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Abstract
Changes in speaking fundamental frequency (SFF) associ-
ated with aging were studied in a total of 374 healthy normal
speakers (187 males and 187 females) from adolescent to
older age groups. Participants were asked to read a sample
passage aloud, and acoustic analysis was performed. The
main results were as follows: (1) Males exhibited no signifi-
cant trend for SFF changes in aging. However, a slight in-
crease was observed in participants aged 70 years or older.
(2) Females in their 30s and 40s showed obviously lower fre-
quencies than those in their 20s. Across all age groups, in-
cluding the 80s, SFF tended to decrease markedly in associa-
tion with aging. (3) The degree of SFF change in association
with aging was much larger in females than in males. In ad-
dition, reference intervals (mean * 1.96 SD) obtained for
males and females in each age group are considered useful
for clinical detection of abnormalities of SFF, as well as for
detection of laryngeal diseases causing SFF abnormality.
Copyright © 2008 S. Karger AG, Basel

Introduction

Although numerous studies have been conducted on
fundamental frequency of the voice, the results are di-
verse and inconsistent. One reason for this is differences
in methodology. Another reason may involve differences
in the precision of the experimental environment used
for recording and analysis, including performance of the
instruments used and skill of the experimenters. An in-
adequate experimental environment might occasionally
lead to spurious high-frequency readings. In addition, to
our knowledge, only five of the numerous acoustic stud-
ies of speaking fundamental frequency (SFF) have exam-
ined reliability [1-5].

Many of the previous reports on SFF measurement in
adult males by an acoustic technique, using a passage or
sentence, have found that SFF is higher at an advanced
age than in youth [1, 4-8]. However, Benjamin [9] and
Guimarées and Abberton [10] reported that SFF was low-
er in their elderly sample population, while Ramig and
Ringel [2] reported that SFF in their elderly group was
slightly, but not significantly, higher than that in their
younger group. Hollien and Shipp [6], Pegoraro Krook
[4], and Brown et al. [8] reported that SFF decreases tran-
siently in middle age and increases again at an advanced
age.
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Similar acoustic studies of SFF have been conducted
in adult females, using a passage, sentence or picture de-
scription to obtain speech samples. The results of previ-
ous studies are highly consistent in that SFF decreased
with advancing age [3, 4, 7-16]. However, considerable
differences are seen in the degree of change in SFF asso-
ciated with aging among investigators. Stoicheff [12],
Morgan and Rastatter [3], Pegoraro Krook [4], and Awan
[16] reported that SFF decreases in the 40s-60s, then
slightly increases again above the age of 70. Thus, consen-
sus has not been achieved with respect to some aspects of
SFF and its relationship to age in males and females, and
further studies are still needed.

In the present study, we collected and analyzed infor-
mation related to SFF for a relatively large population
with the aim of clarifying the following issues: (1) chang-
es in SFF characteristics with age in males throughout
adulthood; (2) changes in SFF characteristics with age in
females throughout adulthood, and (3) reference interval
or normal range (mean * 1.96 standard deviation) of SFF
in males and females during youth, middle age and ad-
vanced age.

It has long been known that the fundamental frequen-
cy of the human voice reflects the physiological functions
of vocal folds [17-20], and its measurement is noninvasive
and easy. Therefore, the findings of the present study are
believed to be useful for clinically determining not only
SFF abnormalities and the degree of abnormality but also
laryngeal diseases that can cause SFF abnormalities.

Methods

Participants

The participants were 374 native speakers of Japanese (187
males, 187 females) who were indicated as healthy according to a
questionnaire (Appendix), and had neither laryngeal pathology
nor history of neurological disease. Additional criteria for selec-
tion were no history of professional voice training and passing
both hearing and visual screening tests. When a pathological
voice feature was perceived, despite the participants reporting no
laryngeal dysfunction, a laryngoscopic examination was per-
formed by an otorhinolaryngologist (one of the authors of the
current study, S.N.). Individuals found to have laryngeal dysfunc-
tion, such as a vocal fold polyp, at laryngoscopy, were excluded
from the study.

Smoking habits were not evaluated as inclusion criteria since
one of the major objectives of this study was to determine the ref-
erence interval of SFF for typical speakers, and the total percent-
age of smokers among Japanese males 20 years or older averaged
82.3,70.2, 58.8 and 46.9% in 1965, 1980, 1995 and 2004, respec-
tively, according to the ‘National Survey of the Percentage of To-
bacco Smokers’ conducted by Japan Tobacco Inc. [21]. Although
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Table 1. Means and standard deviations of participants by age
group

Groups n Mean SD
Young
Males 77 23.13 3.57
Females 77 22.88 3.61
Middle-aged
Males 55 48.62 6.46
Females 55 48.45 5.27
Elderly
Males 55 69.55 6.23
Females 55 70.75 6.61

a decreasing tendency in smoking incidence can be observed over
time, the percentage remains high. In particular, a very large per-
centage (about 80%) of elderly people had smoked at some time in
the past. Therefore, exclusion of smokers from the participants
might have produced results that would fail to reflect the general
traits of elderly males and possibly even bias the reference value
considerably.

Participants were divided into three groups according to age
(table 1): the young group consisted of 77 males and 77 females
aged between 19 and 34 years; the middle-aged group consisted
of 55 males and 55 females aged between 35 and 59 years, and the
elderly group consisted of 55 males and 55 females aged 60 years
and older. As no general consensus has been reached on age divi-
sion in adulthood, the present study followed Santrock’s [22]
study.

Recording Procedure

The speech sample employed to measure SFF was a standard
passage, ‘The North Wind and the Sun’, in Japanese which is 223
morae in length. Japanese is classified as a ‘moric language’ or a
‘mora-counting language’ and shows isochronism over mora
units, whereas such languages as English, Russian, German, and
Hungarian are ‘syllabic languages’ or ‘syllable-counting languag-
es’ [23]. Thus, the mora was used as a measurement unit in the
present study.

Participants were asked to read the passage once at a habitual
and comfortable pitch, loudness, and speaking rate. All speech
samples were recorded in a sound-treated studio on a digital au-
dio-cassette recorder (Sony, PCMR500) with a sampling rate of
44.1 kHz. Before the recording, each participant was given an op-
portunity to practice reading the passage for familiarization with
the speech protocol. If the recording was not successful, the par-
ticipants were asked to participate in additional trials. A micro-
phone (Shure, SM48) was positioned to maintain a constant
mouth-to-microphone distance of 15 cm.

Data Analysis

SFF measures were calculated for all sentences of the afore-
mentioned passage using the Frequency Analysis Program of the
Computerized Speech Lab (CSL) system (CSL, Kay Elemetrics,
model 4400) operating on a desktop computer (Kay Elemetrics,
Generic Windows PC, model 4307). CSL is a highly advanced
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Fig. 1. Comparison of mean SFFs among Age groups
age groups (male speakers).

Table 2. Mean values and reference intervals of SFF (in Hz) for
each group

Groups n  Mean SD Reference
interval
Males, years
Young (19-34) 77 121.83 17.00 88.51-155.15
Middle-aged (35-59) 55 120.95 15.78 90.02-151.88
Elderly (over 60) 55 127.82 18.72 91.13-164.51
Females, years
Young (19-34) 77 22458 20.76  183.89-265.27
Middle-aged (35-59) 55 196.31 16.35 164.26-228.36
Elderly (over 60) 55 17892 19.71 140.29-217.55

acoustic analysis system with robust hardware for data acquisi-
tion complemented by versatile suite of software available for
speech and voice analysis. A DAT recorder was coupled to the
CSL, and SFF values for each participant were analyzed individu-
ally at a 44.1 kHz sampling rate with 16 bits of resolution.

Specifically, the voiced periodic sounds in the speech sample
were extracted selectively, the fundamental frequency was nu-
merically expressed and processed using the Frequency Analysis
Program (Kay Elemetrics), which is core software for the CSL,
and the mean values were obtained. At the time of analysis, each
data set was carefully examined for occasional reading of spuri-
ous high or low frequency. Data analysis for all participants was
conducted by one of the authors (M.N.).

Reliability

To examine the test-retest reliability of SFF measurement in
this study, the 77 young female participants were asked to read the
passage aloud again, according to the above-described procedure,
and the speech sample was recorded. This was done at least 1 day
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after the original reading. The mean interval between the two re-
cordings was 3.4. Data analysis for all participants was conducted
by one of the authors (M.N.). The Pearson’s product-moment cor-
relation coefficients between original and repeated sampling of
these measures was remarkably high (r = 0.956, t = 28.39, p <
0.001). The difference between the two mean SFFs was only 0.97
Hz. Separately from this study, the SFFs of 77 age-matched young
females were determined according to the same procedure and
compared. The difference in mean SFF between these groups was
only 0.1 Hz (224.58 Hz for the original data and 224.68 for the ad-
ditional data).

Results

The mean and standard deviation of the SFF values of
participants were calculated for males and females of
each age group, and are presented in Hertz in table 2. In
males, the difference in the measured values in the young
and middle-aged groups was very small. However, the
value in the elderly group was higher than those in the
young and middle-aged groups by approximately 6-7 Hz.
A one-way ANOVA showed no significant differences
among the three age groups (d.f. = 2, F = 2.70, p = 0.07).

All male participants were grouped according to age,
by decades (19-year-old participants were included in the
group in their 20s). Comparison of the mean SFFs calcu-
lated for the eight groups (for decade groups from the 20s
through the 80s) showed only small differences in the
values of the age groups from the 20s through the 60s, but
the mean value tended to increase in the groups in their
70s and older (fig. 1). A one-way ANOVA showed no sig-
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nificant differences among the eight groups (d.f. =6, F =
1.78, p = 0.11). In addition, a post-hoc test (Scheffé’s F)
showed no significant differences among all groups. A
weak positive correlation was observed between age and
SEF in all males (fig. 2) (Pearson’s product-moment cor-
relation coefficient; t = 2.04, r = 0.15, p < 0.05).

In females, the value was the highest in the young
group, followed in order by the middle-aged group and
the elderly group (table 2). A significant difference, at p<
0.001, was demonstrated by a one-way ANOVA (d.f. = 2,
F = 94.77). When a post-hoc test (Scheffé’s F) was con-
ducted, significant differences, at p < 0.001, were ob-
served between the young and middle-aged groups, be-
tween the young and elderly groups, and between the
middle-aged and elderly groups.

All female participants were also grouped according
to age by decades (19-year-old participants were included
in the group in their 20s). Comparison of the mean SFFs
calculated for the eight groups showed markedly lower
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values in the groups in their 30s and 40s than in the par-
ticipants in their 20s, and a tendency for an age-related
decrease was observed in all age groups through the 80s
(fig. 3). A one-way ANOVA revealed significant differ-
ences at p < 0.001 (d.f. = 6, F = 38.94). When a post-hoc
test (Scheffé’s F) was conducted, significant differences
were observed between the 20s group and the 40s-80s
groups (p < 0.001). Also, significant differences was ob-
served between the 30s group and the 70s and 80s groups
(p<0.001). Furthermore, significant differences were ob-
served between the 40s group and the 70s and 80s groups
(p<0.001). Nosignificant difference was observed among
the other age groups. A moderate negative correlation
was observed between age and SFF in all females (fig. 4)
(Pearson’s product-moment correlation coefficient; t =
-15.26, r = -0.75, p < 0.001).

Table 2 shows the reference intervals for males and fe-
males of each age group as the mean * 1.96 standard
deviation.
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Discussion

In the present study, statistical analysis showed no sig-
nificant difference in SFF values among the three age
groups, and only a weak correlation between age and SFF
was observed in males. When the participants were
grouped according to age by decades, those in their 20s
through 60s exhibited very small changes in SFF. When
compared with participants in their 20s, however, the
values for the age groups in their 70s and 80s were higher
by 10.8 and 14.8 Hz, respectively. These findings suggest-
ed that the SFF of males shows only very small changes
until the seventh decade, and tends to increase slightly at
age 70 years or older.

With respect to the degree of increase in SFF with ag-
ing, the classic studies by Mysak [1] and Hollien and
Shipp [6] found increases of 15 Hz or more, while the re-
cent studies by Pegoraro Krook [4] and Brown et al. [8]
both reported an increase of less than 15 Hz. The results
of our present study support the view that the degree of
increase is not more than 15 Hz.

Hollien and Shipp [6], Pegoraro Krook [4] and Brown
et al. [8] reported the SFF of males to exhibit a certain
pattern characterized by transient decreases in middle
age and an increase with advancing age. However, such a
tendency was not observed in our study. In other words,
the age-related SFF change in males was one-direc-
tional.

Consistent with a large number of previous reports [3,
4, 7-16], our results showed that SFF in females decreases
in association with aging. However, the range of decrease
in SFF was larger than conventionally reported. The SFF
of participants in their 20s, which was used as the base-
line for determining degree of change, was 226.1 Hz. Ac-
cording to previous reports, the fundamental frequency
of the voice in young Japanese female participants is
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around 225-226 Hz [24-26], and our results are consis-
tent with this value. Therefore, our SFF value for partici-
pants in their 20s is considered to be valid. As mentioned
in the section on reliability in the ‘Methods’, the validity
of the value was also supported by the very similar results
obtained from a separate study of 77 young females. From
this baseline value, the participants in their 50s, 60s, 70s
and 80s showed decreases of 36.0, 39.0, 55.5 and 58.2 Hz,
respectively. When compared with prior reports using a
cross-sectional design, the degree of SFF decrease was
larger. Russell et al. [14], using a longitudinal design, re-
ported that the value for participants in their late 60s was
lower, by 47.8 Hz, than that for participants in their 20s.
This extent of decrease is similar to that of the present
study. Thus, our results suggest that the SFF decrease in
females may in fact be larger than has been suggested by
conventional cross-sectional studies. However, it will be
necessary to further investigate the effects of various fac-
tors, such as smoking, on SFF.

When presenting a model of male-female coalescence,
Hollien [27] emphasized that SFF increases dramatically
with aging in males, while the change in females is small.
Our results contradict this hypothesis. In other words,
SEF exhibited a relatively small change with aging in
males but changed dramatically in females. This is the
most surprising result of our study.

Another interesting finding obtained in our present
study was the tendency in females for an obvious decrease
to occur even in the 30s, as compared with the 20s. Ac-
cording to many previous studies of age groups using a
cross-sectional design, SFF decreases in women after the
age of 40 years [3, 4, 8-11, 13, 14].

Stoicheff [12], Pegoraro Krook [4], Morgan and Rastat-
ter [3], and Awan [16] reported that female SFF decreases
with age, but tends to increase transiently in the 70s or
80s. However, such a tendency was not observed in the
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present study, as female SFF decreased with age in a one-
directional manner.

The fundamental frequency of the voice is largely de-
termined by changes in the physical properties of the vo-
cal folds, such as length, tension, and mass per unit area
[28, 29]. As the morphology of the larynx changes with
age, the physical properties of the factors that determine
fundamental frequency are also believed to change [29,
30]. Mueller et al. [31] reported the morphological char-
acteristics of the aged male to include bowing, atrophy,
and cordal sulcus of the vocal folds. Seventy-five percent
of their older group exhibited an arrowhead configura-
tion of the rima glottidis that was not found in their
younger group. It is likely that changes in both the lami-
na propria and the vocalis muscle contribute to this bow-
ing of the vocal folds and to the vibratory patterns of the
vocal folds [28, 29]. In general, changes in both the lam-
ina propria and the vocalis muscle are greater in the male
than in the female [7, 29, 32-36]. Some investigators have
inferred that these changes might account for the percep-
tual increases in the pitch of the voice [29-31]. However,
the results of the present study showed poor age-related
changes in SFF for the males, and although histological
changes may occur in the larynx of some aging males,
histological changes do not necessarily affect the funda-
mental frequency of the voice.

A number of investigators have attempted to interpret
the SFF change in females from the perspective of a rela-
tionship with the hormonal effects associated with meno-
pause [4, 12, 26, 29, 30, 37, 38]. Many have hypothesized
that the postmenopausal decrease in secretion of the fe-
male hormone estrogen induces morphological changes
in the larynx, thereby leading to a decrease in fundamen-
tal frequency. Honjo and Isshiki [7] suggest that edema of
the vocal folds in women may be due to general endocrine
changes after menopause. Hirano et al. [32] hold a similar
view and assume that the increased volume of the vocal
folds induced by edema leads to decreased vibratory pe-
riods of the vocal folds. Although the menopause-associ-
ated female hormone decrease is marked and universal,
the present results do not support the timing of the SFF
decrease as conclusively occurring ‘after menopause’ for
the following reasons: (1) a decrease in SFF is already ob-
servable in the 30s, and (2) this decrease continues even
after age 60, which is assumed to be the postmenopausal
period. The findings of the present study, which demon-
strated that the SFF decrease in females starts in the 30s
and amounts to 24.5 Hz by the 40s, was surprising and
unlike the results of any previous reports. In conclusion,
the result of the present study indicate that reduction in
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SFF may not be due solely to changes during menopause,
but may occur in relation to premenopausal changes as
suggested by Awan [16]. In addition, factors such as gen-
eral lifestyle and diet may also contribute to changes in
SEF with age [39].

For males, Titze [29] speculated that decreased secre-
tion of the male hormone testosterone leads to a reduc-
tion in muscular tissues, thereby increasing SFE. While
female hormone levels decrease dramatically in all wom-
en after menopause, the secretion of testosterone in males
peaks in the 20s and gradually decreases thereafter. The
blood concentration change in the menopausal period is
gradual, however, and there is considerable individual
difference in blood concentrations during the elderly pe-
riod of life [40-44]. Therefore, the tendency for decreased
male hormones in men is not considered to have a par-
ticularly large influence on SFF, in contrast to that of fe-
male hormones in women.

Other factors presumably associated with SFF include
the effects of (1) voice training, (2) body physiology and
(3) smoking. With respect to voice training, Brown et al.
[8] reported that professional singers (sopranos and ten-
ors) had significantly higher SFF levels than age-matched
nonsingers. However, in young adults, Awan [45] report-
ed no significant difference between untrained and
trained groups. As to body physiology, Ramig and Ringel
[2] divided 48 males into good and poor condition groups,
on the basis of physical condition assessments, and then
determined and compared SFE. They found that in all
chronological groups (25-35, 45-55, and 65-75 years) the
participants in poor condition exhibited slightly higher
SFF than those in good condition. As mentioned in the
‘Methods’ section, voice training and body physiology
were included in the selection criteria for participants in
this study, but smoking was not. With regard to smoking,
Gilbert and Weismer [46] and Stoicheff [12] reported that
SFF in female nonsmokers was lower than that in female
smokers. However, age-related changes in SFF have been
reported when participants were restricted to nonsmok-
ers [9, 12]. Therefore, smoking may be a contributing fac-
tor for SFF, but it does not appear to be the primary fac-
tor.

Taken together, our findings indicate the reference in-
terval for each age decade in the male and female groups
to be useful not only for clinically determining SFF ab-
normalities and the degree of abnormality but also for
detecting a variety of laryngeal diseases that can cause
SEF abnormalities. For instance, vocal cord edema occurs
relatively frequently in individuals with voice disorders,
and a low-pitched voice is the primary symptom. Cooper
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[19] asserted that 90% of his 2,000 cases of functional and
organic voice disorders could be attributed at least in part
to a vocal pitch that was too low. Roy and Hendarto [47]
reported that almost one half of the SFF measurements of
their 40 subjects with dysphonia were considered outside
the normal range. In addition, several past studies have

documented the usefulness of SFF for the assessment of
therapeutic effects in laryngeal diseases [19, 47, 48]. The
reference intervals obtained in the present study may be
used as one of the indicators for ascertaining whether or
not the effects of treatments for various voice disorders
reach a target level.

Appendix: Questionnaire

Date: year/month/day

Name:

Date of birth: year/month/day (

Gender: Male/female

years)

Address:

Phone number:

1.

Are you presently healthy?

[Yes/no]

2. (Those who answered ‘no’ in 1): Describe your health condition specifically.

®

[

]

Have you suffered any diseases of the throat or nose?

[Yes/no]

(Those who answered ‘yes’ in 3): Describe the disease(s).

[

]

Is your voice the same as usual today?

[Yes/no]

(Those who answered ‘no’ in 5): Why do you think your voice is different?

Circle all of the applicable choices.

[Cold/overworking of voice/no idea/others (
(Those who answered ‘no’ in 5): How does your voice differ from usual?

)]

)]

[Higher/lower/hoarser/others (

Have you ever had professional voice training?

[Yes/no]

(Those who answered ‘yes’ in 8): What kind of training was it?

(

Thank you very much for completing this questionnaire.
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