
ond formant frequency (F2);
(ii) magnitude of F2 variation
(F2magn); (iii) minimum F2
(F2min); (iv) maximum for-
mant (F2max). For speech
DKK: (i) rhythm pattern; (ii)
speed; (iii) variation; (iv)
intensity.

Acoustic: (i) SFF; (ii) pitch; (iii)
f, maximum; (iv) f, mini-
mum; (v) f, standard
deviation.

post- as compared to pre-
menopause. No differences
between groups were found
in remaining parameters.

Lower SFF in interrogative,
exclamative and happy pro-
ductions of meaningful
phrase for post- as compared
to pre-menopause. Higher
pitch in interrogative, excla-
mative and happy produc-
tions for post- as compared
to pre-menopause. Lower f,
minimum in exclamative, sad
and happy productions for
post- as compared with pre-
menopause. No differences
found in remaining
parameters.

Audio recordings of (i) sponta- Acoustic: (i) mean f,; (ii) mean Acoustic: menopausal non

neous speech, (ii) reading a
text, (iii) sustained vowel /a/
and (iv) five repetitions of
/paappa/ syllables using com-
fortable level, loud level and
whispering level using a digi-
tal recorder and a measure-
ment microphone at 30 cm
from the mouth. Self-reports:
(i) questionnaire assessing
subjective symptoms.

SPL. Self-reports: total occur-
rence of each subjective
symptom.

HRT users presented the
highest decrease in f, for
spontaneous speech and
reading when compared to
the other groups. Meno-
pausal non HRT users pre-
sented the highest decrease
in SPL for spontaneous
speech, reading and normal
phonation when compared
with the other two groups.
Self-reports: negative
changes in self-assessments

(Continued)
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S .; o > : = reported symptoms by means of validated questionnaires;
S G S E = £3 .0 . . .
£8 05355082 OS0ET and two were focused on aspects of voice perception with
£5cToog2E253_*o58 clinical relevance
glec 26880538 Ema . : S . .
glox EwhE S50 cEalR 2oy Despite the great number of acoustic voice metrics found in
Slecd T uu:": c%'g :"3 5 28E - § g = these studies, not all could be considered for a meta-analysis
§ g 2 _g |f i 5505 o % % g gg o % because of: (1) compared groups failed to include pre- and post-
cl2goxrgesesE 8s gk 5258 o menopausal women, the latter being non HRT users; (2) methods
5182853220585382325237%9 f data extracti t ble for all metrics; (3) metri
S|33owgs2.,8828c858° of data extraction were not comparable for a mencs,()me.ncs
o9 g §o>c2%5=c2 E €852 assessed in a comparable way were not assessed by a sufficient
.g' g b ‘E g g S _g _’g 292 g s S E number of studies to allow a meta-analysis (ie, minimum of three
® o —o==w00° studies). For example, from the 10 studies assessing mean f;, from
. a sustained vowel, only five used the same sustained vowel (in
g °% this case, the vowel /a/). The same applied for jitter: one study
525 reported values for the vowels /i/ and /e/ °” and thus could not be
® =38 'g included in the meta-analysis. The metric HNR was also
2 %S 32 > extracted from different vocal tasks, leaving an insufficient num-
= . o o
e % § T © ber of studies to allow for a meta-analysis. In addition, from the
@ = . . .
E =B S eight studies found to extract mean f, from speech (SFF), only
3 Se=E qc°3 four have used the same vocal task for that extraction, ie, reading
e a text. The other studies reported to extract SFF from reading
3 § § € one phrase or from spontaneous speech. Metrics such as voice
§ ST & turbulent index (VTI) and relative average perturbation also
could not be included in the meta-analysis because two of the
° "g - 2 three studies™”' concerned the same sample population. The
cC . . . .
= e 9 voice handicap index (VHI) could be considered for a meta-anal-
c ©208 g ysis, given the higher number of studies reporting on this mea-
o T Q0 ¢ S 8 . . .
£ Tc_)’ S5C o 3 sure. However, once again, methods of voice analysis were too
2 ) % § = § < .S heterogeneous to allow a meta-analysis. Jacobson and associates
o) (o) 5 .
g & a 2 > “0_5 = (1997)* summed up the scores of all items, whereas Hamdan
g £2 2E3 %o and associates (2017)"' and Sovani & Mukundan (2010)>
o =] é 2 o reported the mean of the scores of all items. Thus, from the initial
5 § § g @ E 3 18 studies, only nine could be considered for investigating the
Seg =22 effects of the menopause on six different voice metrics using sepa-
< rate meta-analyses for each of these metrics. From these nine
o & studies, two needed further clarifications with respect to data dis-
@ g2 ‘ﬁ‘ tribution and dispersion characteristics. An email was sent to the
= s £ authors requesting this information; only one replied. This yielded
& &= a total of only eight studies to be included in the meta-analyses, as
S ) EEL 2 shown in the flowchart of Figure 2.
o © %'—_‘{ g These primary studies were all cross-sectional non-ran-
° Jolg ~ domized investigations. All data were collected using vali-
a g S @' > dated measurement tools and all clearly characterized pre-
% = S o © and post-menopausal women. Given the nature of this
@ S €S research, a limited number of respondents were justified.
L =e The overall quality of studies rendered a scoring range in
the Newcastle-Ottawa Scale between six and eight points.
The percentage of agreement during the selection process
was about 78%. Consensus was applied to solve discrepan-
3 cies as to what considering a study inclusion or exclusion of
g 5 the six meta-analyses that were carried out per voice metric.
S = 5 The voice metrics assessed in these eight studies were: 1) SFF;
s| & ~ ® i) mean f, extracted from the sustained vowel /a/; iii) jitter; iv)
S| = S5 shimmer; v) noise-to-harmonics ratio (NHR); and vi) maximum
- ﬁ ‘q_)- T phonation time (MPT). These were compared between pre- and
§ = S %’ post-menopausal groups of non-professional female voice users.
< % S5 Figure 3 summarizes the number of studies included in these

meta-analyses per voice metric.
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Number of studies
i

SFF
Optimal fo
Jitter
Shimmer
HNR
NHR

Mean fo sustained vowels
Frequency range

Max & Min fo

fo variation

fo tremor intensity index
Voice turbulent index

Amplitude tremr intnsity index

Acoustic

Relative average perturbation

—

K ) o g k=1 = » ] = = 172}
= = @ B = =} = =
&g g 5 & s 3lz B|2 7
& 2 2 > x| B >
s g s ‘s & § o| 8
g & § S = 21| 3
8 2 3 & g 3| %
8 o g
g FB OB g = s f|=s
5 3 3 g A 2|5
a8 2 = | 5
2|8
g &8
~ G}
Phonatory  [Perceptual| Self-reported

FIGURE 1. Number of studies reporting voice-related measures. Note: SFF = speaking fundamental frequency; f, = mean fundamental
frequency; MPT = maximum phonation time; V-RQoL = voice-related quality of life questionnaire; GRBAS = grade of roughness, breathi-
ness, asthenic and strained scale; VHI = voice handicap index; VoiSS = voice symptoms scale questionnaire; Max & Min f, = maximum
and minimum fundamental frequency; HNR = harmonics-to-noise ratio; NHR = noise-to-harmonics ratio; SPL = sound pressure level;
R/, = frequency of the second resonance of the vocal tract; Max & Min Rf; = maximum and minimum Rf>.

SFF

Table 2 displays the sample size, the mean and the standard
deviations for the 6 studies included in the meta-analysis
concerning SFF. Overall, the meta-analysis indicated a sig-
nificant effect of menopause on female’s SFF. The post-
menopause condition presents a lowering of SFF of about
10.1 Hz (95 % Confidence Interval [CI] = [-14.14 Hz; -6.07
Hz]) as compared to pre-menopause, corresponding to a
reduction of about 0.94 semitones (ST). The Q test rendered
a nonsignificant heterogeneity, Q(5) = 6.73 (P = 0.241). The
I? index was 25.8 % (95 % CI: [0.0 %:; 68.9 %)).

Four of the primary studies included in the meta-analysis pre-
sented individual significant effects of menopause on SFF.
D’haeseleer et al (2011a)” was the most contributing study,
with a weight of 27.0 % on the final model, whereas the work
by Sovani and Mukundan (2010)* displayed the lowest weight
(7.9%) on the final model. In turn, two studies, Meurer et al
(2004)"' and Hamdan et al (2017)’" reported non-significant
individual effects and weighted 20.0 % and 9.0 %, respectively.
Figure 4 displays the corresponding forest plot.

Mean Fundamental Frequency (f,) for the Vowel /a/

Table 3 displays the sample size, the mean and the standard
deviations for all the studies included in the meta-analysis
carried out for the metric mean f; extracted from the sus-
tained vowel /a/. Our computations uncovered a decrease in
mean f, from 204.00 Hz in pre-menopause to 190.59 Hz in
post-menopause (1.18 ST interval difference). Among the 6
primary studies, three reported a non-significant effect with
mean differences ranging from 1.49 Hz (0.13 ST) in the

D’haesseleer et al (2011)* to 4.66 Hz (0.40 ST) in the Meurer
et al (2004) study™. The studies by Sovani & Mukundan
(2010),>° Raj et al (2010),** and Ferraz et al (2012) > found
significant differences between pre- and post-menopausal
groups. These differences were within the magnitude of
29.31 Hz (2.44 ST), 27.00 Hz (2.15 ST), and 17.41Hz (about
1.56 ST), respectively. The weight of the six studies on the
total effect varied from 11.0 % to 24.5 % (see Figure 5).

A significant heterogeneity was found in the sample of
primary studies: Q(5) = 21.46 (P < 0.001), I? = 76.7% (95 %
CI: [48.0 %; 89.6 %]). In addition, it is worth noting that the
standard deviations in the study by Ferraz et al (2012)™
were, on average, more than six times smaller than those in
the rest of studies.

Jitter
With respect to the effect of the menopause on jitter, the sam-
ple size, the mean and the standard deviations for all primary
studies included in the meta-analysis are displayed in Table 4.
None of the studies rendered significant differences
between pre- and post-menopausal voices. The contribution
of each study is uneven as the study from Raj and associates
(2010)°° has a contribution to the model of 73.6 % whereas
the study by D’haeseleer et al (2011)°* only contributes with
6.7% (see Figure 6). The overall effect when the three studies
are meta-analyzed is null, with a 95 % confidence interval
for the mean difference of [-0.10%; 0.07%]. The Q test
proved the non-significant heterogeneity of the sample of
studies, Q(2) = 1.40 (P = 0.496). The I” index was 0 % (95 %
CI: [0 %; 85.2 %)).
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References found until February
2020

Academic Search Premier (n = 65)

Medline (n = 499)

SciELO (n =10)

Scopus ( n =293)

PubMed (n = 270)

Web of Science (n = 293)

Total: n = 1430 references References
identified as
non-relevant
(n=1217)

References screened

for duplicates

(n=213)
Duplicates
(n=117)

Studies selected for

evaluation Failed to meet

(n =96) at least one of
the eligible

1 criteria
— (n=78)

Publications

considered to assess

extract details on

effects of menopause Failed to

on voice-related . -
include similar

226351%")68 methods for
data analysis
(n=9)

Publications Publications in

considered for a meta- need for

analysis clarifications

(n=8) on data’s
distribution
and dispersion
(n=2)

FIGURE 2. Flowchart summarizing the selection of studies
included in the meta-analyses carried out per voice metric.

Number of studies

Shimmer
Table 5 presents the sample size, the means, and the stan-
dard deviations for the studies included in the meta-analysis
concerning shimmer. None of the three studies found signifi-
cant differences between pre- and post-menopausal voices.
Consequently, the overall effect of the menopause was
nonsignificant (see Figure 7). It is interesting to note that
the weights of the primary studies on the final model were
uneven. The one by D’haeseleer et al (2011)°* was the most
contributing study to the final model (70.6 % of the total
weight) while the one by Hamdan et al (2017)°' was the least
contributing with 13.0%. The Q test rendered a nonsignifi-
cant heterogeneity, Q(2) = 0.62 (P = 0.732), with an I” index
of 0% (95% CI: [0 %; 66.6 %)).

NHR

Concerning the effect of menopause on NHR, the meta-
analysis also rendered a nonsignificant overall effect of the
menopause (see Table 06).

The Q test found a nonsignificant heterogeneity, Q
(2) = 2.32 (P =.313) and the I” index was 14.0% (95 % CI:
[0.0 %; 91.1 %)]). The most contributing primary study to
the total effect was the study by Hamdan et al (2017)
(75.9%) (see Figure 8).

MPT

Table 7 displays the sample size, the mean and the standard
deviations for the three studies included in the meta-analysis
concerning MPT. Onge again, a non-significant effect of
menopause was found, being the 95% mean difference confi-
dence interval [-6.28%; 1.74%.

As shown in the forest plot of Figure 9, only the study by
Raj and associates (2010)°° reported a significant effect of
menopause on MPT. This study contributed to the model
with a weight of 37.9%. In turn, the two other studies, by
Sovani & Mukundan (2010)°> and by D’haeseleer et al
(2011),>* found non-significant effects with weights to the
model of 32.2 % and 29.9 %, respectively. A significant

1

SFF f, vowel /a/ Jitter

Shimmer

Voice metrics

FIGURE 3. Number of studies per voice metric meta-analysed.

N.B.: SFF = speaking fundamental frequency; f, = fundamental frequency; NHR = noise-to-harmonics ratio; MPT = maximum phonation

time.
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TABLE 2.

Sample Size (n), Mean and Standard Deviations (SD) for the Studies Included in the Meta-Analysis Concerning Speaking

Fundamental Frequency (SFF)

Study identification

Pre-menopause

Post-menopause

n Mean [Hz] SD [Hz] n Mean [Hz] SD [Hz]

Meurer et al, 2004"’ 45 195.53 23.74 45 188.38 18.17
Sovani & Mukundan, 2010°° 20 226.37 21.56 20 201.7 21.7
D’haeseleer et al, 2012°° 42 188 15.8 42 178 19.9
D’haeseleer et al, 2011a* 41 185.8 17.99 26 178.93 12.12
D’haeseleer et al, 2011b°* 34 189.15 16.18 38 176.42 16.60
Hamdan et al, 2017°" 35 173.71 21.88 34 165.6 26.5
Weighted average [Hz] 190.88 180.78

Study MESH Difierence . 95%-Cl Weight followed by meta-analyses on comparable voice metrics

. = bl assessed w1.th respect to mer.lopausgl effef:ts were carried

Dihaeseleer et al., 2012 —— -10.00 [1851; -149] 167% out. The aims were to identify which voice metrics were

D'haeseleer et al., 2011a —— -6.87 [-12.83; -0.91] 27.0% . . . .

Dhaeseleer et al., 2011 e 1273 [2041; -508] 194% likely to change and to investigate the magnitude of those

Hamdan et al., 2017 —

-8.11 [-20.62; 4.40] 9.0%

- 41010 [-14.14; -6.07] 100.0%

-30 -20-10 0 10 20 30

FIGURE 4. Forest plot displaying the effect size of menopausal
changes on speaking fundamental frequency (SFF), using a ran-
dom effect model.

heterogeneity was found, Q(2) = 11.95 (P < 0.001) with an
I index of 83.3% (95 % CI: [49.2 %, 94.5 %)).

DISCUSSION
Menopause corresponds to the end of a female’s reproduc-
tive life'> and constitutes an example of a developmental
stage during which voice complaints have been described by
a substantial number of studies.®'®* However, it is difficult
to assess the clinical relevance of the menopause to voice:
the extent to which vocal symptoms may be reflected on
voice-related metrics is still unclear. Previous results are
controversial and have not yet been systematized and inte-
grated. Thus, a systematic review of previous literature

TABLE 3.

changes. The choice for meta-analyses seems appropriate:
besides the controversial nature of previous results, 28 dif-
ferent methods of voice assessment were identified in only
18 studies comparing pre- with post-menopausal women.”’
The great number of voice-related measures found in pri-
mary studies could have contributed to a broader under-
standing of the effects of the menopause on several aspects
of voice production when carrying out meta-analyses for
each of these measures. However, this was not the case. The
heterogeneity found in the primary studies and the variety
of methods used in data collection and analysis confined the
meta-analyses to few studies and few voice-related metrics.
SFF was found to be assessed from spontaneous speech,
reading a phrase or reading a passage. However, it is known
that f;, values extracted from reading a passage are higher as
compared to those extracted from conversational speech.®’
This vocal task-dependency is also observed when extract-
ing f, from different sustained vowels.®” Thus, only studies
using the same method of f, analysis were considered for
meta-analyses, resuming the inclusion to a total of 6 pri-
mary studies for both SFF and mean f;, for the vowel /a/.

Sample Size (n), Mean and Standard Deviations (SD) for the Studies Included in the Meta-Analysis Concerning Mean f, for

the Sustained Vowel /a/

Study identification

Pre-menopause

Post-menopause

n Mean [Hz] SD [Hz] n Mean [Hz] SD [Hz]

Meurer et al, 2004°° 45 206.58 19.43 45 201.92 29.4
Raj et al, 2010°° 35 231.09 24.10 20 204.09 22.83
Sovani & Mukundan, 2010°° 20 222.99 20.27 20 193.68 29.74
D’haeseleer et al, 2011b°* 34 192.34 21.95 38 190.85 20.38
Ferraz et al, 20122 43 202.48 3.02 63 185.07 4.46
Hamdan et al, 2017°" 35 175.15 19.97 34 170.62 31
Weighted average [Hz] 204.00 190.59
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Study Mean Difference MD 95%-Cl Weight
Meurer et al., 2004 —E— -4.66 [-16.81; 7.49] 16.1%
Raj et al., 2010 —a— -27.00 [-39.54;-14.46] 15.7%
Sovani & Mukundan, 2010 ——&—~- -29.31 [-47.74;-10.88] 11.0%
D'haeseleer et al., 2011b —‘— -1.49 [-10.92; 7.94] 18.7%
Ferraz etal., 2012 -17.41 [-19.14; -15.68] 24.5%
Hamdan et al., 2017 — & -4.53 [-19.13; 10.07] 13.9%

<= -13.41 [-21.62; -5.20] 100.0%

-40  -20 0 20 40

FIGURE 5. Forest plot displaying the effect size of menopausal
changes on mean f, extracted from the sustained vowel /a/, using a
random effect model.

The heterogeneous nature of primary studies also concerned
other measures, such as VHI. In some studies, VHI data
were assessed as the mean of the scores °'~°° despite the use
of total sum of the scores in its validation study.”® Such dis-
parity in methods of data analysis challenges the possibility
of performing meta-analyses with these studies, compelling
for their exclusion. Meta-analyses of a higher number of
voice-related metrics was also not possible due to the small
numbers of primary studies investigating some of the met-
rics (eg, SPL, voice range profile, glottal-to-noise excitation,
and phonation quotient).

For voice metrics that were meta-analyzed (ie, SFF.f, for
sustained vowel /a/, jitter, shimmer, NHR and MPT), a pos-
sible limitation of the outcomes could have been the inclu-
sion of a small number of primary studies (between 3 and 6
per voice metric). However, this limitation was circum-
scribed by using a random-effects model. The use of this
model provides more realistic results even when a small
number of studies are considered.*® In addition, publication
bias is not expected as primary studies did not apply any
intervention on woman’s voices and there was no privileged
direction in the results. Nevertheless, the overall effects
found in the present investigation must be interpreted
carefully.

From all meta-analyses carried out, only the metrics SFF
and mean f for the sustained vowel /a/ were found to signif-
icantly change with menopause. For post-menopausal
groups, SFF was found to be 10.1 Hz lower and f, for the
sustained vowel /a/ was 13.41 Hz. Although these observa-
tions corroborate previous self-reported perceptions of a
drop in pitch with menopause,®'®*"*1*! the effects of such
decrease seem to be small. Our findings revealed that SFF
and mean f, for the sustained vowel /a/ were about 0.94 and

TABLE 4.

Study Mean Difference MD 95%-Cl Weight

Rajetal, 2010 —
D'haeseleer et al., 2011b
Hamdan et al., 2017

0.00 [-0.10;0.10] 73.6%
H4—+———— 0.08 [-0.24;0.40] 6.7%
-0.11 [-0.30;0.08] 19.7%

_

—= -0.02 [-0.10; 0.07] 100.0%
[ T T T 1

04 -02 0 0.2 0.4

FIGURE 6. Forest plot displaying the effect size of menopausal
changes on jitter, using a random effect model.

1.18 ST lower in post- as compared to pre-menopausal
women, respectively. These values fall below the 2 ST just
noticeable interval difference reported for both sinus tones
and for voices produced within the range of 160 to
200 Hz.°' It is therefore possible that the effects of meno-
pause on voice may be imperceptible in continuous speech,
at least to a non-trained listener.®' In addition, the SFF and
mean f, for the vowel /a/ reported in this study for post-
menopausal voices were 180.78 Hz and 190.59 Hz, respec-
tively. Both values are well above the cutting point for dis-
tinguishing female from male voices (ie, 165 Hz).®” Thus,
one may argue that the impacts of menopause in females f,
seem not to reach a point of misleading the listener to
whether the voice that is being heard belongs to a female or
male speaker. This, however, does not mean that the
speaker may not perceive such mild differences, especially
for the case of being a singer. For those whose work, career
and livelihood entirely depend on voice quality, voice
changes, even if minor, may not be trifling.®

Our findings substantiate the f, dependence on methods
of data collection and extraction described in previous
investigations.®'**>** The decrease in mean f, observed in
post-menopausal voices was higher when f, was extracted
from the sustained vowel /a/ as compared to when it was
extracted from reading. Despite the provision of more com-
plete acoustic information when extracted from connected
speech,® this result seems to corroborate previous claims
that f, extracted from sustained vowels seem to be more sen-
sitive to the effects of sex hormones.’® However, this
assumption should be interpreted with caution. Mean f, in
sustained vowels may depend more on methods of collection
rather than on effects of hormonal variations. For example,
Ma & Love’s study (2010) compared f, values extracted
from electrolaryngographic signals between young (25 years.
4+ 3.16) and older (69.73 years.£ 3.69) women when

Sample Size (n), Mean and Standard Deviations (SD) for the Studies Included in the Meta-Analysis Concerning Jitter

Study identification

Pre-menopause

Post-menopause

N Mean [%] SD [%] n Mean [%] SD [%]
Raj et al, 2010°° 35 0.35 0.18 20 0.35 0.18
D’haesseler et al, 2011b°* 34 0.89 0.42 38 0.97 0.70
Hamdan et al, 2017°" 35 0.88 0.44 34 0.77 0.40
Weighted average [%] 0.49 0.47
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TABLE 5.

Sample Size (n), Mean and Standard Deviations (SD) for the Studies Included in the Meta-Analysis Concerning Shimmer

Study identification

Pre-menopause

Post-menopause

n Mean [%] SD [%] n Mean [%] SD [%]
Raj et al, 2010°° 35 3.58 1.33 20 3.7 1.38
D’haeseleer et al, 2011b°%* 34 1.92 0.83 38 1.94 0.79
Hamdan et al, 2017°’ 35 3.32 1.35 34 3.71 1.81
Weighted average [%] 2.37 2.46
Study Mean Difference MD  95%-Cl Weight women could be related to other effects, such as the f,

Raj etal., 2010 ——F=———  0.12 [-0.64;0.88] 16.4%

D'haeseleer et al., 2011b — 0.02 [-0.35;0.39] 70.6%
Hamdan et al., 2017 0.39 [-0.46; 1.24] 13.0%
‘ 0.08 [-0.22; 0.39] 100.0%

1 05 0 05 1

FIGURE 7. Forest plot displaying the effect size of menopausal
changes on shimmer, using a random effect model.

TABLE 6.

Sample Size (n), Mean and Standard Deviations (SD) for
the Studies Included in the Meta-Analysis Concerning
NHR

Study
identification

Pre-menopause  Post-menopause
n Mean SD n Mean SD
20 0.14 0.03 20 0.17 0.06

Sovani &
Mukundan,
2010°°
D’haeseleeretal, 34 0.11 0.03 38 0.12 0.11
2011b%

Hamdan et al, 35 0.13 0.033 34 0.13 0.026

2017°"
Weighted 0.13 0.14
average
Study Mean Difference MD 95%-Cl Weight

Sovani & Mukundan, 2010 0.03 [-0.01;0.07] 15.5%
D'haeseleer et al., 2011b 0.01 [-0.04;0.06] 8.7%

Hamdan et al., 2017 e 0.00 [-0.01;0.01] 75.9%

4:f> 0.01 [-0.01; 0.02] 100.0%
1

T 1 T 1 1
-0.06  -0.02 0 0.020.040.06

FIGURE 8. Forest plot displaying the effect size of menopausal
changes on HNR, using a random effect model.

sustaining a vowel, reading a phrase and reading a pas-
sage.”" Their results showed that f, were always higher
when sustaining a vowel (205.87 + 33.22 Hz) as compared
to reading a phrase (176.46 + 22.75 Hz) or a passage
(184.73 £ 20.16 Hz). In addition, the great heterogeneity of
the primary studies meta-analyzed substantiate the argu-

ment that f, differences between pre- and post-menopausal

dependency on methods of collection and extraction, rather
than only the sex hormonal shifts that characterize the men-
opause. This is further substantiated by the fact that a great
variability of standard deviations was found in primary
studies. For example, Ferraz et al (2012)"” reported on aver-
age more than six times smaller SD for f, extracted by
means of the sustained vowel /a/ as compared to the remain-
ing studies.

The same line of thought may be applied to the results
obtained for jitter, shimmer, HNR, and MPT. Differences
in these metrics between pre- and post-menopausal voices
were nonsignificant. Such result was unexpected given the
significant effects of sex steroid hormonal variations across
the menstrual cycle on vowel spectral noise and
jitter.'*-'1-07-%% It is possible that the effects of the menopause
on these metrics have been concealed due to the high sensi-
tiveness of methods of professional-grade data acquisition
(DA) that were used in primary studies. Discretization
errors for f,, jitter and shimmer measurements have been
associated with different DA environments and their
dynamic ranges.’

Other equally important considerations when interpreting
the results of these meta-analyses is that differences between
pre- and post-menopausal voices could have been of greater
magnitude if post-menopausal women included in the pri-
mary studies were selected depending on self-reported men-
opausal vocal symptoms. In addition, effects of menopause
on voice metrics meta-analyzed may have been concealed
due to the age difference between pre- and post-menopausal
women. Female’s f,, decreases not only because of hormonal
changes associated with the menopause but also because of
ageing.”""" It is known that, for non-pathological voices,
middle-aged women (around 40s) have lower voices when
compared to younger ones (around 20s).°’ In some of the
primary studies included in these meta-analyses,*'*” the age
range reported for the middle-aged groups was between 30
and 47 years old. This seems a rather sparse interval for con-
trolling effects of age. According to the World Health Orga-
nization (WHO) recommendations, middle-aged women
with a restricted age range should be compared with youn-
ger and post-menopausal women if the aim is to investigate
menopausal symptoms (WHO, 1996).”' Although the
majority of primary studies relied on age as inclusive criteria
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TABLE 7.

Sample Size (n), Mean and Standard Deviations (SD) for the Studies Included in the Meta-Analysis Concerning MPT

Study identification

Pre-menopause

Post-menopause

n Mean [s] SD [s] n Mean [s] SD [s]
Raj et al, 2010°° 35 14.29 4.41 20 8.74 3.08
Sovani & Mukundan, 2010°° 20 13.45 4.47 20 12.8 5.20
D’haeseleer et al, 2011°* 34 20.34 6.89 38 20.48 8.16
Weighted average [s] 15.83 13.65
CONCLUSIONS

Study Mean Difference MD 95%-Cl Weight

6 4 -2 0 2 4 6

-5.55 [7.24; -3.86] 37.9%
0.65 [-3.87; 2.57] 32.2%
0.14 [-3.64; 3.92] 29.9%

Rajetal., 2010
Sovani & Mukundan, 2010
D'haeseleer et al., 2011b

-2.27 [-6.28; 1.74] 100.0%

FIGURE 9. Forest plot displaying the effect size of menopausal
changes on MPT, using a random effect model.

for distributing participants among pre- and post-meno-
pausal groups, the use of hormonal and gynecological fea-
tures to guide participant’s inclusion in these groups seems
to be preferable, so that age range can be reduced.

Finally, the results from the meta-analyses carried out in
this study address the need for re-thinking methods of data
collection and analysis so that they can suit best the aim of
investigating the effects of menopause on the voice. The pri-
mary studies used in the meta-analyses assessed several
aspects of voice production, but taking one dimension of
voice production at a time (eg, f, for a sustained vowel in a
comfortable pitch, jitter, shimmer, NNR). Other studies
including metrics that reflect multidimensional aspects of
voice production were not found in a sufficient number of
studies to allow a meta-analysis. Voice production is a
rather complex phenomenon, varying within several degrees
of freedom.’”? For example, f, reflects concomitant adjust-
ments of subglottal pressure, glottal adduction, and vocal
fold tension.”” The interdependency on physiological and
aerodynamical aspects of voice production naturally chal-
lenges the understanding of how the vocal folds react to hor-
monal shifts based solely on acoustical analysis of a vowel
produced at a comfortable pitch and loudness.”> Moreover,
previous hypothesis state that sex steroid hormonal varia-
tions impact on the histological properties of the vocal
folds.” It is therefore expected that the study of metrics
related to voice source and vibratory patterns of the vocal
folds would best reflect effects of menopausal hormonal
shifts on the voice as compared to acoustical measures. The
latter reflect both source (ie, pulsating transglottal airflow)
and filter (ie, vocal tract resonances) events; thus, the inter-
pretation of acoustical changes associated with the meno-
pause cannot be directly interpreted as reflecting changes at
the level of the vocal folds.

The menopause is associated with a decrease in f;, within the
magnitude of 10.1 to 13.4 Hz, depending on whether the
vocal task is reading or sustaining the vowel /a/. This
decrease is well below the 2 ST just noticeable interval dif-
ference reported for both sinus tones and for voices pro-
duced within the range of 160 to 200 Hz. Thus, f, reduction
may affect women to a different extent, depending on
whether they are elite performers or other professional voice
users. No significant effects of the menopause were found
for measures of frequency perturbation (ie, jitter, shimmer,
HNR), nor for MPT. The heterogeneity of primary studies,
including methods of data collection and analysis, address
the need for changing the current voice research paradigm
as to what concerns the assessment of effects of menopause
on the voice. Voice metrics that reflect more than one
dimension as to what concerns acoustical, physiological and
aerodynamic aspects of voice production possibly will suit
best the understanding of the complex relationships under-
lying effects of sex hormones during the menopause on
voice.
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