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ABSTRACT OF THE THESIS
EFFECTS OF ACIDIC FOODS ON VOCAL QUALITY OF VOCALLY HEALTHY
INDIVIDUALS
by
Melissa Barbieri
Florida International University, 2021
Miami, Florida
Professor Balaji Rangarathnam, Major Professor

The purpose of the current study was to examine the relationship between the
consumption of acidic liquids on the vocal quality of vocally healthy individuals. Acidic
foods and liquids are known to be possible causes of common voice disorders because of
their putative effect on systemic hydration of the vocal folds impacting their viscoelastic
properties and eventually affecting vocal quality. This study investigated the effects of
acidic foods on vocal quality in comparison to the effects of non-acidic/alkaline beverages
in vocally healthy individuals.

Participants were provided with 4 oz of either an acidic or alkaline drink and voice
measures were analyzed at baseline, immediately after and 1-hour post consumption.
Results demonstrate that acidic beverages negatively impact vocal measures immediately
after the consumption of acidic beverages, particularly in females. This research is
significant in providing objective information for preventative care and vocal hygiene
education.

Keywords: vocal folds, reflux, dehydration, vocal quality
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CHAPTER 1
INTRODUCTION:

The purpose of the current study was to examine the relationship between the
consumption of acidic liquids on the vocal quality of vocally healthy individuals. This
research is significant in providing objective information for preventative voice care, and
vocal hygiene education. Acidic foods and liquids are known to be possible causes of
common voice disorders because of their putative effect on systemic hydration of the vocal
folds. Acidity and dehydration impact their viscoelastic properties and eventually affect
vocal quality, as they are found in over 50% of dysphonic patients (Karkos et al., 2007).
Furthermore, acidic foods can also potentially cause gastroesophageal reflux disease
(GERD) which occurs when gastric contents travel up the esophagus, and in some cases,
into the pharynx, described as laryngopharyngeal reflux (LPR) (Mendell & Logemann,
2002). Reflux occurs due to several underlying lower esophageal sphincter (LES)
disorders. A minority of people will experience decreased LES pressure (LESP), but
generally, the cause of reflux is found in frequent transient LES relaxation (TLESR)
(Kahrilas, 2003). Previous studies have reported that LPR is associated with several
laryngeal diagnoses, including but not limited to, posterior vocal fold edema and erythema,
contact ulcers and granulomas, subglottic stenosis, and even cancer of the larynx or
esophagus (Mendell & Logemann, 2002, Sataloff et al, 2010).

The effects of acidic foods on vocal quality immediately after and 1-hour post
consumption of acidic beverages in comparison to the effects of non-acidic/alkaline
beverages were investigated in vocally healthy individuals. Extant literature has

demonstrated two mechanisms of pathophysiology of the impact of acidic foods on the



laryngeal mucosa and, consequently, voice production: 1. The possibility of reduction in
the systemic hydration of the laryngeal structures and 2. The possibility of exposure of
lower pH levels in the larynx due to reflux of gastric content. Both these pathophysiological
mechanisms have been demonstrated to negatively impact the vocal fold histology.
CHAPTER II
REVIEW OF THE LITERATURE
Vocal Fold Histology

Vocal folds are made up of three primary layers, which begins with an inner
muscular layer, being the thyroarytenoid muscle (Zhang, 2016). This is followed by a soft
tissue layer called the lamina propria, followed by the final, outer epithelial layer (Weiss
et al., 2016; Xue et al., 2011). The lamina propria itself can be divided into three layers: a
superficial layer which consists of elastin and collagen fibers, an intermediate layer mostly
made of elastin fibers, and finally, a deep layer mainly consisting of dense, collagen fibers
(Titze, 2000; Zhang, 2016). These layers are often condensed into a body-cover structure
in which the body layer includes the thyroarytenoid muscle and deep layer of the lamina
propria, and the cover includes both the intermediate and superficial lamina propria, in
addition to the epithelial layer (Zhang, 2016).

Of importance, the epithelium and superficial lamina propria serve two primary
purposes: 1. Protect the connective tissue from damage and 2. Provide flexible movement
to aid in vocal fold vibration (Novaleski et al., 2017; Teller et al., 2012). The viscoelastic
properties of the epithelium are what makes it such a unique and valuable asset to the vocal
folds, especially in the presence of high-intensity voice demands (Teller et al., 2012). In

addition to its pliability, the epithelium is also able to rapidly reproduce cells in the event



of damage (Novaleski et al., 2017). This rapid cell turnover allows the vocal folds to
quickly recover from environmental and external irritants (Novaleski et al., 2017).

In addition to rapid cell turnover, the epithelium is composed of approximately 5-
10 epithelial cell layers, only reinforcing its ability to withstand changes (Levendoski et
al., 2014). Epithelial cells transport ions and water and respond to a variety of
environmental challenges such as phonotrauma and reflux (Levendoski et al., 2014). This
occurs at the level of the cell junctions, in which the epithelium creates a barrier comprised
of protein complexes (Levendoski et al., 2014). This barrier not only protects the innermost
layers of the epithelium, but also binds the cells together to prevent irritants from entering
the paracellular space (Levendoski et al., 2014). Thus, this barrier serves to prohibit water,
ions, and large solutes from freely passing through (Marchiando et al., 2010). In addition,
both collagen and elastin permeate the lamina propria, which contributes to the vocal fold
strength, elasticity, and elongation; while fibroblasts, myofibroblasts, and macrophages
make up the folds at the cellular level (Walimbe et al., 2017). These macrophages and
myofibroblasts help repair any vocal fold damage, like phonotrauma, to a certain threshold
(Walimbe et al., 2017). Collagen present in the vocal folds not only aid in stability and
movement, but shaping of new, growing tissue, and as a result, repair (Hahn et al., 2006b).
The quantity of collagen fibers depends on age and gender, and as a result, females are
more likely to develop scarring or other vocal fold pathologies because they have less
collagen fibers (Hahn et al., 2006b). In addition to the elastic fibers found in the lamina
propria, hyaluronic acid (HA) is present to contribute to vocal fold hydration, angiogenesis,

wound repair, and cell proliferation (Hahn et al., 2006a).



Repair of the vocal folds is not a simple resolution, however, as the tissue’s
response to injury will be expressed as scarring. When the vocal folds are scarred, the
extracellular matrix involving the mucosal lining will become stiff and mucosal waves will
be restricted during phonation due to the increased viscosity and collagen depositions of
the vocal folds (Hirano et al., 2009; Walimbe et al., 2017), thereby affecting vocal quality.
Vocal scarring can be rooted in a handful of etiologies, and are not necessarily iatrogenic
in nature, such as through chronic inflammation from chemical or mechanical injury (from
acidic chemicals or vocal misuse) (Hirano et al., 2009, Mattei et al., 2017). Vocal fold
scarring occurs in 3 stages: beginning in inflammation, proliferation, and finally,
remodeling (Mattei et al., 2017). Inflammation occurs in the first 4 to 8 hours after injury
and cells with fibroblastic cells are drawn to the area of injury and differentiate into
myofibroblasts. This is followed by the breaking down of collagen and elastin fiber
bundles, and finally fine, type III collagen is replaced by type I between day 5 and 7, which
is associated with fibrosis (Karsdal, 2016; Mattei et al., 2017).

When a voice is heavily loaded upon, the superficial lamina propria carries the
weight of the trauma in the form of scarring, which as a result has a negative impact on the
viscoelastic properties of the vocal folds (Teller et al., 2012). This scarring leads to a
diminished mucosal wave formation due to the increased viscosity of the vocal folds
(Walimbe et al., 2017). These “microtraumas” set forth a vicious cycle worsening and
potentially causing long-term impairments in vocal quality (Lechien et al. 2020). The most
commonly attributed vocal quality characteristic perceived by patients suffering from
reflux is hoarseness, but this could subsequently cause secondary laryngeal muscular

tension (Lechien et al., 2017). That is, when the mucosal wave and its ability to repair itself



is put at risk when overwhelmed by acidic, extraneous agents (ex., reflux) and/or
phonotrauma, laryngeal pathologies such as nodules, polyps, and Reinke’s edema become
more likely (Lechien et al., 2020).

For healthy vocal fold histology, it is also critical for the tissues to be constantly
hydrated, both systemically and superficially (Sivasankar & Leydon, 2010). Systemic
hydration is characterized by hydration found within the body, whereas superficial
hydration is fluid coating the surface of the vocal folds and the laryngeal lumen (Sivasankar
& Leydon, 2010). Systemic dehydration can be caused by a simple reduction in water
consumption, or water loss through diarrhea or emesis (Cannes do Nascimento et al., 2020).
Vocal folds are hydrated by consuming the required quantity of water throughout the day
(approximately 64 fl. 0z.), reducing ingesting dehydrating agents, such as caffeine and
alcohol, and using nebulizers/steam inhalation (Hartley & Thibeault, 2014). When vocal
folds are dehydrated, the minimum subglottal pressure to initiate vocal fold vibration
known as phonation threshold pressure is increased, thus impairing vocal fold viscosity,
and consequently, vocal fold vibratory properties (Sivasankar & Leydon, 2010).
Furthermore, superficial hydration serves as a protective barrier against tissue damage
(Leydon et al., 2009). Maintaining this ideal hydration homeostasis is critical for shielding
the vocal folds from vocal loading agents such as phonotrauma or other contributing factors
including speaking environment, hydration etc. (Leydon et al., 2009). A few studies have
demonstrated a causal link between acidity and dehydration (e.g. Dworkin-Valenti et al.,

2015; Heil, 2010).



Effects of Dehydration on Vocal Fold Histology:

Dehydration negatively affects vocal fold tissue morphology and consequently
vocal quality. Oftentimes, the effects of vocal fold dehydration can manifest as laryngeal
inflammation in which reflux could be a major underlying cause (among many others)
(Dworkin-Valenti et al., 2015). Dehydrating/acidic agents, such as alcohol (which serves
as a diuretic) cause vocal folds to develop mucous which can be exacerbating to vocal fold
vibration (Landman, 2018). In addition, this dehydration leads to less lubrication; dry,
unlubricated substances do not vibrate as easily as those which are lubricated (Landman,
2018). Especially in instances of prolonged phonation, vocal fold lubrication is necessary
for healthy vibratory patterns (Heman-Ackah et al., 2008). In an earlier study, however,
Erickson-Levendoski and Sivasankar (2011) investigated if caffeine ingestion would be
detrimental to voice production, and if it could exacerbate negative phonatory effects of
vocal loading, with conflicting results. Vocal outcome measures such as phonation
threshold pressure (PTP) and perceived phonatory effort (PPE) were investigated
(Erickson-Levendoski & Sivasankar, 2011). The authors reported that significant ingestion
of caffeine did not impair PTP or PPE within the timeline that was examined. Similarly,
Hartley and Thibeault (2014) found that though caffeine, alcohol, and diuretics are known
to be dehydrating agents, current literature has not revealed a correlation between these
substances and voice quality. In contrast, Akhtar et al. (2007) reported that caffeine did in
fact produce perceivable vocal quality alterations. Due to these conflicting results across
studies, it is important that different voice measures should be used and quantities of
beverages in order to develop a greater understanding of the effects of dehydrating agents

on voice (Akhtar et al., 2007; Erickson-Levendoski & Sivasankar, 2011).



In relation to systemic dehydration, data suggests that the laryngeal epithelial
barrier can be damaged due to the lack of hydration caused by phonotrauma and LPR,
which consequently leads to damaged tissue and thus, abnormal function (Cannes do
Nascimento et al., 2020). Phonation threshold pressure (PTP) is directly related to vocal
fold viscosity, and viscosity is hypothesized to be inversely proportional to hydration—
suggesting that PTP is also inversely related to hydration (Solomon & DiMattia, 2000). On
that premise, it is possible that increased water consumption could serve as an internal
irrigation system to optimize vocal fold viscosity (Solomon & DiMattia, 2000). In fact, in
a vocally fatiguing activity, participants who consumed significant amounts of water before
the task showed elevation of PTP to a lesser extent in comparison to those who were not
as systemically hydrated (Solomon & DiMattia, 2000). However, there is presently scarce
statistically remarkable data connecting the effects of hydration on the voice due to
methodological differences between investigations that render the studies impossible to
compare and generalize (Hartley & Thibeault, 2014). In order to gain a better
understanding on how the hydration spectrum interacts with phonation, muscular
involvement should also be considered. Because muscular function and movement can be
reduced and fatigued due to dehydration, it can be theorized that both intrinsic and extrinsic
laryngeal muscles could also be impaired, thus contributing to possible phonatory deficits
(Hartley & Thibeault, 2014). In addition, the reduced viscoelastic characteristics of
articulatory cartilages has been linked to dehydration, suggesting that the arytenoid

cartilages could be vulnerable to dehydration as well (Hartley & Thibeault, 2014).



Laryngopharyngeal Reflux and Voice Pathology

Laryngopharyngeal reflux (LPR) is defined as a fluid movement of gastric contents
up to the oral cavity and/or pharynx (Richter & Rubenstein, 2018). Patients who present
with reflux conditions report heartburn, regurgitation, chronic cough, and chronic
laryngitis (Richter & Rubenstein, 2018). The most common cause of reflux is related to
transient lower esophageal sphincter relaxation (TLESRs), which is characterized by the
relaxation of the LES separate from swallowing or peristalsis (Kahrilas, 2003). When
TLESRs occur, they can last between 10-60 seconds and can be present in healthy
individuals (Argyrou et al., 2018). Triggers to TLESR episodes include drugs/medications
(ex., antidepressants), hormones (ex., progesterone), foods (ex., chocolate, high fat foods),
and certain habits, such as drinking alcohol, caffeine, and smoking (Argyrou et al., 2018).
TLESR episodes do not always result in reflux reaching the upper esophageal sphincter
(UES) because generally, peristalsis will return the gastric contents back into the stomach
(Kahrilas, 2003). However, most patients suffering from GERD or LPR do so because of
the higher frequency of TLESR in comparison to nonpathologic episodes (Kahrilas, 2003).
Though GERD and LPR share many characteristics, it appears that the key pathology with
GERD is found mainly in lower esophageal dysfunction and dysmotility, whereas patients
with LPR will also be experiencing upper esophageal sphincter dysfunction as the gastric
contents reach the pharynx (Koufman et al., 2002). GERD generally occurs after the
ingestion of spicy, fatty, and citric foods, as well as chocolate and alcohol (Richter &
Rubenstein, 2018). In addition, carbonated drinks may also decrease LES pressure,

allowing gastric contents to more easily retrograde into the esophagus (Martinucci et al.,

2013).



The esophagus does have four preventative reflux measures, however, the first of
which is the lower esophageal sphincter (Rubin et al., 2014). Should the LES allow
stomach contents to flow in retrograde, esophageal acid clearance would occur, which is
the process to return to normal pH levels after a reflux episode (Rubin et al., 2014).
Esophageal acid clearance occurs with multiple swallows of salivary bicarbonate and is
completed in approximately 5 minutes (Rubin et al., 2014). The next form of defense is
esophageal epithelial resistance. When the esophagus is inflamed from a pepsin-induced
tissue injury, the esophageal mucosa will release bicarbonate to help balance the pH (Rubin
etal., 2014). Unfortunately, this line of defense does not occur at the level of the laryngeal
epithelium. The fourth and final anti-reflux defense in the upper digestive tract is the upper
esophageal sphincter, though like the LES, this can also be impaired (Rubin et al., 2014).

When a reflux event occurs, pepsin is bound to tissues in the larynx and esophagus.
However, proteolytic activation occurs through the introduction of an acid, generally
through the consumption of acidic foods or liquids (Rubin et al., 2014). Because pepsin
injury to the pharyngoesophageal structures caused by reflux (commonly mistaken to be
acid injury) is caused by a combination of pepsin and acid, acid suppression medications
do not fully address the causes of reflux damage (Rubin et al., 2014). Before pepsin has
been activated by acid, it is considered pepsinogen. The introduction of acid (dietary and/or
bile acid) to pepsinogen initiates the autocatalytic process, which will then continue to
break down the tissue, even when the acid/initial activator is no longer present—up to
approximately pH 8 (Bardhan et al., 2011). Even so, pepsin has the ability to activate itself
through endocytosis, even without reacidification (Bardhan et al., 2011). Though there are

mechanisms for defense against reflux, this chronic and escalating damage will impair the



body’s defenses, as well (Rubin et al., 2014). In addition, because the core function of a
proton-pump-inhibitor (PPI) is to reduce acidic contents in the stomach, the gastric volume
is reduced as well, and consequently, the volume of pepsin increases (Bardhan et al., 2011).
Because PPIs do not reduce reflux events, refluxate will continue to reach the
pharyngoesophageal structures, but primarily pepsin in concentration—thus, it is more
damaging (Bardhan et al., 2011). As a result, dietary modifications are fundamental in
reducing reflux events and halting the snowball effect of damage to tissue and reflux
defenses (Rubin et al., 2014). Though reflux and reflux triggers vary greatly from patient
to patient, there are general recommendations in order to suppress symptoms. Generally,
this begins as a detoxification diet in which foods which tend to be associated with
allergies/sensitivities are removed and slowly re-introduced. This can help identify a reflux
trigger in a patient’s diet. This may involve removing dairy, gluten, nuts, not eating within
4 hours of sleep, and drinking alkaline water (Rubin et al., 2014).

Some studies have broadly investigated the effects of acidic foods on vocal quality.
Vocal loading in the form of acidic foods, for example, not only weakens the epithelium’s
ability to regenerate, but leads to a form of chemical phonotrauma that can inflame the
vocal fold tissue (Lechien et al., 2020). Specifically, the presence of pepsin from reflux
plays a major role in inflaming the vocal folds by employing the spread and growth of
inflammatory cells. With inflamed vocal folds, it is common to observe muscular tension
during phonation as the individual attempts to push their voice, unknowingly at times past
their thresholds, leading to amplified phonotrauma (Lechien et al., 2020). The stimulation
of the esophagus during reflux events has been known to cause a reflexive laryngeal

contraction (Angsuwarangsee & Morrison, 2002). In addition, the common symptom of

10



reflux known as globus pharyngeus is also associated with increased tension in the pharynx
due to the refluxate (Angsuwarangsee & Morrison, 2002). This is in large due to the body’s
airway protection reflex, including glottic closure and constriction of the
laryngopharyngeal muscles, which can be triggered with refluxate (Angsuwarangsee &
Morrison, 2002).

When LPR occurs regularly, it can be associated with several different kinds of
laryngeal pathologies. More commonly, LPR is related to hoarseness, excessive throat
clearing, coughing, and globus pharyngeus (Cekin et al., 2012). Esophageal acid exposure
is related to the amount of time, within a 24-hour period, that the pH level of the esophagus
is lower than 4 (Kahrilas, 2003). Injury to the esophagus is determined by the duration of
the acid exposure, as well as the degree (Kahrilas, 2003). Acid exposure is determined by
the percent of time during a 24-hour day where the pH levels within the esophagus are less
than 4 (Kahrilas, 2003). LPR is also correlated with functional dysphonia, subglottic
stenosis, laryngospasm, interarytenoid pachydermia, vocal leukoplakia, vocal fold
carcinoma, localized or diffuse laryngeal edema, ventricular obliteration, posterior
laryngeal erythemia/hyperemia, posterior commissural hypertrophy, and vocal fold
granulation (Cekin et al., 2012, Li et al, 2014, Kuo et al, 2020; Sataloff et al., 2010). The
possible pathophysiology relates to the negative impact of the acidic/pepsin contents on
increasing vocal fold viscosity, thereby making them stiffer and consequently affecting
vibratory parameters such as the mucosal wave. Acoustically, jitter, shimmer, and NHR
will be impaired; this is perceived as hoarseness and roughness of the voice (Lechien et al.,

2016).
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In summary, the vocal folds are an intricate structure composed of three layers that
sophisticatedly balance vibration, length, and tension to arrive at an individual’s unique
voice. Any disequilibrium of the vocal folds via systemic dehydration, reflux, vocal
misuse/loading, or acidic foods can lead to major dissonance in its vibratory properties.
These changes can be reflected both in acoustic and/or perceptual measures of voice.
However, further data is necessary in order to substantiate the relationships between acidic
foods and voice quality in order to provide better rehabilitative and preventative care to
individuals with voice disorders and mitigate the effects of LPR on voice.

Statement of Need

A very common practice in clinical voice pathology relative to vocal hygiene
education is to intake copious amounts of water and avoid foods that can potentially cause
reflux. Although there is a wide body of literature to support how the viscoelastic properties
of the vocal folds can be affected because of vocal loading and phonotrauma, the immediate
effects of acidic foods on clinical voice measures have not been investigated.

Even though there are several recommendations that are believed to be beneficial
to prevent acid reflux, there is still a great deal of uncertainty and lack of data to confirm a
causational relationship between a diet/lifestyle modification and inhibiting reflux
(Martinucci et al., 2013). In order to improve patient care, treatment for reflux must be both
corroborated with data and standardized, but it is first vital to identify specific clinical
effects of reflux on voice, and whether or not individual diet choices have a significant,
causational relationship with impaired vocal quality. Professional voice users such as
actors, singers, teachers, lawyers, journalists, physicians, and clergy are all moderately or

highly at risk of developing occupational voice disorders due to high vocal demand
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(Vilkman, 2000). There are some simple steps to promote vocal health, such as hydration,
reducing background noise, and using voice amplifiers, but how to reduce consequences
of reflux on vocal quality is still yet to be resolved (Vilkman, 2000). Determining what
lifestyle changes are necessary to prevent reflux is imperative to providing
preventative/rehabilitative care and vocal hygiene education for a large population in need
of evidence-based treatment options.

Specific Aim and Hypothesis

Specific Aim. To determine the specific effects of the consumption of acidic
beverages on the perceptual and acoustic measures of voice between vocally healthy, self-
identifying and assigned at birth males and females in comparison with the consumption
of a non-acidic/alkaline beverage.

Hypothesis. Participants who consume the acidic beverage will demonstrate
negative changes in perceptual and acoustic measures of voice one-hour post consumption
when compared to the group consuming the alkaline beverage.

CHAPTER III
METHODOLOGY
Participants

All study procedures were conducted after the approval of the Florida International
University’s Institutional Review Board (IRB). The study recruited 100 participants
through community outreach via word of mouth. The 100 participants consisted of 50
persons who identify as female and were assigned female at birth, and 50 persons who
identify as male and were assigned male at birth, between the ages of 18 and 59 randomly

assigned to two groups: Group 1, that consumed 40z of a predominantly acidic beverage —
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cranberry juice; and Group 2, which consumed a measured quantity of a predominantly
alkaline beverage — caffeinated green tea. Participants were provided their randomly
selected beverage in order to control for beverage type/brand and quantity. The acidic
beverage was a 4 oz Ocean Spray cranberry juice cocktail. The alkaline drink was a 4 oz
serving of One Organic Green Tea Instant Powder. Each group was comprised of 25 males
and 25 females. Exclusion criteria included a history of LPR, GERD, or other voice
disorders. English speaking males and females of all races, ethnicities, and socio-economic
statuses, meeting the inclusionary criteria were enrolled in the study. Exclusion criteria was
screened via participant report on the Intake Form (See Appendix). All participants
provided written informed consent prior to participating in the study.
Procedures

The participants’ voices were recorded using PRAAT software (Boersma &
Weenink, 2021) with the clinician via Zoom (Zoom Video Communications Inc., 2020).
The participants connected with the clinician via Zoom, and the clinician recorded the
voice samples directly onto PRAATT. There were no controls for microphone/distance
from microphone for participants to maintain consistency between previously gathered
female data and new male data. Data collection efforts were modified to comply with social
guidelines for the COVID-19 pandemic. The voice recordings consisted of sustained
phonation of the vowels /a/, /i/, and /u/ for 3 seconds, reading 6 sentences from the
Consensus Auditory Perceptual evaluation of Voice (CAPE-V), 2 minutes of spontaneous
speech, rainbow passage, and counting 1-10. Participants provided these samples at three
time points: baseline, immediately after consumption of the beverage and 1 hour after the

consumption of the beverage. Participants were requested not to consume any food or
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liquids at least 2 hours prior to the baseline recording and during the 1-hour interim period
between the second and third time points. There were no voice restrictions for participants
during the 1-hour interim, again, in an effort to maintain consistency. Both objective and
subjective voice evaluations were acquired and analyzed for jitter, shimmer, NHR, and
auditory-perceptual characteristics. Two clinicians gathered voice samples and randomly
organized recordings by participant number, but without clarifying the data collection time
point or drink pH group. A different, double-blinded clinician analyzed the auditory-
perceptual voice characteristics.

Device used by participants was not controlled in this study, but if the participants
were connecting to the Zoom call via a computer, the clinician instructed participants on
how to disable Zoom’s noise cancellation feature as it impacted data collection for
sustained phonation. If participants connected via a cellular device, headphones with
microphones were highly encouraged as the feature cannot be disabled on the cellular
device application for Zoom. In the event that the full, sustained phonation could not be
collected in sample over at least 3 attempts due to the noise cancellation feature,
participant’s recordings were combined to arrive at the complete 3 second sample. This
occurred for 9 different male participants.

Data Analysis
To address the specific aim of this study, a mixed model analysis of variance (ANOVA)
was performed to understand the main effects of the acidic vs alkaline beverage and the

interaction effects of time points, gender, and group representation.

15



CHAPTER 1V
RESULTS
The results are presented in the following sub-headings:
1. Comparison Across Acidic Beverage in Comparison to Alkaline Beverage:
A two-way mixed ANOVA was conducted to investigate the impact of drink across three
timepoints. For the comparisons across the two groups, a statistically significant difference
was observed for fundamental frequency in the reading task, F(2, 190) = 3.08, p = .048
(Table 1). Specifically, in the acidic group the difference occurs between baseline and
immediately after consumption (increase by 3.327 Hz) and in the alkaline group between
baseline and post 1 hour consumption (decrease by 4.673 Hz). No other measures yielded
statistically significant differences. Whereas statistical significance was not observed for
other parameters, qualitative comparisons are suggestive of clinically relevant trends
(Figures 4-6). Specifically, it appears that both groups of participants demonstrated an
increase in jitter that fairly remained at higher levels one-hour post consumption of the
beverages. Shimmer and NHR were observed to be higher in the acidic group at the latter
two time points which was not apparent in the alkaline group.
2. Comparison Between Gender Assigned at Birth and Type of Beverage Across
Three Time Points:

Comparisons between male and female samples across the three time points and group
representation did not yield statistically significant differences. Because there were no
significant interactions across genders, separate ANOVA were performed in males and
females to observe changes in each gender. For male participants, statistically significant

differences across time points were observed for shimmer on sustained /a/, F(2, 94) = 3.15,
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p = .048, jitter for the rainbow passage, F(2, 94) = 3.17, p = .046, and the FO for the 2-
minute spontaneous conversation, F(2, 94) = 3.49, p = .035 (Table 5). However, though
they were statistically significant, they are not consistently observed across the voice
parameters in the way that they were for the female voice measures. Male measures on the
reading task also showed an increased jitter in the acidic group but decreased in the alkaline
group over the three data collection points. For the female participants, significant
differences were observed for fundamental frequency for the reading task, F(1, 94) =4.02,
p = 0.05 (Table 6). Qualitative comparisons are presented in figures 1-3. As can be seen
from the graphical representations, it appears that female participants showed trends
consistent with more impact than male participants.
3. Auditory-Perceptual Voice Changes:

The CAPE-V perceptual voice measures were analyzed by a double-blinded clinician and
no notable changes were perceived between male and female participants, drink pH, or

data collection time points.

A summary of outcome measures that showed significant changes across time points,
gender and beverage type is depicted in Table 7.
CHAPTER 11V
DISCUSSION
This study investigated the effects of an acidic beverage on the voice quality of
healthy individuals in comparison to alkaline beverage immediately after and one hour
after consumption. The results demonstrate that acidic beverages do yield acoustically

apparent differences in voice, even though perceptual parameters did not seem to be
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impaired. These changes seem to impact females assigned at birth more than males
assigned at birth. Thus, our hypothesis was partially supported. It is noteworthy, however,
that a handful of participants in the acidic group reported some discomfort/changes in their
voice one hour after consumption. In the initial analysis comparing male and female voice
measures, drink pH level (type of beverage) was related to changes in fundamental
frequency during the reading task. Furthermore, when drink and time were analyzed, the
acidic group showed an increase in fundamental frequency, and contrastingly, the alkaline
group had a decrease. Another positive correlation between impaired voice quality and
drink acidity occurs within male subjects while reading the rainbow passage (jitter is
increased). Though the sustained phonation of /a/ was not affected by time or gender in
males, it did increase jitter, shimmer, and NHR of the female participants, more apparently
in the group that consumed the acidic beverage. These findings collectively suggest that
female voices may be more vulnerable to changes in vocal quality after consuming acidic
beverages. Additionally, the acidic drink was related to increased jitter, shimmer, and NHR
during the sustained phonation of /a/ immediately after consumption and slightly decreased
one hour after consumption, suggesting that voice quality potentially recuperated over a
relatively short period of time. Variations in jitter, shimmer, and FO were more consistently
related to drink acidity, especially during continuous speech more than sustained
phonation. This is possibly due to the fact that reading a passage is more consistent with
normal speech patterns than a sustained phonation.

The connection between time and gender may suggest that participant’s vocal
quality decreased as the study progressed, potentially due to vocal fatigue or other external

factors. Whereas tissue analyses were not completed and it would be premature to make
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sweeping conclusions with the limited data, it does appear that chemical agents in the form
of acidic beverage impair vocal fold tissue structure, possibly impacting mucosal wave as
evidenced by changes in voice perturbation measures. Additionally, histological
differences in females and males have also been documented (Hahn et al., 2006b). In
particular, male vocal folds have been shown to possess more collagen and elastin in vocal
ligament as well as the cover (Chan et al., 2007). These histological differences perhaps
make the male vocal folds less susceptible to damage because of extraneous agents such as
acidic beverages.

The data have a bearing on providing preventative care measures for vocal hygiene,
especially for those suffering from reflux. In addition to the literature reviewed that stated
that the introduction of acidity can activate pepsin in the larynx, the data reveal that acidity
itself can cause changes in voice production, even for those who have not been diagnosed
with reflux (much like the participants in this study). The data also showed some reductions
in the negative impact one-hour post consumption of acidic liquids. It remains to be
investigated if this trend continues across time. It may be possible that voices get better for
smaller quantities of acidic food, however continued consumption could potentially lead
to a “chemical phonotrauma”. This is perhaps more noticeable in individuals with a
diagnosis of LPR. As a result, to prevent further damage for individuals with reflux, it is
imperative that consumption of acidic drinks should be avoided or at least lessened. Acidic
drinks should also be avoided before demanding speech activities, especially for
professional voice users, as the data revealed that acidic drinks impair voice at the sentence

level.
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The data should be interpreted with caution because of certain study limitations.
There were several extraneous factors that could not be controlled due to the nature of the
study and the extenuating circumstances that arose because of the COVID-19 pandemic.
The study was conducted via an online software with video and audio capabilities (Zoom).
New updates on the software for background noise removal made collecting sustained
phonation difficult as the software would remove the sustained phonation. Other
extraneous variables include connectivity issues, background noise, the use (or lack
thereof) and quality of headphones, and whether or not participants were using their
cellular devices or a computer to participate. None of these factors were controlled during
the study and could be potential factors in the results acquired. Nine participants’ voice
recordings had to be re-recorded between 1-3 times and combined due to the
aforementioned extraneous variables, though generally due to Zoom’s background noise
cancellation.

Nonetheless, as it was previously mentioned, and as these data reflect, the question
at hand still remains: how and why do data amongst and between other researchers
regarding this topic vary so drastically? It is possible that had more variables been
controlled, there would have been more noteworthy changes in vocal quality. It is important
that research continue in order to concretely determine whether or not acidic drinks can
impair voice quality, and why are they notoriously known to do so if data is not always
supportive of that notion.
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Table 1

Univariate Tests Within-Subjects Male & Female

Source Measure Type df Mean F Sig.
III Sum Square
of
Squares
Time a_Fo0 Sphericity ~ 242.994 2 121497 455 635
Assumed
a_Jitter Sphericity ~ 27470.5 2 137352 12148 .000
Assumed 59 80 8
a_Shimmer Sphericity 2.830 2 1.415 849 429
Assumed
a_NHR Sphericity 003 2 001 168 846
Assumed
Rainbow_FO0  Sphericity  205.241 2 102.620 796 453
Assumed
Time x a_Fo0 Sphericity ~ 532.457 2 266229 998 371
Drink Assumed
a_Jitter Sphericity 19.710 2 9.855 087 917
Assumed
a_Shimmer Sphericity 4.881 2 2441 1465 234
Assumed
a_NHR Sphericity 029 2 015 1.931 .148
Assumed
Rainbow_FO0*  Sphericity ~ 795.735 2 397.868 3.084 .048
Assumed
Time x a_FO Sphericity 169514 2 84.757 318 728
Gender Assumed
a_Jitter Sphericity 279289 2 139644 12351 .000
Assumed 92 96 6
a_Shimmer Sphericity 4.694 2 2.347 1408 247
Assumed
a_NHR Sphericity 026 2 013 1.695 .186
Assumed
Rainbow_F0  Sphericity 53.728 2 26.864 208 812
Assumed
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Time x a_FO Sphericity 18.074 2 9.037 034 967
Drink x Assumed
Gender  a_Jitter Sphericity 12.013 2 6.007 053 948
Assumed
a_Shimmer Sphericity 3.215 2 1.607 965 383
Assumed
a_NHR Sphericity 020 2 010 1.314 271
Assumed
Rainbow_FO0  Sphericity  502.849 2 251425 1.949 145
Assumed
* Statistical significance
Table 2
Tests of Between-Subjects Effects Male & Female
Source Measure Type II1 df Mean F Sig.
Sum of Square
Squares
Intercept a_FO 8150911.936 1 8150911936  3769.01 000
1
a_Jitter 59008.266 1 59008.266  336.648 000
a_Shimmer 2528.616 1 2528.616  301.868 000
a_NHR 1.371 1 1.371 96.056 000
Rainbow_FO0  9291013.267 1 9291013267 9160.11 000
6
Drink x a_FO0 420.038 1 420.038 194 660
Gender a_Jitter 30.558 1 30.558 174 677
a_Shimmer 10.568 1 10.568 1.262 264
a_NHR 003 1 003 245 622
Rainbow_FO0 6633.457 1 6633.457 6.540 012

23



Table 3

Estimated Marginal Means Male & Female: Time x Gender

Measure Gender Time Mean Std. 95% Confidence
Error Interval
Lower Upper
Bound Bound

a_Fo0 Male 1 121.896 4.181 113.595 130.196
2 121.213 4213 112.850 129.575
3 122.231 4452 113.392 131.070
Female 1 207.672 4.138 199.457 215.888
2 209.503 4.169 201.225 217.780
3 211.618 4.407 202.869 220.366
a_Jitter Male 1 633 058 S17 749
2 444 2221 -3.966 4.853
3 487 1.805 -3.097 4.071
Female 1 392 058 277 507
2 42.552 2.198 38.188 46916
3 40.078 1.787 36.531 43.625
a_Shimmer Male 1 128 216 300 1.156
2 700 290 124 1.276
3 635 329 -018 1.289
Female 1 4.835 213 4411 5.259
2 5.306 287 4736 5.876
3 5.305 326 4.658 5.952
a_NHR Male 1 d12 014 084 140
2 093 012 070 116
3 085 016 053 d17
Female 1 031 014 003 060
2 036 012 013 059
3 050 016 018 082
Rainbow_F0  Male 1 150.896 3.050 144.841 156.951
2 153.252 2.905 147.485 159.019
3 150.589 2.870 144.893 156.286
Female 1 202.462 3.019 196.469 208.455
2 202.762 2.875 197.054 208.470
3 201.422 2.840 195.784 207.061
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Table 4

Estimated Marginal Means Male & Female: Drink x Gender x Time

Measure Drink Gender Time Mean Std. 95% Confidence
Error Interval
Lower Upper
Bound  Bound
a_Fo0 Acidic Male 1 119.3 5852 107.69 130.93
13 5 2
2 1194 5896 107.76  131.17
66 1 2
3 123.3 6232 11096 13571
42 9 4
Female 1 203.2 5852 191.64 214.88
67 9 6
2 205.4 5896 19375 217.16
64 8 9
3 209.7 6.232 19733 22207
06 4 9
Alkaline  Male 1 124 4 5973 11262 136.33
78 0 6
2 1229 6018 111.01 134.90
59 2 6
3 121.1 6.361 10849  133.74
21 4 8
Female 1 212.0 5.852 20045  223.69
77 8 5
2 213.5 5896 201.83 22524
42 6 7
3 213.5 6.232  201.15 22590
29 7 1
a_Jitter Acidic Male 1 532 082 369 695
2 478 3.109 -5.694 6.650
3 487 2.527 -4.529 5.503
Female 1 364 082 202 527
2 43.53 3.109 37360 49.704
2
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3 40.98 2.527 35968  46.000
4
Alkaline  Male 1 734 084 568 900
2 410 3.173 -5.890 6.709
3 A87 2.579 -4.633 5.606
Female 1 420 082 258 583
2 41.57 3.109 35400 47.744
2
3 39.17 2.527  34.156  44.188
2
a_ Acidic Male 1 .660 302 061 1.260
Shimmer 2 744 406 -.062 1.551
3 .649 461 -.266 1.563
Female 1 5.120 302 4.520 5.719
2 5.994 406 5.188 6.800
3 5.455 461 4.540 6.369
Alkaline  Male 1 795 308 184 1.407
2 656 415 -.167 1.479
3 622 470 -312 1.555
Female 1 4551 302 3951 5.150
2 4618 406 3.812 5.424
3 5.156 461 4241 6.070
a_NHR Acidic Male 1 092 020 052 131
2 114 016 081 146
3 083 023 038 128
Female 1 030 020 -010 070
2 040 016 008 072
3 066 023 021 d11
Alkaline  Male 1 133 020 092 173
2 073 017 040 .106
3 087 023 041 133
Female 1 033 020 -.007 073
2 032 016 000 064
3 034 023 -011 079
Rainbow  Acidic Male 1 152.5 4269 14405 161.00
_FO 34 9 9
2 158.7 4066 150.66 166.81
40 7 2
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159.3 4017 15138 167.33
56 2 0
Female 198.1 4269 189.65 206.60
29 4 4
198.0 4066 19001  206.16
88 5 0
197.9 4017 18998 20593
62 8 5
Alkaline  Male 149.2 4357 14060 157.90
58 8 7
147.7 4150 13952  156.00
65 6 4
141.8 4099 133.68 149.96
23 5 1
Female 206.7 4269 19831 21526
94 9 9
207 .4 4066 19936  215.50
36 4 9
204.8 4017 19690  212.85
83 9 7
Table 5
Univariate Tests Within-Subjects Male
Source Measure Type IIl  df Mean F Sig.
Sum of Square
Squares
Time a_Jitter Sphericity 966 2 483 46 012
Assumed 41
a_Shimmer Sphericity 222 2 d11 2.1 123
Assumed 43
a_NHR Sphericity 019 2 009 10 339
Assumed 96
Rainbow_  Sphericity 941 2 470 29 058
Jitter Assumed 33
Rainbow_  Sphericity 093 2 046 53 006
Shimmer Assumed 17
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Rainbow_  Sphericity 035 017 19 143
NHR Assumed 84
Counting_  Sphericity 258.886 129.44 S4 580
FO Assumed 3 8
Counting_  Sphericity ST7 288 10 338
Jitter Assumed 96
Counting_  Sphericity 056 028 29 058
Shimmer Assumed 31
Counting_  Sphericity 015 007 31 .049
NHR Assumed 20
Convo_FO  Sphericity 171.758 85.879 S22 594
Assumed 3
Convo_Jit  Sphericity 323 162 1.1 320
ter Assumed 55
Convo_Sh  Sphericity 031 015 24 092
immer Assumed 53
Convo_N  Sphericity 004 002 24 096
HR Assumed 02
CAPEV_ Sphericity 242.282 121.14 68 508
FO Assumed 1 2
CAPEV_J  Sphericity  1000.201 500.10 10 359
itter Assumed 1 34
CAPEV_ Sphericity 006 003 23 789
Shimmer Assumed 8
CAPEV_ Sphericity 003 001 S5 578
NHR Assumed 1
Time x  a_lJitter Sphericity 484 242 23 103
Drink Assumed 28
a_Shimm Sphericity 326 163 3.1 .048
er Assumed 47
a_NHR Sphericity 041 020 23 .099
Assumed 71
Rainbow_  Sphericity 1.018 S09 31 046
Jitter™ Assumed 72
Rainbow_  Sphericity 040 020 22 108
Shimmer Assumed 83
Rainbow_  Sphericity 025 012 14 249
NHR Assumed 12
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Counting_  Sphericity 129.285 2 64.642 27 761
FO Assumed 4
Counting_  Sphericity 089 2 045 A7 844
Jitter Assumed 0
Counting_  Sphericity 034 2 017 1.7 172
Shimmer Assumed 93
Counting_  Sphericity 006 2 003 1.2 .299
NHR Assumed 23
Convo_FO  Sphericity  1145.856 2 572.92 34 035
* Assumed 8 89
Convo_Jit  Sphericity 285 2 142 10 365
ter Assumed 17
Convo_Sh  Sphericity 033 2 016 26 077
immer Assumed 42
Convo_N Sphericity 004 2 002 2.3 096
HR Assumed 99
CAPEV_ Sphericity 478.266 2 239.13 1.3 265
FO Assumed 3 46
CAPEV_J  Sphericity  1000.840 2 500.42 1.0 .359
itter Assumed 0 35
CAPEV_ Sphericity 037 2 019 14 235
Shimmer Assumed 71
CAPEV_ Sphericity 003 2 001 ST 564
NHR Assumed 6

Error a_Jitter Sphericity 9.778 94 104

(Time) Assumed
a_Shimm Sphericity 4866 94 052
er Assumed
a_NHR Sphericity 811 94 009

Assumed

Rainbow_  Sphericity 15078 94 .160
Jitter Assumed
Rainbow_  Sphericity 820 94 009
Shimmer Assumed
Rainbow_  Sphericity 825 94 009
NHR Assumed
Counting_  Sphericity ~ 22197.05 94  236.13
FO Assumed 8 9
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Counting_  Sphericity 24731 94 263

Jitter Assumed

Counting_  Sphericity 904 94 010

Shimmer Assumed

Counting_  Sphericity 222 94 002

NHR Assumed

Convo_FO0  Sphericity 1543539 94 164.20
Assumed 0 6

Convo_Jit  Sphericity 13.157 94 140

ter Assumed

Convo_Sh  Sphericity S87 94 006

immer Assumed

Convo_N Sphericity 082 94 001

HR Assumed

CAPEV_ Sphericity 1670623 94 177.72

FO Assumed 6 6

CAPEV_J  Sphericity 4545024 94  483.51

itter Assumed 5 3

CAPEV_ Sphericity 1.197 94 013

Shimmer Assumed

CAPEV_ Sphericity 224 94 002

NHR Assumed

* Statistical significance
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Table 6

Test of Between-Subject Effects Female

Source Measure Type df Mean F Sig.  Partial
III Sum Square Eta
of Square
Squares d
Intercept a_FO 658966 1 658966 2404.  .000 980
1.771 1.771 955
a_Jitter 1148717. 1 1148717. 331.3  .000 873
984 984 65
a_Shimmer 3976.51 1 3976.51 2423  .000 835
1 1 44
a_NHR 230 1 230 29.09  .000 377
8
Rainbow_F 613366 1 613366 9517.  .000 995
0* 0.200 0.200 634
Drink a_FO0 1787.05 1 1787.05 652 423 013
2 2
a_Jitter 57.541 1 57.541 166  .686 003
a_Shimmer 20.985 1 20.985 1279 264 026
a_NHR 006 1 006 710 404 015
Rainbow_F 2590.76 1 2590.76 4020 051 077
0 7 7
Error a_F0 131521. 48  2740.03
706 6
a_Jitter 16640.7 48  346.682
16
a_Shimmer 787.609 48 16.409
a_NHR 379 48 008
Rainbow_F 30933.7 48 644452
0 06

* Statistical significance
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Table 7

Data Summary of Sustained Phonation /a/

Baseline Immediate 1 hour post
Between All e Increased jitter e Decreased ji'Fter
Participants o De?creased e Increased shimmer
shimmer
e Decreased jitter, e Increased jitter
Male shimmer, & e Decreased shimmer
NHR e Decreased NHR
e Increased jitter, e Decreased jitter
Female shimmer, & e Increased shimmer (by .001)
NHR e Increased NHR
e Increased jitter, e Decreased jitter, shimmer,
Acidic Group shimmer, & & NHR
NHR
e Increased jitter e Decreased jitter
Alkaline Group e Decreased e Increased shimmer & NHR

shimmer & NHR
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Figure 1

Male and Female Jitter /a/

50

45

35
30
25
20
15

10

0 "*
Baseline Imm ediate Post1Hr

esfBew|Vale Acidic  e=f==Female Acidic ==®==Male Alkaline Female Alkaline

Note. Female /a/ significantly increased immediately after consumption, and slightly
decreased post 1-hour, whereas male /a/ maintained fairly stable results.
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Figure 2

Male and Female Shimmer /a/
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Note. Female /a/ significantly increased immediately after consumption, and slightly
decreased post 1-hour, though maintained a more elevated result when compared to
baseline. Male /a/ maintained fairly stable results.
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Figure 3
Male and Female NHR /a/
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Note. Female /a/ acidic data significantly increased at the latter two time points though
the alkaline female group remained fairly constant. The male acidic group increased
immediately after consumption, but then decreased past baseline scores post 1-hour. The
male alkaline group significantly decreased immediately post consumption, but slightly
increased at post 1-hour.
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Figure 4

Acidic and Alkaline Jitter /a/
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Note. The acidic and alkaline group both significantly increased immediately post
consumption and slightly decreased post 1-hour.
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Figure 5

Acidic and Alkaline Shimmer /a/
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Note. The acidic group slightly increased immediately post consumption and then slightly
decreased post 1-hour, whereas the alkaline group remained fairly stable in the first two
time points and increased post 1-hour.
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Figure 6

Acidic and Alkaline NHR /a/
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Note. The acidic group increased immediately post consumption and then slightly
decreased post 1-hour, whereas the alkaline group significantly decreased immediately
post consumption and then increased post 1-hour.
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Appendix

Participant Intake Form

Participant number:

Date:

Occupation:

History of any of the following:

Recent voice issues

Allergies

Asthma

Frequent Chronic colds

Issues with breathing

Cigarette smoking

Singing experience

If yes for any of the above, please provide details:

Please estimate the number of times of the following:

Cups of water per day

Cups of caffeinated beverages per day

Any velling/screaming per day

Speak above noise

Alcohol consumption per week

Are you on any medications currently? If yes, please list.
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