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IMPORTANCE An aging population experiences an increase in age-related problems, such as
presbyphonia. The causes of pathologic presbyphonia are incompletely understood.

OBJECTIVE To determine what distinguishes pathologic presbyphonia from presbylaryngis.

DESIGN, SETTING, AND PARTICIPANTS This was a cohort study at an outpatient otolaryngology
subspecialty clinic of a tertiary academic referral center. Participants were consecutive
consenting adults older than 74 years without laryngeal pathologic abnormalities who visited
the clinic as participants or companions. Patient questionnaires, otolaryngologic, video
stroboscopic, and voice examinations were compiled. Patients were divided into groups
based on whether they endorsed a voice complaint. Three blinded authors graded
stroboscopic examinations for findings consistent with presbylaryngis (vocal fold bowing,
vocal process prominence, glottic insufficiency).

MAIN OUTCOMES AND MEASURES Voice Handicap Index-10, Reflux Symptom Index, Cough
Severity Index, Dyspnea Index, Singing Voice Handicap Index-10 , Eating Assessment Tool -10,
Voice-Related Quality of Life (VRQOL), and Short-Form Health Survey; face-sheet addressing
social situation, work, marital status, education, voice use, transportation; acoustic and
aerodynamic measures; and a full otolaryngologic examination, including videostroboscopic
imaging.

RESULTS A total of 31 participants with dysphonia (21 were female; their mean age was 83
years [range, 75-97 years]) and 26 control participants (16 were female; their mean age was
81 years [range, 75-103 years]) completed the study. Presbylaryngis was visible in 27 patients
with dysphonia (87%) and 22 controls (85%). VHI-10 and VRQOL scores were worse in
patients with pathologic presbyphonia (median [range] VHI-10 scores, 15 (0-40) vs O (0-16)
and median VRQOL score, 19 [0-43] vs 10 [10-23]). All other survey results were
indistinguishable, and no social differences were elucidated. Acoustic measures revealed that
both groups averaged lower than normal speaking fundamental frequency (mean [SD].
150.01 [36.23] vs 150.85 [38.00]). Jitter was 3.44% (95% Cl, 2.46%-4.61%) for pathologic
presbyphonia and 1.74% (95% Cl, 1.35%-2.14%) for controls (d = 0.75). Shimmer means (95%
Cl) were 7.8 2 (6.08-10.06) for the pathologic presbyphonia group and 4.84 (3.94-5.72) for
controls (d = 0.69). Aerodynamic measures revealed an odds ratio of 3.03 (95% Cl,
0.83-11.04) for patients with a maximum phonation time of less than 12 seconds who had
complaints about dysphonia.

CONCLUSIONS AND RELEVANCE Presbylaryngis is present in most ambulatory people older
than 74 years. Some will endorse pathologic presbyphonia that has a negative effect on their
voice and quality of life. Pathologic presbyphonia seems to be influenced by respiratory
capacity and sex. Further study is required to isolate other social, physiologic, and general
health characteristics that contribute to pathologic presbyphonia.
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Clinical and Social Factors That Distinguish Presbylaryngis From Pathologic Presbyphonia

ysphonia is a common complaint in elderly persons,

contributing to withdrawal from social participation, de-

pression, and decreased quality of life. It is estimated
that 5% to 30%"* of all those older than 65 years will endorse
dysphonia, a potentially large absolute number when consid-
ering the aging American population.® Dysphonia has many
causes, but one possible contributor common in the elderly
population is that of presbylaryngis, or an aging larynx.® The
prevalence of presbylaryngis is unknown. Although some signs
of presbylaryngis are visible in most people older than 40 years,
many will not acknowledge any vocal difficulties.” Others will
present with pathologic presbyphonia, or age-related changes
in the voice that cause distress, and request treatment for dys-
phonia. This study was initiated to investigate presbylaryngis
and pathologic presbyphonia. We anticipated that presbylar-
yngis would not uniformly produce pathologic presbyphonia
but rather that it would be present in most patients with patho-
logic presbyphonia. We postulated that a combination of dis-
tinct social, anatomic, and acoustic factors would combine with
presbylaryngis to produce pathologic presbyphonia. Toisolate
these factors, we included elderly people presumed to have pres-
bylaryngis with or without subjective dysphonia.

Methods

All English-speaking people visiting our subspecialty otolar-
yngology clinics (voice and swallowing, sinus and allergy, en-
docrine, facial plastic surgery), including patients, spouses, and
companions older than 74 years, were invited to participate
in this study. The Loma Linda University Health institutional
review board approved this prospective study. Patients were
not compensated for their participation. Those who pro-
vided written informed consent and reported a voice com-
plaint comprised the study (pathologic presbyphonia) group,
and those who did not perceive any vocal difficulties when
directly asked were included as healthy controls. Partici-
pants were excluded if they had neurologic diagnoses, such
as Parkinson disease and laryngeal or essential tremor, vocal
fold paralysis, vocal fold lesions or sulci, a history of cancer
or neck irradiation, or laryngeal procedures or surgery. Par-
ticipants completed our standard intake forms (Voice Handi-
cap Index-10 [VHI-10],® Reflux Symptom Index [RSI],° Eating
Assessment Tool [EAT-10],'° Cough Severity Index [CSI],! Dys-
pnea Index [DI],'2 Singing Voice Handicap Index-10 [SVHI-10]")
as well as the Voice-Related Quality of Life (VRQOL),'* Short-
Form Health Survey (SF-36),'>!¢ and a face sheet that re-
corded demographic information, including level of educa-
tion, marital status, hobbies, work, transportation. All study
participants then underwent videostroboscopic examina-
tions, voice recording, and acoustic and aerodynamic testing.
All videostroboscopic evaluations were performed and re-
corded by 2 experienced laryngologists (B.K.C. and P.K.). The
Kay-Pentax 9310HD recording system, 9400 strobe, EPKi pro-
cessor, and VLS-1190STK flexible laryngoscopes (Kay Pentax
Medical Company) were used. These examinations included sus-
tained phonation at a modal pitch and at a comfortable effort
level, range of comfortable frequencies, phonation to com-
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Key Points

Question What factors distinguish pathologic presbyphonia from
presbylaryngis?

Findings In this cohort study of 57 people older than 74 years,
Voice Handicap Index-10 and Voice-Related Quality of Life scores
and scores for jitter and shimmer were significantly higher in those
with pathologic presbyphonia. Other findings did not differ,
although female sex and decreased respiratory capacity were
more likely to be associated with pathologic presbyphonia.

Meaning Pathologic presbyphonia is not explained solely by the
presence of presbylaryngis; factors that influence pathologic
presbyphonia include respiratory capacity and sex, as well as
presbylaryngis.

plete expulsion of air, phrase repetition, and rapid alternating
vocal fold movement. Other tasks determined to be appropri-
ate were also recorded in the pathological group.

Acoustic data were collected using the Kay Pentax MDVP
program (model 5105 3.3). The recording equipment con-
sisted of a Shure PG48-QTR cardioid dynamic microphone held
6 inches directly in front of the participant’s lips. A metal bar
attached to the microphone ensured that distance remained
constant for all recordings. All participants were seated. They
were instructed to sustain the vowel /a/ at a comfortable ef-
fort level after counting from 1 to 5 in a normal voice. A 3-sec-
ond sample minus the initial and final one-fourth seconds of
the vowel were analyzed to obtain speaking fundamental fre-
quency, mean jitter in percentage, mean shimmer in percent-
age, and noise to harmonic ratio. These measures were se-
lected because they have been previously reported in studies
of elderly patients.!”-2° Perceptual ratings were not available.

Aerodynamic data were collected with the Phonatory Aero-
dynamic System (PAS) (model 6600; Kay Pentax Medical Com-
pany). Participants were instructed to speak into a sealed face
mask with a sensing tube inserted between the lips. Follow-
ing a short period of comfortable breathing into the mask, all
participants repeated “Ha, ha, ha.” These sharp breath pulses
were used to verify that the mask was sealed properly over the
face. Participants were then instructed to repeat a series of 7
to 8 syllables (“pa”) at approximately 1.5 syllables per sec-
ond. All participants also produced a maximally sustained /a/
following maximum inhalation (MPT). Three trials were ob-
tained while the participants were seated, and the longest trial
was accepted for analysis. The MPT, acoustic, and aerody-
namic data were entered on a spreadsheet and provided to an
independent statistician for analysis.

Videostroboscopic examinations were graded by 3 inde-
pendent clinicians (2 laryngologists and 1 speech pathologist
[B.K.C, P.K.,and T.M.]) for presence or absence of findings that
included vocal fold bowing and/or flaccidity, vocal process
prominence in abduction, glottic closure at initial vocal pro-
cess contact (also described as spindle-shaped closure), phase
symmetry, and periodicity.?!2* The graders were blinded to pa-
tient voice complaints, and 10% of all studies (determined
by random number generator) were graded twice to reveal in-
trarater reliability. All studies were graded during the same
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session by all graders. Prior to this session, a standardized ap-
proach regarding the viewing and evaluation of studies was
agreed on by all graders. Examination anchors were deter-
mined by consensus of all raters through the review of 15 un-
related studies for the presence or absence of these findings.?*
All videostroboscopic examinations were rated without audio.
The presence of presbylaryngis was confirmed based on posi-
tive findings in these areas. When at least 2 of 3 graders were in
agreement, that score of “present” or “absent” was accepted for
each finding in each patient. All of these data were then deiden-
tified and compiled for analysis.

Statistical analysis was performed to elucidate which fac-
tors contributed to pathologic presbyphonia in the setting of
presbylaryngis. Descriptive statistics are given as mean (SD)
or median [range] for quantitative variables, and number (per-
centage) for qualitative variables.

Independent Samples t test was performed to test for dif-
ferences in quantitative variables between the pathologic pres-
byphonia and the control groups. For the independent samples
t test, effect size (Cohen d) was estimated by calculating the
mean difference between the 2 groups, and then dividing the
result by the pooled standard deviation. Independent Samples
Mann-Whitney U test was used when the assumptions of
Independent Samples t tests were not met. For the Mann-
Whitney test, effect size (r) was computed by dividing the Z
value by the total number of observations, and then convert-
ing the result into Cohen d value using

__2r
V1472

Fleiss k procedure to assess the rater reliability.

Univariate logistic regression analysis was used in the
analysis to assess the effect of sex and clinical factors on voice
complaints. Multiple logistic regression analysis was per-
formed in the analysis to test the effect of atrophy on patho-
logic presbyphonia after adjusting for other variables. Statis-
tical analyses were performed using IBM SPSS Statistics (version
24). Alpha was set at a 0.05 significance level.

. |
Results

A total of 57 participants met inclusion and exclusion criteria
and completed this study. Thirty-one presented with voice
complaints (pathologic presbyphonia), and 26 were people who
did not consider themselves to have any vocal difficulties
(healthy controls). The average age of our group was 81 years
(group with voice complaint, median age, 81 years; control
group, median age, 80 years), although the participants ranged
in age from 75 to 103 years (75 to 103 in the health control group,
75-97 years in the pathologic presbyphonia group). Women
comprised 68% of the pathologic presbyphonia group (21) and
62% of the control group (16). Women account for 61% of the
US population older than 74 years.?® Fifty-two percent of the
pathologic presbyphonia group (16) and 60% of the control
group (15) were married. All lived at home, with the excep-
tion of 1 patient per group who lived in a care facility. Three

Clinical and Social Factors That Distinguish Presbylaryngis From Pathologic Presbyphonia

Figure 1. Average Survey Scores of Pathologic Presbyphonia
(Voice Complaints) and Control Groups
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Scores for the Short-Form Health Survey (SF-36) were the same for both
groups: 102. CSl indicates Cough Severity Index™'; DI, Dyspnea Index'%;
EAT-10, Eating Assessment Tool'®; RSI, Reflux Symptom Index?;

VHI-10, Voice Handicap Index-108; VRQOL, Voice-Related Quality of Life."*
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Figure 2. Effect Sizes of Average Survey Scores
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Survey; VHI-10, Voice Handicap Index-108; VRQOL, Voice-Related Quality of
Life."

patients in each group had a caregiver other than a spouse. In
the pathologic presbyphonia group, 6 patients were still work-
ing part-time and in the control group, 2 participants were
working part-time. One per group worked full-time. The av-
erage years of education after kindergarten were 14.5 years in
each group; 73% of pathologic presbyphonia group (22) had
atleast some college education as did 68% of the control group
(17). Thirty-seven percent of the pathologic presbyphonia group
(11) acknowledged a recent hospitalization as did 40% of the
control group (10).

All participants completed subjective questionnaires, and
these are compared in Figure 1 and Figure 2 (also see eFigures
1and 2 in the Supplement). Only the VHI-10 and VRQOL scores
were found to differ between groups, with worse scores in the
group with pathologic presbyphonia. This was indicated by the
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Table 1. Acoustic and Aerodynamic Results for Study and Control Groups

Mean (95% CI)

Acoustic and Aerodynamic Measures Pathologic Presbyphonia

Control Effect Size (95% CI)

Fundamental frequency?
Jitter®

150.01 (136.49 to 163.54)
3.44 (2.46 to 4.61)
16.34 (12.97 to 18.95)
5.76 (4.86 t0 6.51)
7.82 (6.08 to 10.06)
120.00 (90.00 to 150.00)
50.00 (33.00 to 69.00)
19.70 (11.00 to 35.00)

Maximum phonation time, s®
Subglottic pressure®

Shimmer?

Air flow rate, median (95% CI)®
Resistance, median (95% CI)°
Efficiency, median (95% CI)®

150.85 (135.50 to 166.20)
1.74 (1.35 to0 2.14)
17.38 (15.07 to 19.70)
6.48 (5.66 to 7.31)
4.84 (3.94 t0 5.72)
125.00 (90.00 to 160.00)
52.00 (40.00 to 92.70)
26.06 (12.00 to 51.20)

-0.02 (-0.55 to 0.50)
0.75 (0.21 to 1.29)
~-0.14 (-0.67 t0 0.38)
- 0.33 (-0.86 t0 0.19)
0.69 (0.15 to 1.23)
0.00 (-0.51 to 0.51)
-0.20 (-0.68 t0 0.32)
-0.23 (-0.29 t0 0.71)

2 The independent t test.
®Mann-Whitney U test.

Figure 3. Presbylaryngis Findings on Videostroboscopic Examination for Each Patient in Both Groups
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large effect size. The RSI, EAT-10, CI, DI, and SF-36 composite
scores were largely indistinguishable between healthy con-
trols and group with pathologic presbyphonia, demonstrated
by small or trivial effect sizes.

Acoustic and aerodynamic measures are presented in
Table 1. Jitter and shimmer were significantly different when
results of the 2 groups were compared. The mean jitter was
3.44% in the pathologic group and 1.74% in the control group,
yielding a mean difference of 1.70% (95% CI, 0.58%-2.82%)
with a d value of 0.75 signifying a medium to large effect size.
The mean values for shimmer in the pathologic and study
groups, respectively, were 7.82% and 4.84%, respectively. The
mean difference was 2.98% (95% CI, 0.83%-5.13%) with a d
value of 0.69 signifying a medium effect size. All other mea-
sures did not differ significantly between groups, although the
trivial effects seen with differences in fundamental fre-
quency and MPT could represent clinically significant trends.

Findings from physical examinations were analyzed to de-
termine the presence of presbylaryngis. Vocal fold bowing
and/or flaccidity, vocal process prominence in abduction (VPP),
and glottic closure at initial vocal process contact were counted
each as individual indicators of the presence of presbylaryn-
gis or vocal fold atrophy. Phase symmetry and periodicity were
also graded (Figure 3). Of the pathologic presbyphonia group,
27 (87%) had at least 1 of these indicators. This was true of 22
(85%) of the control group. Seventy-four percent of the patho-
logic presbyphonia group (23) had 2 of these findings and 73%
of the control group (19) also had 2 of the findings. All 3 were

jamaotolaryngology.com

present in 55% of the study group (17) and 54% of the control
group (14). Four patients in each group were found to have none
of these findings. Ten patients in each group were found to have
phase asymmetry for at least 50% of the study. There were no
studies in either group that were irregular to the extent that
the irregularity prevented stroboscopic interpretation. Inter-
rater reliability was determined to be moderate for all 3 grad-
ers for all findings except VPP, for which correlation was fair
(vocal fold bowing k = 0.52, VPP k = 0.34, glottic closure
K = 0.54, phase symmetry k = 0.47). When the presence of 2
of 3 presbylaryngis findings was considered, interrater reli-
ability was also moderate (k = 0.49). For the pathologic group,
vocal fold bowing and glottic closure at the moment of vocal
process contact were almost always for 3 of the 3 raters (25 [3
of 3 raters] - 6 [2 of 3 raters] bowing; 26 [3 of 3 rates] - 5 [2 of
3 raters] contact), but vocal process prominence was split, 16
(3 of 3 raters) vs 15 (2 of 3 raters). In the control group, these
numbers were split more evenly (14 [3 of 3 raters]) - 12 [2 of 3
raters] bowing; 13-13 VPP; 17-9 contact). Intrarater reliability
was good or very good for each grader considering each of the
3 presbylaryngis findings.

Univariate and multivariate analysis results are shown in
Table 2. Although there were no significant sex differences be-
tween groups, univariate analysis revealed that women were
1.31 times more likely to present with pathologic presbypho-
nia. Patients with an MPT of less than 12 seconds were 3 times
more likely to present with pathologic presbyphonia. Pa-
tients who had either no findings or 1 finding consistent with
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presbylaryngis were 86% less likely to present with voice com-
plaints compared with patients who had 2 or more findings af-
ter adjusting for sex and hospitalization status.

|
Discussion

This study explored differences in elderly people with and with-
out voice complaints. We sought to isolate the patients with
pathologic presbyphonia to determine the factors that distin-
guish this state from presbylaryngis. We included a group of pa-
tients and other healthy individuals older than 74 years repre-
senting a cross-section of people who visited our office. We
limited our study to these “oldest old” ambulatory members of
our community to capture a group that would largely exhibit
signs of presbylaryngis, although not all would endorse prob-
lems with their voices. Videostroboscopic examination find-
ings, such as vocal fold atrophy and glottic insufficiency, are well
established in making the diagnosis of presbylaryngis, and our
examinations confirmed that most people in both groups did
possess signs consistent with presbylaryngis and that their pres-
ence was insufficient to explain pathologic presbyphonia.?%26-27

Previous studies have reported the overall prevalence of
presbylaryngis as being fairly low.2%-28:2° These estimates were
based on populations extracted from large general health da-
tabases or from within specific nursing care facilities. The cur-
rent study differs in that the study population is older than
other populations (most studies include participants as young
as 65 years or even 55 years),2%3° and they represent a unique
and varied group of ambulatory elderly persons. The preva-
lence of presbylaryngis in this relatively healthy, indepen-
dently living “oldest-old” group was 85% in participants with-
out voice complaints, indicating that presbylaryngis may be
more pervasive than previously thought.

We expected to discover some combination of social, health,
and anatomic factors coalescing to produce pathologic presby-
phonia, providing greater understanding of this disorder and po-
tential therapeutic targets. However, we were unable to isolate
any such combination of factors in this group. In our cohorts,
physical examination findings; aerodynamic features; mari-
tal, social, and living status; education level; and work involve-
ment did not seem to play distinguishing roles in the presence
of pathologic presbyphonia in patients older than 74 years. In
those who subjectively reported voice complaints, there was in-
ternal consistency reflected in their significantly elevated VHI-10
and VRQOL scores. This supports our confidence in the diag-
nosis of pathologic presbyphonia. However, the only objective
findings that were different in this group were the acoustic find-
ings, jitter and shimmer, indicative of vocal instability. These
findings were consistent with those of another study® and are
not considered to be the sole contributors to pathologic pres-
byphonia owing to the relative clinical insignificance of the dif-
ferences. The low overall fundamental frequency of the entire
group may be related to the average age of participants be-
cause normative data for this population are limited.

Decreased respiratory capacity has been advanced as a sig-
nificant contributor to presbyphonia.?®-3! Although mean air-
flow rate has been shown to increase with age and signs of

JAMA Otolaryngology-Head & Neck Surgery July 2018 Volume 144, Number 7

Clinical and Social Factors That Distinguish Presbylaryngis From Pathologic Presbyphonia

Table 2. Results of Univariate and Multivariate
Logistic Regression Analyses

Characteristic 0dds Ratio (95% Cl)

Sex (female vs male)

1.31 (0.44-3.91)
1.35 (0.40-4.54)

Unadjusted model

Adjusted for preshylaryngis findings
and hospitalization
Maximum phonation time (<12 svs 212 s)
Unadjusted model 3.03 (0.83-11.04)
Adjusted for preshylaryngis findings and sex 2.96 (0.78-11.20)
Presbylaryngis findings (<2 vs 22)
0.94 (0.29-3.08)
0.83 (0.23-2.95)

0.86 (0.23-3.16)

Unadjusted model

Adjusted for sex

Adjusted for sex and hospitalization
Hospitalization (yes vs no)
0.92 (0.31-2.75)
0.90 (0.30-2.72)

Unadjusted model
Adjusted for sex

presbylaryngis,2® no difference in the pathologic presbypho-
nia and control groups in our study was revealed in this or in
any other aerodynamic measure. This is consistent with the
uniform prevalence of presbylaryngis findings between groups.
We did find a trend toward dysphonia complaints in patients
with lower MPTs that could prove to be significant in a larger
study population but probably does not entirely explain patho-
logic presbyphonia, although it is one factor that is condu-
cive to therapeutic intervention. Interestingly, there was no
difference in DI scores, suggesting that patients do not per-
ceive shortness of breath as a particular contributor to their
dysphonia. Alternatively, these measures may fail to illus-
trate deterioration in neuromuscular control with aging that
results in discoordination of respiration and phonation, con-
tributing to presbyphonia. These factors may help explain
how patients can develop pathologic presbyphonia without
presbylaryngis.

It is unknown how much general health influences the
perception of dysphonia. This study and preceding work
have found that overall health does not seem to influence
dysphonia.? However, other studies’* have found associa-
tions between specific disease states that become more preva-
lent with age, and the development of dysphonia. The differ-
encein these studies and oursis that ours eliminated all vocal
pathologic abnormalities other than what could be attributed
to presbylaryngis, whereas other studies did not eliminate
sources of vocal pathologic abnormalities besides presbylar-
yngis (eg, neurologic, neoplastic). Although it stands to rea-
son that overall health and certain specific disease states not
limited to the larynx may contribute to the perception of dys-
phonia, we were unable to demonstrate this.

Aging in men and women is different, although those dif-
ferences may be less pronounced in advanced age. Our study
did not delve deeply into the sex differences that might con-
tribute to pathologic presbyphonia, but future study of this
question may prove important because acoustic parameters
did differ between the 2 groups. In addition, our study dem-
onstrated that a woman older than 74 years is 30% more likely
than a man to present with dysphonia.
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Limitations

The limitations of this work include the population pool
from which participants were recruited. To isolate and scru-
tinize presbylaryngis and pathologic presbyphonia, it was
thought necessary to recruit fairly healthy participants. But
this group is not representative of all people older than 74
years, and therefore findings are not generalizable. There is
also a potentially significant response bias because those
people who did not consent to participate were neither
counted nor interviewed as to why they did not wish to
participate.

Based on the results of this work, our future studies will
use more closely defined categories of health, more specific
assessment of vocal needs, use, perception, and voice use his-
tory, and more extensive objective assessments, especially of

Original Investigation Research

respiratory capacity. We may also compare these findings in
groups of people across different decades, across sexes, and
possibly across different cultural backgrounds.

. |
Conclusions

Signs consistent with presbylaryngis are present in most am-
bulatory people older than 74 years, but these are insufficient
to produce pathologic presbyphonia. Pathologic presbypho-
nia is probably influenced by respiratory capacity and sex. Re-
spiratory capacity may be an important therapeutic target in
presbyphonia. Additional investigation may further the un-
derstanding of pathologic presbyphonia and its social, physi-
ologic, and general health contributors.

ARTICLE INFORMATION
Accepted for Publication: March 24, 2018.

Published Online: May 17, 2018.
doi:10.1001/jamaoto.2018.0409

Author Contributions: Dr Crawley had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.

Study concept and design: Crawley, Krishna.
Acquisition, analysis, or interpretation of data: All
authors.

Drdfting of the manuscript: Crawley, Mousselli.
Critical revision of the manuscript for important
intellectual content: Crawley, Dehom, Thiel, Yang,
Cragoe, Krishna, Murry.

Statistical analysis: Crawley, Dehom, Yang, Cragoe.
Administrative, technical, or material support:
Crawley, Mousselli, Murry.

Study supervision: Crawley, Krishna.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest, and
none were reported.

Additional Contributions: We thank Daniel Fisher,
PhD, for his assistance in the preparation of this
manuscript. He was not compensated for his
assistance and has given written consent for
inclusion in this section.

REFERENCES

1. RyuCH, HanS, Lee MS, et al. Voice changes in
elderly adults: prevalence and the effect of social,
behavioral, and health status on voice quality. J Am
Geriatr Soc. 2015;63(8):1608-1614.

2. Golub JS, Chen PH, Otto KJ, Hapner E, Johns
MM I1I. Prevalence of perceived dysphonia in a

geriatric population. J Am Geriatr Soc. 2006;54(11):

1736-1739.

3. Roy N, Kim J, Courey M, Cohen SM. Voice
disorders in the elderly: a national database study.
Laryngoscope. 2016;126(2):421-428.

4. de Aratjo Pernambuco L, Espelt A, Balata PM,
de Lima KC. Prevalence of voice disorders in the
elderly: a systematic review of population-based
studies. Eur Arch Otorhinolaryngol. 2015;272(10):
2601-26009.

jamaotolaryngology.com

5. Coyle SM, Weinrich BD, Stemple JC. Shifts in
relative prevalence of laryngeal pathology in a
treatment-seeking population. J Voice. 2001;15(3):
424-440.

6. Davids T, Klein AM, Johns MM IlI. Current
dysphonia trends in patients over the age of 65:
is vocal atrophy becoming more prevalent?
Laryngoscope. 2012;122(2):332-335.

7. Reulbach TR, Belafsky PC, Blalock PD, Koufman
JA, Postma GN. Occult laryngeal pathology in a
community-based cohort. Otolaryngol Head Neck
Surg. 2001;124(4):448-450.

8. Rosen CA, Lee AS, Osborne J, Zullo T, Murry T.
Development and validation of the Voice Handicap
Index-10. Laryngoscope. 2004;114(9):1549-1556.

9. Belafsky PC, Postma GN, Koufman JA. Validity
and reliability of the Reflux Symptom Index (RSI).
J Voice. 2002;16(2):274-277.

10. Belafsky PC, Mouadeb DA, Rees CJ, et al.
Validity and reliability of the Eating Assessment
Tool (EAT-10). Ann Otol Rhinol Laryngol. 2008;117
(12):919-924.

11. Shembel AC, Rosen CA, Zullo TG,
Gartner-Schmidt JL. Development and validation of
the Cough Severity Index: a severity index for
chronic cough related to the upper airway.
Laryngoscope. 2013;123(8):1931-1936.

12. Gartner-Schmidt JL, Shembel AC, Zullo TG,
Rosen CA. Development and validation of the
Dyspnea Index (DI): a severity index for upper

airway-related dyspnea. J Voice. 2014;28(6):775-782.

13. Cohen SM, Statham M, Rosen CA, Zullo T.
Development and validation of the Singing Voice

Handicap-10. Laryngoscope. 2009;119(9):1864-1869.

14. Hogikyan ND, Sethuraman G. Validation of an
instrument to measure voice-related quality of life
(V-RQOL). J Voice. 1999;13(4):557-569.

15. Brazier JE, Harper R, Jones NM, et al. Validating
the SF-36 health survey questionnaire: new
outcome measure for primary care. BMJ. 1992;305
(6846):160-164.

16. Lyons RA, Perry HM, Littlepage BN. Evidence
for the validity of the Short-form 36 Questionnaire
(SF-36) in an elderly population. Age Ageing. 1994;
23(3):182-184.

17. Mendes Laureano J, S& MF, Ferriani RA, Romao
GS. Variations of jitter and shimmer among women

in menacme and postmenopausal women. J Voice.
2009;23(6):687-689.

18. Gregory ND, Chandran S, Lurie D, Sataloff RT.
Voice disorders in the elderly. J Voice. 2012;26(2):
254-258.

19. Dehgan A, Scherer RC, Dashti G,
Ansari-Moghaddam A, Fanaie S. The effects of aging
on acoustic parameters of voice. Folia Phoniatr Logop.
2012;64(6):265-270.

20. Schaeffer N, Knudsen M, Small A.
Multidimensional voice data on participants with
perceptually normal voices from ages 60 to 80:
a preliminary acoustic reference for the elderly
population. J Voice. 2015;29(5):631-637.

21. Pontes P, Yamasaki R, Behlau M. Morphological
and functional aspects of the senile larynx. Folia
Phoniatr Logop. 2006;58(3):151-158.

22. Bloch I, Behrman A. Quantitative analysis of
videostroboscopic images in presbylarynges.
Laryngoscope. 2001;111(11, pt 1):2022-2027.

23. Linville SE. The sound of senescence. J Voice.
1996;10(2):190-200.

24. Uloza V, Vegiené A, Pribuiiené R, Saferis V.
Quantitative evaluation of video laryngostro-
boscopy: reliability of the basic parameters. J Voice.
2013;27(3):361-368.

25. 2010 US Census Data. https://www.census.gov
/2010census/data/. Accessed April 5, 2018.

26. Takano S, Kimura M, Nito T, Imagawa H,
Sakakibara K, Tayama N. Clinical analysis of
presbylarynx: vocal fold atrophy in elderly
individuals. Auris Nasus Larynx. 2010;37(4):461-464.

27. Vaca M, Cobeta |, Mora E, Reyes P. Clinical
assessment of glottal insufficiency in age-related
dysphonia. J Voice. 2017;31(1):128.e1-128.e5.

28. Woo P, Casper J, Colton R, Brewer D.
Dysphonia in the aging: physiology versus disease.
Laryngoscope. 1992;102(2):139-144.

29. Lundy DS, Silva C, Casiano RR, Lu FL, Xue JW.
Cause of hoarseness in elderly patients. Otolaryngol
Head Neck Surg.1998:118(4):481-485.

30. MauT, Jacobson BH, Garrett CG. Factors
associated with voice therapy outcomes in the
treatment of presbyphonia. Laryngoscope. 2010;
120(6):1181-1187.

31. Vaca M, Mora E, Cobeta I. The aging voice:
influence of respiratory and laryngeal changes.
Otolaryngol Head Neck Surg. 2015;153(3):409-413.

JAMA Otolaryngology-Head & Neck Surgery July 2018 Volume 144, Number 7

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 08/27/2022

571


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoto.2018.0409&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2018.0409
https://www.ncbi.nlm.nih.gov/pubmed/26140657
https://www.ncbi.nlm.nih.gov/pubmed/26140657
https://www.ncbi.nlm.nih.gov/pubmed/17087701
https://www.ncbi.nlm.nih.gov/pubmed/17087701
https://www.ncbi.nlm.nih.gov/pubmed/26280350
https://www.ncbi.nlm.nih.gov/pubmed/25149291
https://www.ncbi.nlm.nih.gov/pubmed/25149291
https://www.ncbi.nlm.nih.gov/pubmed/11575638
https://www.ncbi.nlm.nih.gov/pubmed/11575638
https://www.ncbi.nlm.nih.gov/pubmed/22252988
https://www.ncbi.nlm.nih.gov/pubmed/11283505
https://www.ncbi.nlm.nih.gov/pubmed/11283505
https://www.ncbi.nlm.nih.gov/pubmed/15475780
https://www.ncbi.nlm.nih.gov/pubmed/12150380
https://www.ncbi.nlm.nih.gov/pubmed/19140539
https://www.ncbi.nlm.nih.gov/pubmed/19140539
https://www.ncbi.nlm.nih.gov/pubmed/23737389
https://www.ncbi.nlm.nih.gov/pubmed/25311596
https://www.ncbi.nlm.nih.gov/pubmed/19572269
https://www.ncbi.nlm.nih.gov/pubmed/10622521
https://www.ncbi.nlm.nih.gov/pubmed/1285753
https://www.ncbi.nlm.nih.gov/pubmed/1285753
https://www.ncbi.nlm.nih.gov/pubmed/8085500
https://www.ncbi.nlm.nih.gov/pubmed/8085500
https://www.ncbi.nlm.nih.gov/pubmed/19111436
https://www.ncbi.nlm.nih.gov/pubmed/19111436
https://www.ncbi.nlm.nih.gov/pubmed/21530163
https://www.ncbi.nlm.nih.gov/pubmed/21530163
https://www.ncbi.nlm.nih.gov/pubmed/23328404
https://www.ncbi.nlm.nih.gov/pubmed/23328404
https://www.ncbi.nlm.nih.gov/pubmed/25683920
https://www.ncbi.nlm.nih.gov/pubmed/16636563
https://www.ncbi.nlm.nih.gov/pubmed/16636563
https://www.ncbi.nlm.nih.gov/pubmed/11801990
https://www.ncbi.nlm.nih.gov/pubmed/8734394
https://www.ncbi.nlm.nih.gov/pubmed/8734394
https://www.ncbi.nlm.nih.gov/pubmed/23465526
https://www.ncbi.nlm.nih.gov/pubmed/23465526
https://www.census.gov/2010census/data/
https://www.census.gov/2010census/data/
https://www.ncbi.nlm.nih.gov/pubmed/20036792
https://www.ncbi.nlm.nih.gov/pubmed/26804785
https://www.ncbi.nlm.nih.gov/pubmed/1738285
https://www.ncbi.nlm.nih.gov/pubmed/9560099
https://www.ncbi.nlm.nih.gov/pubmed/9560099
https://www.ncbi.nlm.nih.gov/pubmed/20513037
https://www.ncbi.nlm.nih.gov/pubmed/20513037
https://www.ncbi.nlm.nih.gov/pubmed/26156424
http://www.jamaotolaryngology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2018.0409

