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Summary: Objective. A core component of vocal hygiene programs is the avoidance of agents that may dry the
vocal folds. Clinicians commonly recommend that individuals reduce caffeine intake because of its presumed dehydrat-
ing effects on the voice. However, there is little evidence that ingestion of caffeine is detrimental to voice production.
The first objective of this study was to evaluate whether caffeine adversely affects voice production. The second objec-
tive was to evaluate if caffeine exacerbates the adverse phonatory effects of vocal loading.
Study Design. Prospective, double-blinded, sham-controlled study.
Methods. Sixteen healthy adults participated in two sessions where they consumed caffeine (caffeine concentra-
tion¼ 480 mg) or sham (caffeine concentration¼ 24 mg) beverages. Voice measures (phonation threshold pressure
and perceived phonatory effort) were collected. Subjects then completed a vocal loading challenge and voice measures
were obtained again.
Results. There were no significant differences in voice measures between the caffeine and sham conditions. Ingestion
of caffeine did not adversely affect voice production (P > 0.05) or exacerbate the detrimental phonatory effects of vocal
loading (P > 0.05).
Conclusions. Our findings contribute to emerging knowledge on the effects of caffeine on voice production. Recom-
mendations to completely eliminate caffeine from the diet, as a component of a vocal hygiene program, should be eval-
uated on an individual basis.
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INTRODUCTION

Avoiding agents that dehydrate the vocal folds is an integral
component of vocal hygiene education.1,2 Systemic
dehydration is detrimental to voice production.3,4 Because of
the presumed systemic drying action of caffeine,2,5 voice
clinicians recommend avoidance of caffeinated beverages.6,7

This remains common clinical adage even with little
supporting evidence that caffeine consumption induces
negative changes to voice. Consequently, the first objective of
this study was to investigate whether caffeine is detrimental
to phonation. Voice measures were compared with subjects,
who each consumed beverages that contained large amounts
of caffeine (caffeinated beverages) and negligible amount of
caffeine (sham beverages). Voice measures included
phonation threshold pressure (PTP) and perceived phonatory
effort (PPE). PTP is an appropriate voice measure to evaluate
the phonatory effects of caffeine because PTP estimates the
lung pressure that is required for maintaining voicing at
threshold loudness8 and is sensitive to systemic dehydration.4,9

Another useful indicator of the phonatory effects of caffeine
may be participant ratings of effort required for voice
production (PPE).10 To determine if caffeine changes voice,
PTP and PPE ratings were obtained after consuming caffein-
ated and sham beverages. An increase in PTP and/or PPE fol-
lowing caffeine but not sham beverages would suggest caffeine
is detrimental to voice production.

The second objective of this investigation was to evaluate
whether caffeine exacerbates the detrimental phonatory effects
of vocal loading. This question is clinically relevant because
individuals often work and socialize in environments where
they engage invocal loading activity such as prolonged speaking
in background noise.11 It is well known that vocal loading alone
adversely affects the voice,12 and there is emerging evidence
that systemic dehydration may exacerbate the negative phona-
tory effects of vocal loading.3 To examine the relationship
between dehydration and vocal loading in the context of the pur-
ported systemic drying action of caffeine, we examined the
interaction between caffeine consumption and vocal loading
on PTP and PPE. Findings from this investigation are important
for the development of evidence-based recommendations
regarding the effects of caffeine consumption on voice
production.

METHODS

Participants

All procedures used here were approved by the Purdue
University Institutional Review Board. Sixteen healthy
adults (eight males and eight females; mean age¼ 23 years)
with perceptually normal speech and voice participated in
this investigation. Participants reported a negative history
for hearing problems, respiratory disease, smoking, reflux-
ing, and prescription medication (except oral contracep-
tives). All female subjects participated during the follicular
phase of their menstrual cycle. Eight individuals had
received vocal training (Table 1), either through group
and/or solo singing (seven subjects) or theatrical speaking
(1 subject). Trained subjects were purposely included
because they frequently engage in vocal loading-type activ-
ities and are also instructed to avoid caffeinated beverages
to maintain a healthy voice.
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Procedure

This investigation utilized a double-blinded, sham-controlled,
repeated-measures design. Participants were blinded to the
objectives of this study and consented to an investigation exam-
ining the ‘‘effects of taste and temperature of ingested beverages
on voice production.’’ Likewise, the investigators collecting and
analyzing the datawere blinded towhether the consumed bever-
ages were caffeinated or sham. Each subject participated in two
experimental sessions scheduled at the same time on two con-
secutive days. In each session, subjects ingested either caffein-
ated beverages (caffeine content �480 mg) or sham beverages
(caffeine content �24 mg). The sessions were counterbalanced
across subjects. The caffeinated beverages consisted of two
12-ounce caffeinated Starbucks coffees, whereas the sham bev-
erages consisted of two 12-ounce Starbucks decaffeinated cof-
fees. During both the caffeine and sham sessions, participants
left the laboratory following consumption of the first beverage
and returned for the second beverage and voice testing within
2.5–3 hours. Total duration of each experimental session was
5 hours beginning with consumption of the first beverage.
This timeline is within the elimination half-life of caffeine.13

Participants were instructed not to consume caffeine before
the experimental sessions. Only one participant reportedly con-
sumed a 20-ounce soda (caffeine content �63 mg) before the
caffeinated session.

Data collection procedures were identical for both sessions
and completed in a humidity-controlled environment
(70% ± 6%). Following consumption of the second beverage,
voice measures were collected. These voice measures are here-
after referred to as preloading measures. Participants then com-
pleted a vocal loading challenge. Specifically, the vocal loading
challenge for the nontrained subjects, and the one subject
trained in theatrical speaking consisted of 35 minutes of reading
aloud in background noise (cafeteria noise: 65 dB sound pres-
sure level). The vocal loading challenge for the subjects trained

in group and/or solo singing consisted of 35 minutes of singing
in identical background noise. Voice measures were reassessed
and this time point is hereafter referred to as Loading35. Sub-
jects then completed an additional 35 minute vocal loading
challenge as described above, and voice measures were reob-
tained, and this time point is hereafter referred to as Loading70.
The voice measures included PTP and PPE.
Initially, subjects were trained on the PTP task.14 The training

consisted of subjects repeatedly practicing the PTP task (enun-
ciating a five to seven /pi/ syllable string in a soft voice, on a sin-
gle breath at a rate of 1.5 syllables/second guided with
a metronome). Participants were provided visual feedback and
investigator modeling during the training. Participants were
trained on the PTP task at two different pitches. These pitches
were the 10th and 80th percent pitch of each subjects’maximum
pitch range.15 Extreme pitcheswere purposely selected based on
prior research that the effects of systemic dehydration are most
apparent at PTP productions at high pitch.4 Participants were
deemed trained when the following criteria were met at both
the 10th and 80th percent of the pitch range: /pi/ pressure peaks
of equal height, consistent quiet voicing, and oral flows ap-
proaching 0 mL/s with nostrils occluded.14 Once trained to the
above criteria, PTP measures were collected at the 10th and
80th pitches (hereafter referred to as PTP10 and PTP80, respec-
tively). At least five repetitions of the PTP task were collected
at PTP10 and PTP80. The instrumentation for PTP collection in-
cluded a circumferentially vented pneumotachograph facemask
coupled to transducers (Glottal Enterprises, Syracuse, NY) for
the measurement of oral flow (sampling rate¼ 1000 Hz) and
oral pressure (sampling rate¼ 100 Hz). Within each /pi/ sylla-
ble string, the middle three /p/ peaks were selected, and adjacent
peaks were measured to estimate lung pressure during the inter-
vening /i/. Estimated lung pressures from each string were aver-
aged for the final PTP at each pitch.15 PTP analysis was
completed by investigators blinded to the identity of the exper-
imental session. To ensure PTPmeasurement accuracy between
investigators, 10% of the /pi/ syllable strings were remeasured,
and interrater reliabilitywas computed. To ensure PTPmeasure-
ment accuracy within an investigator, 10% of the /pi/ syllable
strings were remeasured and intrarater reliability was also com-
puted. Inter- (r¼ 0.98) and intrarater reliability (r¼ 0.99)
revealed strong correlations.
To obtain PPE ratings, subjects sang ‘‘Happy Birthday’’ in

a soft voice starting at the 50th percent pitch of the maximum
phonation range.16 Subjects rated the effort for singing on
a 1000 visual analog scale with anchors of ‘‘no vocal effort’’ and
‘‘maximum vocal effort.’’15 Subjects rated PPE at three time
points (Preloading, Loading35, and Loading70). Analysis of
PPE was completed by measuring the distance in inches, from
the ‘‘novocal effort’’ anchor to the subject’s PPE rating, by inves-
tigators blinded to the identity of the experimental session.13 To
ensure PPE measurement accuracy between investigators, 10%
of PPE ratings were remeasured and interrater reliability was
computed. To ensure PPE measurement accuracy within an in-
vestigator, 10% of PPE ratings were remeasured and intrarater
reliability was computed. Inter- (r¼ 0.99) and intrarater reliabil-
ity (r¼ 0.99) revealed strong correlations.

TABLE 1.

Subject Characteristics

Subject

Number Gender Age (Years)

Training

(Years)

1 Male 18 6

2 Male 21 10

3 Male 20 7

4 Male 20 10

5 Male 26 None

6 Male 27 None

7 Male 20 None

8 Male 25 None

9 Female 24 10

10 Female 20 5

11 Female 27 9

12 Female 32 10

13 Female 19 None

14 Female 20 None

15 Female 20 None

16 Female 23 None
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Statistical analysis

Data were analyzed using amixed general linear model analysis
of variance (ANOVA; alpha level¼ .05). The t tests were used
for post hoc analyses. The independent variables were condi-
tion (caffeine/sham) and vocal loading (Preloading, Loading35,
and Loading70). The dependent variables were PTP10, PTP80,
and PPE. Because the core objectives of this study were to
investigate the effects of caffeine on phonation and the interac-
tion between vocal loading and caffeine, and because visual
inspection of the data did not reveal group differences because
of vocal training, data for trained and nontrained subjects were
merged in statistical analysis.

RESULTS

This investigation evaluated the effects of caffeine and vocal
loading on voice production. Caffeine consumption did not
adversely affect voice production (Figures 1 and 2). There
were no significant differences between the caffeine and
sham conditions for PTP10, PTP80, or PPE (P > 0.05).
Ingestion of caffeine or sham beverages did not worsen the
effects of vocal loading for PTP10, PTP80, or PPE (P > 0.05).

However vocal loading, alone, significantly increased PTP10
and PTP80 (P < 0.01, Figure 1). Post hoc testing revealed that
PTP10 and PTP80 significantly increased after 35 minutes of
vocal loading and after 70 minutes of vocal loading (P < 0.01,
Figure 1). Conversely, PPE did not increase with vocal loading
(P > 0.05, Figure 2). Details from the statistical analyses are
presented in Table 2.

DISCUSSION

Over the past 20 years, caffeine consumption has increased
substantially.17 Caffeine is the world’s most widely used die-
tary stimulant18 with the average adult consuming approxi-
mately 227 mg caffeine per day17,19 in its various forms.
Following oral ingestion, caffeine is rapidly absorbed by the
gastrointestinal tract and elicits numerous physiological and
biochemical effects.13,20 For example, caffeine consumption
increases excretion of water and electrolytes.13 This diuretic
action of caffeine is presumed to induce systemic dehydra-
tion.2,5 Given that systemic dehydration negatively affects
voice production,4,9 voice clinicians strongly caution against
excessive caffeine use.1,21,22

To the best of our knowledge, only one pilot investigation has
examined the effects of caffeine consumption (250 mg caffeine
tablets) on voice.5 The results of this pilot investigation were
nonsignificant, but no definite conclusions could be drawn sec-
ondary to small sample size and the lack of the following: double
blinding, within-subject controls, and temporal controls. The
present study incorporated a double-blinded, sham-controlled,
repeated-measures design, where each participant consumed
both caffeinated and sham beverages in counterbalanced order,
on different days, to investigatewhether caffeine consumption is
detrimental to voice production. Although the caffeine concen-
trations utilized here are greater than that consumed by the aver-
age adult,17 this dosage was purposely chosen. Past research
suggests that the diuretic response to caffeine occurs at doses
exceeding 300 mg.23 It is of note that despite the high dose of

FIGURE 1. The nonsignificant interaction effect of caffeine con-

sumption (caffeinated beverage/sham beverage) and vocal loading

(Preloading, Loading35, Loading70) on PTP10 and PTP80. Ingestion

of caffeine or sham beverages did not exacerbate the effects of vocal

loading. However, vocal loading significantly increased PTP10 and

PTP80. The * denotes the statistically significant increase in PTP10
and PTP80 after 35 and 70 minutes of vocal loading (P < 0.05). Error

bars represent standard errors.

FIGURE 2. The nonsignificant interaction effect of caffeine con-

sumption (caffeinated beverage/sham beverage) and vocal loading

(Preloading, Loading35, Loading70) on PPE. Ingestion of caffeine or

sham beverages did not exacerbate the effects of vocal loading. In

addition, vocal loading did not significantly increase PPE. Error bars

represent standard errors.
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caffeine intake in this study (480 mg) no changes in PTP and
PPE were observed.

The absence of a significant effect in PTP and PPE following
consumption of caffeinated beverages is surprising because
these measures are thought to be sensitive to changes in vocal
fold hydration status.4,9 It is possible that caffeine does not
produce a diuretic effect of sufficient magnitude to elicit
negative voice changes in healthy subjects who maintain
a regular balanced diet.20 Although the extent of fluid loss post-
caffeine ingestion was not quantified here, previous voice
research demonstrates that adverse voice changes (as measured
by PTP) occur only after substantial systemic fluid loss induced
by dialysis9 or the loop diuretic, Lasix.4 The effects of caffeine
intake on systemic physiology and biochemistry may provide
further insight into the nonsignificant changes in PTP and
PPE observed in this study. Healthy individuals quickly develop
a tolerance to the diuretic effects of caffeine, a tolerance
strengthened by regular caffeine consumption.20,23 In this
investigation, all but two participants reported using caffeine,
although the frequency of caffeine use ranged from once per
month to twice per day. Further study is required on how
tolerance to caffeine affects voice production. Future studies
should also include a caffeine withdrawal period, because the
diuretic action of caffeine is most noted in individuals
deprived of caffeine for a period of days.24 We did not impose
a withdrawal period in this study to mimic realistic conditions
for participants.

Systemic dehydration has been previously shown to exacer-
bate the negative effects of vocal loading.3 In the current inves-
tigation, ingestion of caffeine did not have a significant effect
on voice production in either trained or nontrained speakers
exposed to vocal loading. One possible interpretation of this
finding is that the dose of caffeine used here did not induce
the extent of systemic dehydration needed to exacerbate the

ill effects of vocal loading. However, the vocal loading task,
alone, significantly increased PTP independent of caffeine con-
sumption. Therefore, it is also possible that the detrimental
effects of vocal loading were of sufficient magnitude to override
the negative phonatory effects, if any, associated with caffeine
intake. Surprisingly, PPE did not increase following vocal
loading. The rationale for this finding is unclear, but could be
related to the nature of the singing task used to elicit PPE
ratings.

CONCLUSIONS

Findings from the present study suggest that a high dose of caf-
feine does not adversely affect PTP or PPE measures within the
timeline examined. Additional measures may be more sensitive
to caffeine-induced perturbations in vocal fold physiology. We
selected PTP and PPE measures as these techniques are com-
monly used to detect changes in vocal fold function. This study
lays the groundwork for further investigations that quantify the
specific amount of dehydration induced by caffeine, in larger
sample sizes, to develop evidence-based recommendations
regarding caffeine consumption and voice.
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