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Background: Many medications are available as solid oral dosage forms such as tablets and
capsules; however, some people find these medications difficult to swallow.

Aim: To identify whether certain psychological, oral sensory, and oral motor characteristics
contribute to medication swallowing difficulties.

Methods: A sample of healthy adults from two academic institutions in Brisbane were assessed
for their experiences with swallowing solid oral dosage forms, food preferences, and food
neophobia. The gag reflex, oral cavity size, fungiform papillaec count, and chewing efficacy
were also evaluated followed by a capsule-swallowing task. Primary outcome was the incidence
of medication swallowing difficulties. Secondary outcomes were the association of medication
swallowing difficulties with psychological, oral sensory, and oral motor factors.

Results: Of 152 subjects, 32% reported difficulty swallowing tablets or capsules whole. This
group was significantly more likely to have had a memory of choking on medications
compared to those without medication swallowing difficulties (OR = 7.25, p < 0.05).
Current medication swallowing difficulties were significantly associated with a smaller
mouth cavity size (OR = 2.98, p < 0.05), a higher density of taste receptors on the tongue
(OR = 3.27, p < 0.05), and were higher among those who chewed a jelly candy to non-
homogenous particle size (OR = 4.1, p < 0.05). Current medication swallowing difficulties
were associated with lower confidence in swallowing large capsules (000 size: OR = 0.47, 00
size: OR = 0.39, p < 0.05). No associations were found between medication swallowing
difficulties and the gag reflex or food neophobia.

Conclusion: A combination of heightened oral perception characterized by a small oral cavity
and high taste sensitivity compounded by a past choking episode on medications may be
precipitating factors for medication swallowing difficulties. These factors may be helpful in
identifying individuals who are more likely to experience difficulty swallowing medications.
Keywords: dysphagia, medication swallowing, oral dosage forms, swallowing difficulties,
tablets

Introduction

Solid oral dosage forms such as tablets and capsules are the cheapest, most
common, and preferred route of medication administration compared to other
dosage forms." However, some people find it difficult to swallow them whole.
People diagnosed with dysphagia have a physiological problem with swallowing
and find it difficult to safely swallow solid foods and/or liquids as well as oral
medications.” Although difficulty with swallowing medications, particularly solid
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dosage forms, has been largely documented in people with
dysphagia,*> the general community without dysphagia
can also experience medication swallowing difficulties.
In the limited range of surveys of the general adult popu-
lation without dysphagia that have been conducted, the
proportion reporting some degree of difficulty swallowing
solid oral dosage forms is typically around 15-20%, with
50%.°"!
Importantly, consumers are unlikely to seek advice from

numbers ranging from 6% through to
a health professional before splitting or crushing their solid
dose form."" In order to improve their medication manage-
ment, we are interested in better identifying individuals
who are more likely to be at risk of experiencing medica-
tion swallowing difficulties.

There are certain physiological differences between
people that we hypothesize may be associated with
a greater or reduced likelihood of experiencing medication
swallowing difficulties. Solid oral dosage forms are
designed to be swallowed whole. The ability to swallow
a solid dose whole relies on the person’s ability to over-ride
their chewing reflex — as a conditioned response to the
presence of oral content, as well as their gag reflex — the
innate protective reflexes guarding against choking or air-
way invasion.'> What factors contribute to triggering these
reflexes while swallowing a solid dose medication, and how
might they be identified? Returning to first principles,
a reflex arc is involuntary and relatively immediate. It is
initiated by sensory receptors being excited, travels via
sensory neurons to the spinal cord and results in a fairly
immediate motor response. Oral sensory perception, there-
fore, is a critical feature to explore. The gag reflex is
a contraction of the muscles of the back of the throat and
the back of the tongue to protect the airway by providing
a physical barrier to entry of foreign objects or food items
that are too large to be swallowed. Activation of the gag
reflex results in the object being pushed forwards, towards
the front of the mouth. It may be triggered by touching the
back of the tongue, tonsils, soft palate or back of the throat.
How much stimulation is required to trigger the gag reflex
varies from person to person, with some studies showing
that the gag reflex reportedly does not exist in 37% of
healthy people.'?

When food items have been improperly chewed, the
gag reflex may be triggered to bring the food back into the
oral cavity proper for further chewing.'* Feedback from
oral receptors is necessary to guide chewing strength,
movement and duration.'® Insight into a person’s natural
chewing style and the size of the bolus (large/small) they

naturally choose to swallow can be gained from observing
the results of a chewing task. A number of studies have
shown that food items, regardless of the initial bite-size,
are chewed so that each particle is generally <4 mm.'>'¢
A person who is comfortable to swallow large particles
may find it easier to swallow solid dose medications than
a person whose sensory receptors require smaller particle
sizes before swallowing.

The volume of the oral cavity can vary in size. The
tongue provides the floor of the mouth, the buccinator
muscles provide bulk to the cheeks laterally. The hard
palate provides the roof of the mouth, and when looking
at the back of the the mouth the soft palate can be seen
with the uvula hanging down in the midline. People with
a large tongue, a flat or low hard palate and excess tissue
in the cheeks present with oropharyngeal crowding. The
crowding of hard and soft tissues reduces the space within
the oral cavity and provides a greater opportunity for food
or solid doses to come in contact with sensory receptors,
potentially triggering the chewing or gag reflexes more
easily. The Mallampati scale is a classification system to
predict difficult intubation and bag-mask ventilation based
on the size of the oral cavity.'” A classification such as this
can potentially be used in studying associations between
the mouth cavity size and medication swallowing difficul-
ties resulting from the heightened sensory perception of
medications in the mouth.

Although the entire oral cavity is rich with sensory
receptors, the tongue is especially sensitive. When tablets
and capsules touch the surface of the tongue, the sensory
systems, particularly the fungiform papillae containing the
taste buds, are activated.'® It is suggested that the sensa-
tion of certain tastes may affect the swallowing function
by delaying the pharyngeal phase.'® A higher density of
fungiform papillae (which house the taste buds) or having
“supertaster” status increases the sensory awareness of the
material in the mouth and is reportedly associated with the
rejection of certain types of foods.?® Taken together or in
isolation, these markers of oral sensation may provide an
indication of individuals who are likely to have difficulty
swallowing solid dose medicine. Therefore, we will inves-
tigate whether people who experience medication swal-
lowing difficulties have a strong gag reflex, greater
oropharyngeal crowding, or higher sensory awareness
and fungiform papillae density.

While physical stimulus can produce a reflexive
stimulus can also cause

response, a psychogenic

a physical response. A previous experience or situation
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can affect a person’s response with conditioned taste aver-
sions being a protective mechanism in humans and ani-
mals to protect them from food containing toxins.?!
Aversions can occur from as little as a single exposure.
Therefore, psychological factors should also be recognized
in medication swallowing difficulties. Increased sensory
awareness in severe form can lead to food neophobia, ie
fear of eating new or unfamiliar food.?* The acceptance of
new products in people especially those with neophobia
may often be influenced by texture, appearance, taste,

smell, and color?>24—

similar factors that also influence
the acceptability of oral medications.””* A memory of
a past unpleasant experience such as tablets being stuck
in the throat or episodes of choking on medication have
been reported as reasons for a dislike and aversion to
taking medications.®?>*® Previous experience of esopha-
geal damage and irritation by medications®’ may also lead
to subsequent fear of swallowing solid doses whole.
Other factors that may influence success in swallowing
solid dose medications include body position while taking
the medicine and the use of a liquid carrier. For instance,
certain postures such as upright/neutral head position and

leaning forward (for capsules) help with bolus

transport,”®° and at least 50-60 mL water is recom-
mended to ensure efficient transit through the
29,31

than 60 mL
or swallowing the medication with saliva can lead to

esophagus. Consumption of less
lengthy delays of the medication in the esophagus, provid-
ing the potential for esophageal injury.

This study investigated the extent of medication swal-
lowing difficulties in a general adult non-dysphagic popu-
lation, and considered associations with a range of
potential physiological and psychological factors. In addi-
tion to participant self-report, participants were engaged in
a capsule-swallowing activity so that we could observe
their approach to medication swallowing in practice. It
was hypothesized that factors that demonstrate increased
oral sensitivity, and/or psychogenic stimuli related to pre-
vious experience with choking would predict individuals
with difficulty swallowing solid dose medications.

Materials and Methods

This was a cross-sectional study of a convenience sample
of adults working or studying within two research institu-
tions in Brisbane, Australia who were invited to participate
in the study. Participants were provided with an informa-
tion sheet about the project, the process of the study, and
their involvement, as well as the dates, times, and location

of data collection. Healthy volunteers aged 18—65 years
were included in the study. Participants completed all tests
in a single session taking approximately 20 minutes per
person during Nov 2011. This study was conducted in
Ethical
approval was obtained from the University of
Queensland Medical Research  Ethics
(Approval number 2011/111). The participants provided

accordance with the Declaration of Helsinki.

Committee

their written informed consent prior to the study.
Participants completed a questionnaire consisting of
a combination of closed multi-response questions and open-
ended questions to elicit their perception of difficulties with
swallowing tablets or capsules, memory of choking incidents
on food and medication and coping strategies used to make
swallowing medications easier (Supporting Information).

After completing the questionnaire, the participants
were provided with one capsule sample of each commonly
available sizes between 000 and 4 packaged separately in
a monitored dosage system (Webster-Pak). After visually
inspecting the size of the capsules, the participants were
asked to rate whether they felt confident about their ability
to swallow each size.

To assess participant preferences towards different
food textures, a 22-item food preference questionnaire
was used. The questionnaire asked about willingness to
try 22 different foods based on their texture and rating
them on a 5-point Likert scale (5 indicating extreme like
and 1 indicating extreme dislike). This was followed by
a 10-item food neophobia questionnaire in True/False for-
mat asking questions regarding participant preferences and
willingness to try new and unfamiliar foods. Classification
of food neophobia was incurred if “True” was selected for
six or more questions.”” All survey questions were initially
piloted on a group of pharmacy practitioners and postgrad-
uate students for clarity of content.

To examine the gag reflex, the subjects were asked to
open their mouth in a comfortably seated position. Using
a wooden spatula, the examiner (an experienced speech
pathologist with more than 20 years of experience) firmly
touched the right side of the tongue starting at the lateral
midline, posterior tongue, and the faucial pillar. The gag
reflex was defined as constriction of the pharynx in
response to the stimulus. As soon as a response was
observed on the right side of the mouth, the examiner
moved to test the left side starting again from the lateral
midline. If no response was observed from the sides of the
tongue and the faucial pillars, the tongue depressor was
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gently pushed against the midline of the pharyngeal wall at
the back of the throat.

The modified Mallampati classification is used in
anaesthesia to predict the ease of endotracheal intubation,
by examining the visibility of oropharyngeal structures
when the subjects are in a seated position with their
mouth fully open and tongue protruding. The higher
Mallampati scores (Class III & IV) indicate a smaller
mouth cavity and are associated with difficult
intubation.'” The mouth cavity size was classified by an
experienced speech pathologist as Class I if the soft palate,
fauces, uvula, and pillars were visible, Class II if the soft
palate and fauces were visible but less of the uvula, Class
IIT if the soft palate and only the top of uvula were visible,
and Class IV if the soft palate was not visible at all.

The method for counting fungiform papillae density
was similar to Shahbake et al*”. Following the rinsing of
the mouth with water, petroleum jelly (Vaseline) was
applied to the lower lip to reduce the staining of extra-
oral tissues. Methylene blue 0.5% food coloring (Queen
Fine Foods, Alderley, QLD) was applied to the tongue
with a sterile cotton tip applicator. The participants were
then asked to swallow once to remove the excess dye.
A disposable plastic slide, pre-labelled with reference
number, was adhered to the front part of the tongue so
that the midline of the tongue bisected the 1 cm® window.
Both the fungiform and filiform papillae stain in light blue
with methylene blue allowing the fungiform papillae that
contain the taste buds to be distinguished from filiform
papillae by their larger size and mushroom-like shape.
Digital images of the tongue were taken using a Nikon
D60 digital camera (Nikon Corp, Japan). Counts of fungi-
form papillae were used to classify participants into three
groups of low or non-tasters (<15 cm ?), medium tasters
(15-24 ¢m?), and supertasters (>25 cm ).

To understand the effect of oral motor capabilities on
medication swallowing difficulties, a task was devised to
examine chewing efficiency and particle size reduction.
The participants were provided with a piece of confection-
ary jelly snake that was 5 cm in length and were asked to
“chew it as they usually chew their food”. When they felt
a readiness for swallowing they were asked to spit the jelly
into a plastic bag provided. The jelly snake was chosen to
minimize differences in texture or consistency such as
those that can be observed in fresh products (eg fruit or
vegetables). Moreover, the chewy texture required chew-
ing effort, and the sample did not disintegrate with saliva
or become stuck to the teeth while resulting in a bolus that

could be assessed easily for particle size once expecto-
rated. The reference particle size was chosen as 4 mm
based on the previous study on healthy young people
with good oral health.>® The size of the chewed particles
was measured with a ruler and classified into five different
categories: All particles are very small (<4 mm), most
particles are very small (<4 mm), roughly equal numbers
of small and large particles, most particles are large (>4
mm), all particles are large (>4 mm).

Participants were observed while swallowing a size 00
clear gelatine capsule (PCCA, Matraville, NSW, Australia)
filled with small round pellets of “100s and 1000s” con-
fectionary (Dollar Sweets Company, VIC, Australia) to
provide weight to the capsule. A disposable plastic cup
(200 mL) and a jug of water were provided, but attention
was not drawn to these items. The participants were then
asked to “swallow the capsule as they normally would”.
The examiner (an experienced speech pathologist) noted
whether the participant had completed the task and if so,
whether it was completed in a single attempt or multiple
attempts, the approximate quantity of water used (full,
half, quarter, less than a quarter, none), whether the cap-
sule was placed at the front, middle or back of the mouth,
and if their head position deviated from neutral.

Statistical Analysis

Data were collated in the Microsoft Excel 2019 and were
analysed using SPSS (V25.0 for Windows, Armonk, NY).
Statistical associations were determined using Pearson’s
Chi-square test or Fisher’s exact test where appropriate.
The statistical significance was set at p < 0.05. The
STROBE cross-sectional reporting guidelines were used
to report the findings of the study.*

Results
A total of 152 volunteers with an age range of 19 to 66
years old took part in the study. There were more female
(64%; age range 20—66 years) than male (36%; age range
19-62 years) participants. The median age was 36 years
for both genders. Two-thirds (100/152) reported taking
tablets or capsules on a regular basis (ie at least weekly).
Of the 152 participants, 32% (49/152) indicated that they
currently have trouble swallowing tablets or capsules, and
55% (84/152) had experienced difficulties with swallowing
medications at some time in their life. There was no sig-
nificant relationship of medication swallowing difficulties
with age or gender. One-third of the participants (49/151)
reported that at some point they have cut or crushed
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a medication before swallowing, while almost half (71/151)
reported that someone, such as a parent, had at some time
crushed their medications to make it easier for them to
swallow (Table 1). Only 19% (28/151) thought that they
had trouble learning to swallow tablets or capsules.
Participants who reported medication swallowing difficulties
were significantly more likely to have cut or crushed their
medication (26/49; 53%) compared to those without current
medication swallowing problems (23/103; 22%) (OR = 3.93,
p <0.05). Of the 23 participants who crushed tablets without
reporting current medication swallowing difficulties, 14
indicated an experience of medication swallowing difficul-
ties in the past.

Although 30% (44/149) of participants reported that
they can swallow the capsules/tablets without any vehicle,
most participants reported using multiple approaches to
swallow medications, with 97% (148/152) using a liquid
such as water and 85% (126/148) using food, 42% (62/
147) placing medication at the back of their mouth and
51% (76/149) tipping their head back (Table 1).

Of the 49 people with current medication swallowing
difficulties, 28 had a recollection of choking on medica-
tions. Those with current medication swallowing difficul-
ties were significantly more likely to have had a choking
episode on medications than those without current medi-
cation swallowing difficulties (57% vs 16%; OR = 7.25;
p <0.05) (Figure 1A). One-quarter of the participants (38/
149, 26%) reported having previous experience of choking
on food. There was no correlation between current medi-
cation swallowing difficulties with having a memory of
choking on food (p = 0.27) (Figure 1B). The food pre-
ference questionnaire indicated a significant correlation
between current medication swallowing difficulties with
a lower preference score for potato chips/crisps (4.1 + 0.0
vs 4.5 £0.7), popcorn (3.6 = 1.1 vs 4.0 £ 1.0) and granola

bars (3.6 £ 1.1 vs 4.0 = 0.39) (p < 0.05). All the low
preference food items were hard, dry, and were particulate
in texture. In fact, 46% (70/152) of the participants exhib-
ited food neophobia, ie indicated a positive response to 6
or more out of the 10 questions, but this was not asso-
ciated with current medication swallowing difficulties (p
= 0.60).

All the participants believed that the smallest capsule,
size 4, appeared easy to swallow (Table 2). More than 90%
of the participants were comfortable with swallowing hard
gelatine capsules to size 1. However, as the size increased
participants became less confident of their ability to swal-
low the capsule. For the largest size (000), only 63% (96/
152) of the participants believed that they could swallow
the capsule (Table 2). Those with current medication swal-
lowing difficulties were significantly less likely to feel
confident about swallowing capsule sizes of 000 and 00
compared to those without current medication swallowing
difficulties (000 size: OR = 0.47; 00 size: OR = 0.39,
respectively; p < 0.05).

No gag reflex was exhibited by 42% (n = 64/152) of
the participants, ie they did not respond to the pressure of
the tongue depressor at any of the locations in the oral
cavity. When the gag reflex was present, it was mostly
triggered from the back dorsum (74/88) or faucial pillar
(71/88). There was no correlation of age or gender with the
presence of the gag reflex. Moreover, there was no sig-
nificant relationship between the presence of the gag reflex
with medication swallowing difficulties (p = 0.73).

The size of the mouth cavity was classified into four
groups using the modified Mallampati classification. For
ease of between-group comparisons, Class I and II were
regrouped as the “large mouth cavity” group and Class III
and IV were combined as the “small mouth cavity” group.
Participants were fairly evenly split between the large

Table | Response to Questions Related to Medication Modification and Swallowing

Question Yes, n (%) No, n (%)
Have you ever cut or crushed a medication to make it easier to swallow? 49 (32.5) 102 (67.5)
Has anyone else (eg a parent), ever crushed a medication for you, to make it easier to swallow?! 71 (47.0) 80 (53.0)
Did you have trouble learning to swallow tablets or capsules? 28 (18.5) 123 (81.5)
The following items or manoeuvres help me to swallow tablet/capsules:
® Placing the tablet/capsule at the very back of my mouth 62 (42.2) 85 (57.8)
® Tipping my head back as | swallow the tablet/capsule 76 (51.0) 73 (49.0)
® Swallowing the tablet/capsule with a liquid (eg water) 148 (97.4) 4 (2.6)
® Swallowing the tablet/capsule with food 126 (85.1) 22 (14.9)
® Swallowing the tablet/capsule by itself 44 (29.5) 105 (70.5)
Patient Preference and Adherence 2021:15 submit your manuscript 33
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Figure | The recollection of an episode of choking on (A) medication (n = 152) or
(B) food for participants reporting current having medication swallowing difficulties
in comparison to those with no current medication swallowing difficulties (n = 149).

Significant difference between bars in terms of the proportion of participants
reporting current medication swallowing difficulties is indicated: *p < 0.05.

mouth cavity (46%, 70/152) and small mouth cavity size
(54%, 82/152). Most (71%, 35/49) of those with current
medication swallowing difficulties were -classified as

having a small mouth cavity while 29% (14/49) had
a large mouth cavity (Figure 2A), leading to a significant
association between medication swallowing difficulties
and mouth cavity size (OR = 2.98, p < 0.05). Age, gender,
fungiform papillae count, and the presence or absence of
the gag reflex did not show any association with mouth
cavity size.

The fungiform papillae density analysis was conducted
on 134 participants. Four subjects did not participate in the
task, and 14 were excluded due to image quality. The
median number of fungiform papillae per cm” was 13,
with a range between 0 and 41 papillac. Based on the
fungiform papillae count, 16% (21/134) of the participants
were classified as supertasters, 36% (48/134) as medium
tasters, and 48% (65/134) as low/non-tasters. The preva-
lence of current medication swallowing difficulties was
significantly higher in the medium taster group and the
supertaster  group compared to the low/non-
taster group (OR = 2.57 and 3.27, respectively, p < 0.05)
(Figure 2B). There was no correlation between the sensory
factors (taste sensitivity and mouth cavity size) and the
psychological factor (memory of  choking).

Chewing efficiency was assessed using a confectionary
jelly snake. Around half (52%, 79/152) of the participants
chewed their jelly snake to particle sizes greater than
4 mm, and 32% (48/152) chewed to less than 4 mm,
while 16% (25/152) chewed to roughly equal quantities
of large and small pieces (Figure 3). A greater proportion
(60%) of participants who chewed to mixed particle sizes
reported having current medication swallowing difficulties
than not. As such, the incidence of medication swallowing
difficulties was significantly higher among those who
chewed to mixed particle size compared to those who
chewed to all large sizes (60% vs 30%) or most/all small
sizes (60% vs 21%) (OR = 4.1, p < 0.05).

Only four (3%) of the participants could not complete
the swallowing task, which was to swallow one 00 sized
capsule, all of whom had reported having a current pro-
blem with swallowing medications. Notably, the four par-
ticipants who did not complete the capsule-swallowing
task were all identified to have a small mouth cavity.
One participant declined to participate in the task due to
fear of vomiting if they tried to swallow the capsule. One
participant made an effort to swallow the capsule but could
not proceed after two further attempts due to a choking
sensation. Two participants attempted to swallow but then
refused because they needed food to swallow the pills.
During the capsule swallow task, most participants (83%;
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Table 2 Self-Perceived Ability to Swallow Capsules of Various Sizes

Capsule | Standard Closed Capsule % of Participants

Size Body Length (mm) . . . .
With Current Medication Without Current Medication All
Swallowing Difficulties (n=49) Swallowing Difficulties (n=103) Participants

(n=152)

4 14.3 100 100 100

3 15.9 96 94 95

2 18.0 94 93 93

| 19.4 92 93 93

0 21.7 80 87 85

00 233 63 82 76

000 26.1 51 69 63

125/151) exhibited a neutral posture with their head facing
forward, while 17% (26/151) tilted their head upwards.
The majority (82%, 123/151) were observed to place the
capsule on their tongue at the front of the mouth and very
few participants placed the capsules either at the middle
(10%, 15/151) or at the back of the dorsum (8%, 12/151).
Neither head position or location of the capsule on the
tongue were different between those with and without
medication swallowing difficulties. Most (92%, 136/148)
of the participants took the option of using water to swal-
low the capsule. The cups had a nominal volume of
200 mL but were considered to be “full” with approxi-
mately 150 mL, half full with approximately 90 mL, and
a quarter full with 40 mL of water. Most of the participants
(79/148; 53%) used less than a quarter of a cup of water (<
40 mL) to swallow the capsules (Figure 4). There was no
significant association between difficulty swallowing cap-
sules and the amount of water used (p = 0.56).

Discussion

The prevalence of current medication swallowing difficul-
ties among 152 participants without a diagnosed dysphagia
was 32% in this study. This is higher than the prevalence
reported by community pharmacy customers in another
Australian study (16.5%),” polypharmacy patients visiting
community pharmacies in Switzerland (22.5%),” and
a general community survey in Brazil (17%).° However,
it is similar to a Danish study among adolescents (32%).”
Even more of our participants (55%) reported having
found it difficult to swallow tablets or capsules at some
point in their life. These findings are in line with
a previous survey of general practices in Germany with
27% having current medication swallowing difficulties and
37% reporting having had medication swallowing difficul-
ties at some point.'' This may indicate that it is possible

for people to improve in their level of comfort and ability
to swallow solid dosage forms.

One-third of participants (32%) reported crushing
tablets at some time to make swallowing easier.
Modifying medications was more likely to occur by
those reporting difficulties swallowing whole tablets.
Prevalence of medication modification varies across stu-
dies and has been reported by 11-30% of general commu-
nity patients.”?® In many of these reports, swallowing
difficulties was the reason for modifying medications
which raises concern around the safety of medication
modification by patients.”?*?” Modifying medications
can result in dose variations, alter drug absorption, and
lead to adverse events.**>° Understanding and resolving
medication swallowing difficulties can potentially prevent
the risks associated with modifying dosage forms.

The findings of this study identified significant associa-
tions between certain physiological factor, namely oral
cavity size and fungiform papillae density, with medica-
tion swallowing difficulties. Participants who had smaller
oral cavities, in which the tongue took up more of the
available space according to the modified Mallimpati
assessment, were more likely to report current medication
swallowing difficulties. A larger mouth cavity may support
easy swallowing through less exposure to areas of high
sensation in the mouth such as the tongue and papillae
structures. Greater fungiform papillae density was signifi-
cantly associated with self-reported medication swallow-
ing difficulties suggesting that subjects with increased
sensory awareness could be more sensitive to the taste of
medications. Indeed, nearly a quarter of the general prac-
tice population report taste as the reason for medication
swallowing difficulties which can lead to non-adherence.''
Overall, 14% of our participants were classified as super-
tasters, which is similar to the 16% of adults in a study in
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Figure 2 Mallampati classification of the oral cavity (A) and classification of fungi-
form papillae density (B) for participants with or without current medication
swallowing difficulties. Participants were classified as having a large mouth cavity
(Class | and Il) or a smaller mouth cavity (Class Il and IV) according to the modified
Mallampati method (n=152), and as a supertaster, medium taster, and non-taster
according to fungiform papillae density (n=134). Significant differences between bars
in terms of the proportion of participants reporting current medication swallowing
difficulties are indicated: **p < 0.01, *p < 0.05.

southern Italy*® but slightly lower than 25% which is
typical of supertasters distribution in adult populations.*'
More recently developed pill-swallowing aids, such as
pill-swallowing gels, sprays, or pill coatings, offer taste
concealing properties that may help overcome the aversion

to swallowing medications in those sensitive to the taste of
medications.

Texture can be as important as taste in the sensory
perception of food especially in swallowing difficulties**
and can be the reason for aversion to certain types of food,
and surface texture of medications has been reported by
more than 70% of the general practice patients as a major
reason for medication swallowing difficulties.'' A positive
correlation was identified for current medication swallow-
ing difficulties with a lower preference score for potato
crisps, popcorn, and granola bars, which are hard, dry,
have low moisture content, and are particulate in texture.
As such, medications with a rough or unpleasant surface
texture may be particularly difficult for some people to
swallow.”'!"" We also considered whether people who
find it difficult to swallow whole medications tend to
chew their food to smaller particle sizes; however, there
was no difference in reporting of medication swallowing
difficulties in subjects who chewed their jelly to mostly/all
small and all large size pieces. In fact, the rate of medica-
tion swallowing difficulties was significantly higher in the
group who produced mixed/non-homogeneous particle
sizes (large and small). This may indicate the homogeneity
of the final bolus being more important than the actual
particle size generated in predicting medication swallow-
ing difficulties. It may also indicate that humans encode
food textures differently to solid dose medications and that
food properties cannot be used to predict tolerance of solid
dose medicines.

The vast majority of the participants who thought they
would not be able to swallow a size 00 capsule did in fact
complete the swallowing task. This highlights the psycho-
logical barriers that many people with medication swal-
lowing difficulties experience. People with current
medication swallowing difficulties felt significantly less
confident in swallowing capsule sizes of 000 and 00 as
the largest size of capsules. This is in line with the findings
of another study investigating the threshold size of tablets
and capsules for swallowing.*> This study reported that
patients found capsules/tablets larger than 21 mm difficult
to swallow.*® Therefore, it is advisable to avoid these two
capsule sizes in patients with medication swallowing
difficulties.'®** People who choose to modify medications
before swallowing may be able to swallow their medica-
tions whole if they receive appropriate training, instruc-
tions, and supervision to overcome their initial fears and
concerns. In this case, the presence of the speech pathol-
at the

ogist swallowing task may have provided
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reassurance helping them to overcome their psychological
barrier to swallowing the large capsule. Training is an
important and effective way to improve medication swal-
lowing. Indeed, 18% of our participants reported having

had trouble learning to swallow medications. Specific

training programs for young adults and children have
achieved successful and sustainable outcomes in improv-
ing medication swallowing difficulties by 75-90%.%>*¢

90
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Figure 4 The quantity of water used to swallow a capsule (size 00) in subjects with
and without medication swallowing difficulties (n = 148).

Having a previous episode of choking on medications
was found to be a potential indicator of current medication
swallowing difficulties in this study. The resulting anxiety
around the potential to choke can stimulate the autonomic
nervous system leading to muscle tension and inhibition of
saliva flow, which thereby affects the swallowing

Anxiety or fear of swallowing medications
11,37

process.*’
may arise from gagging and choking on medication.
Some medications, such as antibiotics, bisphosphonates,
and NSAIDs can cause tissue damage when they come in
contact with the esophagus®’ which may also leave
a negative memory leading to avoidance of swallowing
medications. Having a larger proportion of people with
medication swallowing difficulties with a memory of
choking on medications than foods in this study indicates
that swallowing of food and medications may be concep-
tualized differently.

The analysis of medication-taking behaviours indicated
that while the majority of the participants (83%) held
appropriate head positioning during swallowing, more
than half used less than the recommended amount of
water for medication swallowing. The volume of liquid
used for swallowing is influenced by the size of the cap-
sule/tablets being swallowed.* The minimum recom-
mended volume for swallowing and safely transporting
tablets and through the
50-60 mL.**>!" Quantities lower than 30 mL may cause

capsules esophagus is
the capsules to adhere to the esophageal membrane and

impede the transport.”® An upright posture and neutral

Patient Preference and Adherence 2021:15

submit your manuscript 37

Dove


http://www.dovepress.com
http://www.dovepress.com

Radhakrishnan et al

Dove

head position are also critical for safe medication
swallowing.>*! Swallowing with the head in extension
can result in medication aspiration observed in patients
swallowing endoscopic capsules,*” whilst the chin-down
position promotes faster esophageal transit time.?*~°
Although none of these factors were significantly asso-
ciated with medication swallowing difficulties, patient
education regarding safe and correct medication swallow-

ing behaviours can be beneficial.

Limitations
We recognize a number of limitations in the methods used in
this study. The swallowing assessments were performed by
one investigator, an experienced speech pathologist, but
inclusion of a second observer would have increased the
validity of the results. The Mallampati classification of
mouth cavity size may be influenced by obesity and
ethnicity,' > which were not considered in this study.
Moreover, the Mallampati classification is originally
designed and purposed for predicting difficult tracheal intu-
bation while there is not well-established evidence around its
association with the swallowing function. In the absence of
other feasible methods to classify the oral cavity size, this
study utilised the Mallampati classification as an easily
applied indirect indicator of mouth cavity size. Using
a single product may not accurately reflect an individual’s
chewing efficiency for different foods, as particle size dis-
tribution is highly dependent on the type of food presented.
Furthermore, the choice of 4 mm size limit was based on the
upper limit of the median particle size for swallowing carrots
in a previous study,33 which contrasts in taste, texture, and
consistency with the jelly snake in our study. Participants
were observed by the investigator during the chewing and
capsule swallow tasks, which may have affected participant
Additionally,

a capsule, which is often preferred due to easier swallow

behavior. the swallowing task involved
than tablets,” so the use of tablets may have produced differ-
ent outcomes. Finally, the significant association between
a memory of choking on medications and medication swal-
lowing difficulties was based on the assumption that anyone
that had choked on a medication in the past would have
considered themselves to have had a difficulty swallowing
medications at some time; this may not be the case, but the
questionnaire did not require all participants to answer the
question regarding having a memory of choking on medica-
tion. Future studies involving larger sample sizes are required
to establish associations between medication swallowing dif-
ficulties with physiological and psychological factors.

Conclusion

The findings of this study shed light on the problems affecting
medication swallowing in healthy adults without dysphagia.
Medication swallowing difficulties were a common problem
leading to medication modification. Having a small anatomical
size of the oral cavity, greater number of fungiform papillae
structures, and a memory of choking on medications were
associated with current medication swallowing difficulties.
People with medication swallowing difficulties felt signifi-
cantly less confident to swallow larger size capsules (size 000
and 00), though most of them were able to swallow a size 00
capsule with water when requested to during the study.
However, no significant associations were found between the
presence of the gag reflex, the memory of a choking on food, or
food neophobia with medication swallowing difficulties.
Moreover, medication swallowing difficulties did not have
a significant association with the quantity of water used for
swallowing medications or the head posture when swallowing
a capsule. Further research is needed to address underlying
reasons for medication swallowing difficulties and inform
effective strategies to overcome these issues.
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