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Teaser This review presents a systematic analysis on methods employed for assessing
acceptability of oral medicines in children and older adults, to provide insights and

recommendations regarding the design of reliable instruments in future studies.
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Acceptability of medicinal products in children and older populations is

pivotal in ensuring adherence and therapeutic outcomes. This review

systematically identifies studies reporting on formulation aspects of oral

medications that affect their acceptability in these patient groups.

Particular emphasis is placed on the evaluation of the methodologies

employed in the studies. Sixty-eight studies were included for analysis,

with 51 (75%) in children and 17 (25%) in older populations. The studies

evaluated a range of oral formulations; however, the methodologies used

differ considerably in participants’ characteristics, study settings, tools,

acceptability definitions and criteria. It is evident that there is a lack of

standardisation in study design as well as the assessment methods used in

assessing acceptability of medicines in children and older populations.

Introduction
Global regulatory initiatives are fostering the development of patient-centric pharmaceutical

products that accommodate the needs of all users, including children, older adults and their

caregivers. The lack of suitable formulations for children and older patients is increasingly

acknowledged by the regulatory and scientific communities given the prevalence of unlicensed

and off-label medicine use, undocumented modifications of dosage forms, patient-reported

administration difficulties and rates of non-adherence [1–10]. In addition to being burdensome

to patients and their caregivers, these practices can be detrimental to the safety and efficacy of

medicines [11–14]. As an example, tablets are often subdivided (split) into smaller segments to aid

swallowing or to acquire a more suitable dose; however, this might be inappropriate for certain

drug products. For example, subdivision of a tablet could lead to unequal segments with
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TABLE 1

The applied search terms

Keywords Synonyms

Populations Elderly, older adults, aging, ageing, geriatric, paediatric,
pediatric, children, infant, newborn, adolescent, teens,
youth, teenagers

Route Oral
Formulations Formulation, dosage form
Assessments Satisfaction, acceptance, preference, approval, acceptability,

swallow, palatability
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nonuniform drug doses [15–18]. When a whole tablet has been

coated with an enteric or modified release coating, breaking the

tablet could compromise the functionality of the coating and

hence alter bioavailability.

The European Medicines Agency (EMA) and Food and Drug

Administration (FDA) have adopted legislations to promote the

timely development and authorisation of medicines for use in

children (between birth and 16 years in the USA and up to 18 years

in Europe) [19–22]. To support this, the EMA released a reflection

paper in 2005 broadly outlining factors to be considered in the

development of formulations for children [23]. As knowledge,

opinion and experience in the field developed, the agency issued

another guideline in 2014 further capturing considerations in the

development of age-appropriate paediatric medicines [24]. At

present, a draft reflection paper on the pharmaceutical develop-

ment of medicines for use in the older people (defined as adults

from 65 years of age) has also been released for public consultation

[25]. Although not exhaustive, these documents emphasise the

importance of recognising the distinct needs of children and older

adults when designing drug products.

Particular emphasis is placed on establishing ‘patient

acceptability’ of pharmaceutical products, defined as: ‘the ability

and willingness of a patient to use and its caregiver to administer

the medicine as intended’ [24,25]. Ensuring that formulations are

suitably designed and acceptable to end-users reduces the risks

that medicine quality could be compromised, supports patient

adherence and consequently leads to safer and effective use of

medicines [9,10]. Acceptability is influenced by factors related to

pharmaceutical product design (such as route of administration,

dosage form design, dosing frequency and features of administra-

tion and product packaging), as well as the characteristics of end-

users [26,27]. A patient’s ability to use formulations as intended

can vary, and is often dependent on several physiological, physical

and psychological factors. Physiological functions and cognitive

and motor skills inherently develop and mature from birth to

adulthood. At the other end of the spectrum, aging is characterised

by the decline and deterioration in the functional capacity of

organs, with elderly patients often presenting with physical and

cognitive impairments, multiple comorbidities, polypharmacy

and frailty [28]. As such, development of medicines suitable for

use in children and older patients raises unique and related chal-

lenges around drug disposition, safety of excipients and limita-

tions with practical usability of dosage forms. In both populations,

caregivers often play an important part in facilitating the admin-

istration or management of medicines – in children before they

can be given responsibility for their own medication intake and in

older people if they become unable to manage their medicines.

Collectively, these aspects increase the complexity of patient-

centric pharmaceutical product design.

The lack of empirical evidence on suitability and end-user

opinions of pharmaceutical formulations across both populations

is well documented [29–31]. Consequently, the current EMA

guidelines advocate that patient acceptability is evaluated as an

integral part of pharmaceutical and clinical development [24], and

over the product lifecycle [25]. Ideally, this pivotal data should be

sought from patients and caregivers themselves as a fundamental

outcome of well-designed clinical studies with the proposed med-

icine. Alternative sources could provide indications of adequate
patient acceptability, such as human factor studies with patients or

healthy volunteers, using existing clinical trial data, or market

experiences and literature reports [8,32–34]. However, knowledge

regarding suitable methodologies for testing acceptability is sparse

and fragmented, and a harmonised approach between industry

and regulators is lacking [35]. Recent reviews have presented

literature evidence of acceptability of pharmaceutical formula-

tions in children and older patients [29–31]. This review aims to

identify studies reporting on formulation aspects of oral medica-

tions that have been shown to influence their acceptability in

paediatric and older populations, with a specific emphasis on the

evaluation of the methodological approaches to provide insights

and recommendations to the design of reliable instruments in

future studies.

Methods
Search strategy
Indexed publications were identified by searching three electronic

databases: Pubmed, Scopus and Embase, with coverage from the

start date to May 2017 for all sources. The search strategy com-

bined Boolean operators (‘AND’) using any of the search terms

shown in Table 1. In addition, a manual search of references

within publications included from the electronic search was con-

ducted to complement the electronic search. Literature collections

from expert members of the European Paediatric Formulation

Initiative (EuPFI) were also reviewed.

Selection criteria
Four reviewers (F.L., S.R.R., F.L.L. and F.R.) independently con-

ducted initial screens of identified abstracts and titles. Abstracts

were excluded if they were not in the English language, did not

report original data (e.g., review papers) or were duplicates. Articles

were included in the review if the age of the study population was

in the ranges between 0 and 18 years and >60 years. Although the

WHO has used the chronological age of 65 years as the definition

of ‘an older or elderly person’ [36], historically 60 years of age has

been applied as the cut-off age for ‘older population’ or ‘geriatrics’

and was therefore adopted in the inclusion criteria of this review.

Where a study had a population with a mixture of age ranges, the

study was included if (i) the mean/median age was between 0 and

18 years or >60 years, (ii) separate results were presented for age

groups of 0–18 years old or >60 years old, or (iii) >50% of parti-

cipants were between 0 and 18 years or >60 years old.

Studies were included if patient acceptability of an oral formu-

lation was evaluated, as defined by the EMA as ‘an overall ability of

the patient and caregiver (defined as ‘user’) to use a medicinal
www.drugdiscoverytoday.com 831
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product as intended (or authorised)’ [24,25]. Assessments included

measures of swallowability (the capacity to ingest an oral formu-

lation upon administration into the oral cavity) [25] and key

organoleptic properties such as shape, size, colour, texture and

palatability. Because this review focuses on the pharmaceutical

formulation itself, studies evaluating aspects such as packaging,

medicine administration devices and the impact of dosing fre-

quency were not included. Studies that solely focused on taste

assessment or taste comparisons of different formulations were

also excluded because this has been reviewed elsewhere [37,38].

However, studies were included if taste assessment was part of the

overall acceptability evaluation of the formulation. Evaluation of

medicine adherence (or compliance) applies different definitions

and assessment methods to acceptability [39] and studies solely

investigating these outcomes were also excluded. Disagreements

about the eligibility of studies were resolved by consensus, includ-

ing, where necessary, with the input of additional reviewers.

Data extraction
Data were extracted by each reviewer into structured summary

tables and cross-checked for accuracy. Discrepancies were resolved

by consensus, including, where necessary, with the input of addi-

tional reviewers. Key details extracted for each study included

formulation characteristics (e.g., dosage form type, size, shape

and drug content), participant age and health condition, reporting

persons (i.e., self-report or report by caregivers or observers),

sample size, study setting (country location and data collection

setting), design and acceptability assessment and primary out-

comes.

Results
The electronic search identified 2590 records potentially eligible

for inclusion (Fig. 1). Following a manual screening of titles,

abstracts and full-texts, 44 publications were eligible for inclusion.

An additional 24 papers were included after manual screening of

references within eligible publications and through studies iden-

tified by the expert panel. Therefore, a total of 68 publications were

included for analysis. The characteristics of the included studies

are summarised in Table 2. A total of 51 (75%) publications were

paediatric-population-based studies and 17 (25%) were based on

the older population. The earliest study identified was published in

1987, whereas 42 articles (62% of the combined total) were pub-

lished in the past decade from 2007 to 2017, showing increasing

research intensity in this area. Sixty studies (88% of the combined

total) were conducted in European and Northern American coun-

tries.

Tables 3 and 4 summarise the methodology and outcomes of

each eligible study with regards to the acceptability assessment.

Thirty studies (44%) assessed the acceptability of one single type of

oral dosage form, for example tablets, capsules or suspensions

(Table 3), whereas the remaining studies (n = 38, 56%) evaluated

or compared more than one type of dosage form, for example the

acceptability or preference of tablet versus oral suspension (Table

4). For paediatric-based studies (n = 51), the individual who pro-

vided the responses to the acceptability assessment included chil-

dren (n = 21, 41% of the total paediatric studies), caregivers

including parents and carers (n = 19, 37% of the total paediatric

studies), children and caregivers (n = 10, 20% of the total paediat-
832 www.drugdiscoverytoday.com
ric studies) and observers or investigators (n = 1, 2% of total

paediatric studies). Thirty-five percent (24/68) of the studies eval-

uated the acceptability of medicines already being prescribed to

the patients, whereas in the rest of the studies (65%) patients

received medicines for the purpose of testing their acceptability.

Further details on the methodology directly related to the

acceptability assessment were extracted and are listed in Table

5. Questionnaires (n = 41, 60%) were the most commonly applied

method in assessing acceptability of formulations, followed by

observations (n = 16, 24%) that mostly related to observing the

ability of the participant to swallow oral formulations. A variety of

terms were used to describe or measure the acceptability (Table 5);

‘acceptability’ was the most commonly used term (n = 17, 25%)

followed by ‘preference’ (n = 13, 19%). More than one-third of the

studies (n = 26, 38%) lacked a clear definition on acceptability or

other synonymous terms used. It is noteworthy that no studies

included in the analysis provided standardised criteria for accept-

ability assessment, for example the ‘acceptability rate’ or the

minimum % rate that would deem the formulation to be consid-

ered acceptable to patients.

Discussion
Study types and settings
In assessing formulation aspects of oral medications that influence

their acceptability in the paediatric and older populations, this

review examined 68 studies with 51 paediatric- and 17 older-

population-based studies. Evident from examining these studies

is the lack of standardisation in study design and the assessment

methods used. Table 6 summarises study design considerations for

dosage form acceptability assessments in children and older

adults. All aspects of study design differ considerably in the

reviewed studies. The types of the studies include clinical trials

evaluating efficacy and tolerability of treatments, standalone

investigations into acceptability of medicines such as post-mar-

keting surveys and swallowability evaluation of solid dosage forms

[3,8,34,57–72] (Table 2). The settings where the studies took place

ranged from hospitals and specialised clinics to community-based

environments (e.g., home, school, community centres) (Table 2).

It is acknowledged that patient acceptability is influenced not only

by formulation attributes but also characteristics of the patient (e.

g., disease type and stage). In this regard, acceptability studies

performed in the targeted patient population during prospective

studies such as clinical trials and observational studies in post-

marketing surveys could provide a more representative insight

into the true acceptability of the formulation compared with

studies conducted in healthy volunteers. However, it should be

noted there could potentially be a selection bias in clinical trials

because only patients who are willing to participate are included.

In addition, in studies nested to clinical trials, it can be difficult to

deconvolute the effect of the dosage form design from the effect of

the efficacy or safety balance of the medicine (e.g., appearance of

adverse events). Although clinical trials are often conducted in

standardised conditions, the translation of the outcomes to

patients taking the medicines at home or at school might not

be straight forward. Studies conducted in healthy subjects using

placebo formulations can provide fundamental understanding of

the acceptability of different dosage form designs. Equally, it

might not be possible to generalise acceptability findings of a
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Records identified through database
searching

Pubmed (n = 980)
Scopus (n = 1302)
Embase (n = 308)

Total results produced (n = 2590)

Abstracts retrieved and evaluated
n = 150

Publications included
(n = 44)

Exclusion of duplicates
(n = 2463)

Full-text articles excluded
(n = 10):
Population age range not
eligible (n = 3)
Taste assessment (n = 4)
Non-oral formulation (n = 1)
Conference abstract (n = 2)

Total publications included
(n = 68)

Manual screening of references (n = 11)
Manual screening of papers sent from

expert panel (n = 13)

Full-text article accessed and assessed
n = 54

Abstracts excluded (n = 96):
No acceptability test
conducted (n = 53)
Taste assessment (n = 23)
Population age range not
eligible (healthy/normal adult
volunteers) (n = 7)
Review article (n = 8)
Non-oral route (n = 3)
Adherence study (n = 2)

Drug Discovery Today 

FIGURE 1

Literature search results on studies reporting acceptability of oral medicines in paediatric and older patients.
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formulation, for example swallowability of a certain dosage form

in a certain patient group, to other settings and patient groups

because it can be influenced by the environment and the char-

acteristics of the patient. For example, a substantial discrepancy in

the prevalence of dysphagia symptoms between older patients in

nursing homes (68%) and community-dwelling older adults has

been found (11%) [73,74].

Participant characteristics
The participant characteristics varied in terms of age, disease

status, developmental stages and/or age-related impairments in

the reviewed studies. Age is often used in the classification of the

paediatric and older populations. Although guidance is available

to define paediatric subgroups according to age (ICH E11), this was
not followed by the majority of paediatric-based studies with a

wide variety of age ranges used, for example 0–26 years in one

study [75] and 6 months to 14 years in another [76]. Although

arbitrary age was suggested to be used to divide subgroups of the

older population, numerical age alone scarcely correlates with

physiological functions of the older individual or outcomes of

interventions. Classification of the frailty status of older patients

was proposed to be a more accurate reflection of physiological

activities and abilities [77]. Healthy volunteers and patients with a

range of diseases were recruited into these studies (Tables 2–4).

Disease conditions, especially the presence of multiple morbidities

in the older patient, might affect the experience and acceptance of

patients to take their medicines. Similar effects might be seen from

patients’ past experiences in taking medicines and the nature of
www.drugdiscoverytoday.com 833
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TABLE 2

Study characteristics across the paediatric and older adult
populations: data are number (%) of studies

Study characteristics Paediatric-
population-
based studies
(n = 51)

Older-adult-
population-
based studies
(n = 17)

Year of publication
2017–2007 34 (66) 8 (47)
2006–1997 14 (27) 4 (24)
1996–1987 3 (6) 5 (29)

Journal field
Nutrition 3 (6) –

Medical 42 (82) 11 (65)
Pharmacy 6 (12) 6 (35)

Location of study
Europe 28 (55) 10 (59)
North America 18 (35) 4 (24)
Asia 2 (4) 3 (18)
Africa 3 (6) –

Type of study
Clinical trials 12 (24) 3 (18)
Swallowability evaluation 18 (35) 6 (35)
Other 21 (41) 8 (47)

Study setting
Specialist clinics/centres 9 (18) 4 (24)
Community baseda 16 (31) 2 (12)
Hospital based 20 (39) 8 (47)
Multi-settings 5 (10) 1 (6)
Not specified 1 (2) 2 (12)

Population size
0–50 17 (33) 5 (29)
51–99 7 (14) 2 (12)
100–199 10 (20) 5 (29)
200–299 3 (6) –

300–399 5 (10) 1 (6)
400–499 2 (4) –

500+ 7 (14) 4 (24)

Health conditions of participants
Healthy volunteers 9 (18) 4 (24)
Taking medicines – reason unknown 2 (4) 1 (6)
In hospital – reason unknown 8 (15) –

With disease conditionsb 32 (63) 12 (71)
a Include: homes, general practitioners, schools, pharmacies and preventive health
centres.
b Disease conditions include acute childhood diarrhoea, after surgery, allergies,
Alzheimer’s disease, asthma, cystic fibrosis, dysphagia, eligible for typhoid vaccination,
epilepsy, HIV, hyperactivity disorder, hypercholesterolaemia, hypertension, infections
requiring prescription of antibiotics, iron deficiency, malnutrition, nephrotic syndrome,
oesophageal obstruction, osteoporosis, Parkinson’s disease, phenylketonuria, primary
nocturnal enuresis, respiratory tract infections, sickle cell disease, type 2 diabetes and
undergoing adentonsillectomy.
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their current medications (including the likeliness of polyphar-

macy in the older patient). For instance, differences were reported

in the preference of tablet colours between older patients taking

small and large numbers (>10) of tablets each day [78]. To add to

the complexity, variations in children’s development and age-

related impairments in the older population (e.g., visual, cognitive

and motoric functions) could also affect patient handling and

taking their medicines.
834 www.drugdiscoverytoday.com
Study methods and tools
The selection of the applied study methods and tools reflected the

purpose of the studies. For example, assessing the swallowability of

tablets and capsules was often done by direct observation or

instrumental examination (e.g., videoendoscopy), whereas gener-

al acceptability of a formulation or medicine was conducted by

interviews and questionnaires accompanied by facial and visual

analogue scales (Tables 3 and 4). Age-appropriate facial scales have

been developed for taste assessment in paediatrics and can be

adapted for acceptability studies [37], although careful consider-

ation must be given to the choice of scales and response options to

avoid bias [79]. Two studies have used multiple endpoints to report

the acceptability; for example, using the combination of children

and parent reporting on acceptability and direct observation on

the outcome of the intake [41,80]. These combinations of end-

points might minimise the bias of using one method for reporting

the acceptability. In the majority of the studies (65%), patients

received medicines or placebo formulations for the purposes of

assessing their acceptability and a smaller proportion of studies

(35%) evaluated acceptability of medicines that have already been

prescribed to the patients. Although using patients’ own medi-

cines gives a real-world judgement on the use of the medicines, it is

necessary to conduct perspective studies such as randomised trials

to compare the acceptability of newer types of medicines or

formulations to conventional ones.

With regards to methodological details, differences were ob-

served between studies in terms of number of participants, study

duration, number of administration attempts and who was re-

sponsible for answering the questions. In paediatric-based studies,

feedback on acceptability or otherwise of the formulations was

given almost equally by the children and their parents or care-

givers (Tables 3 and 4). However, it is interesting to note that in

certain studies caregiver or parental response was used for children

older than 12 years (up to 26 years old) [34,75,81]. In most of the

older-population-based studies, acceptability was evaluated by the

patients themselves, with the exceptions of caregivers’ satisfaction

for medicines used in the treatment of Alzheimer’s and Parkinson’s

diseases. This was probably because of the disease-related decline

in patients’ capacity in participating in the studies [82,83]. How-

ever, the acceptability of the patient might differ from that

reported by caregivers.

Clarification is required regarding circumstances under which

the caregiver’s (parent’s or partner’s) response should be used

instead of the patient’s in the paediatric and older populations.

FDA guidance on patient-reported outcome (PRO) measures could

provide some valid insight into this question [22]. This guidance

highlights the challenge of PROs in children and in patients who

have cognitive impairment or are unable to communicate. For

these populations, especially patients who cannot respond for

themselves, the FDA encourages observer reports that include only

those events or behaviours that can be observed, and discourages

proxy-reported outcome measures. As an extension of this guid-

ance, in 2013 an International Society for Pharmacoeconomics

and Outcomes Research (ISPOR) taskforce proposed good practices

for paediatric PRO research, which is conducted to inform regula-

tory decision-making and support claims made in medical product

labelling [84]. These recommendations propose that there is no

clear evidence of child-report reliability and validity in children
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TABLE 3

Methods and acceptability results in studies that assessed a single dosage forma

Formulation type Drug content Participant
age range

Persons who
gave the
acceptability
response

Acceptability
assessment method

Acceptability synonym and
definition

Summary of acceptability
results

Refs

Tablets (7 mm,
cylinder)

Placebo 6–12 years Children Observation and six-
point visual scale

‘Ability in swallowing the
tablet’, not defined; and ‘ease
of swallowing’, not defined

91% of children were able to
swallow a tablet; 89.5%
subjects performed the task
without difficulty and 10.5%
exhibited a little difficulty

[70]

Tablets – 11–20 years Children Semi-structured
qualitative interview

‘Capability to swallow
medicines’, not defined

Over one-third (n = 32) of
adolescents expressed
difficulty in taking oral
medicines mostly owing to
their taste and size

[3]

Tablets (7 mm
round)

Ketoprofen 1–9 years Parents Questionnaire ‘Problems in administering
tablets’, not defined

14% parents reported
problems in administering
the tablets to their children
which related to difficulty in
swallowing the tablets

[94]

Tablets (film coated,
5–8 mm, round)

Levamisole 2–18 years Children Observation ‘Ability to swallow the
medicine’, not defined

Children swallowed 1–7
tablets every other day for
several months and no
problem with swallowing
tablets was reported

[95]

Minitablets (3 mm,
uncoated)

Placebo 2–6 years
(divided
into four
age groups)

Children Observation ‘Success in swallowing’,
defined as the tablet being
swallowed whole; chewing,
spitting out and refusal were
defined as ‘nonswallowed’

The proportion of children
who successfully swallowed
the mini-tablet was 45–55%,
76% and 87% for 2–3 years, 4
years and 5 years old,
respectively

[71]

Mini-tablets (2 mm
and 3 mm)

Placebo 2–3 years Children Observation ‘Ability to swallow’, defined as
complete deglutition
including ‘smooth
swallowing’, ‘swallowing with
a choking reflex or cough’, or
‘biting or chewing followed
by swallowing’

83% of children were able to
swallow five or ten mini-
tablets of the tested sizes with
the aid of fruit jelly on a
spoon. However, only 57% of
all children were capable of
swallowing the tablets
without chewing

[69]

Capsules containing
microtablets

Pancrelipase MT 6–30
months

Parents Questionnaire with
four-point palatability
scale (0 being poor and
3 being excellent)

‘Palatability’, defined as ease
of swallowing

The median palatability score
was 2.6 during the
randomisation period

[51]

Gelatin capsules
from ‘sprinkle’ size,
through 4,3,2, and 1,
to 1000 IU capsule
sizes

Placebo 3–13 years Children Observation ‘Success in swallowing pills’;
not defined

17 children learned to
swallow the pills through
training and 11 failed to learn
to swallow the pills

[62]

Gelatin capsules of
increasing sizes

Placebo 4–21 years Children Observation ‘Success in pill swallowing’,
not defined

95.7% children were
successful in swallowing the
pills through training

[64]
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TABLE 3 (Continued )

Formulation type Drug content Participant
age range

Persons who
gave the
acceptability
response

Acceptability
assessment method

Acceptability synonym and
definition

Summary of acceptability
results

Refs

Gelatin capsules (#5
to #00 in size)

Placebo 3.5–17.5
years

Children Observation ‘Success in swallowing’,
defined as pill ingestion and
in clean mouth after
swallowing

Training was performed on
four disabled children and
had varied degree of success
in improving capacity in
swallowing capsules

[57]

Tablets and capsules
of various sizes

Placebo 4–9 years Children Observation ‘Success in pill swallowing’,
not defined

Seven out of eight children
improved pill swallowing by
training

[59]

Tablets of various
shapes and capsules

Placebo 67–95
(mean 81)
years

Patients Video-endoscopy ‘Penetration Aspiration Scale
(PAS)’

Compared with
administration of milk alone,
swallowing the tablets and
capsules significantly
increased the PAS values in
patients with stroke-induced
dysphagia

[8]

Enteric coated
capsules

Typhoid vaccine 4–6, 7–9,
10–12 years

Children Observation ‘Success in swallowing the
medicine’, defined as ability to
swallow the capsule without
breaking them

The success rates for
swallowing the capsules were
84.4%, 94.2% and 100% for
the age groups of 4–6 years,
7–9 years and 10–12 years

[96]

Capsules Radiolabelled placebo
gelatin capsule, sized
#1, #0 and #00

70–81 years Radio
scintigraphy

Radio-scintigraphy ‘Oesophageal clearance’,
defined as the radioactivity in
the oesophagus returned to
10% of peak value

Capsule retention in the
oesophagus can occur in
older patients even when the
dosage form was ingested
with a large amount of fluid
(three out of nine elderly
subjects)

[58]

ODTsb Placebo and
ondansetron

5–11 years Children Observation and
questionnaire

‘Acceptability’, observational
acceptance defined as not
reject or spit out;
questionnaire assessed taste,
sensation and willingness to
take the medication in the
future

100% observational
acceptance; however, a
significantly larger number of
the subjects in the
ondansetron group found the
tablet not tasting ‘good’
compared with the control
group; 13% in the
ondansetron group stated
that they would not be willing
to take the medication in the
future

[41]

ODTs Amlodipine 58.3% aged
�65 years

Patients Interview ‘Palatability’, defined as
easiness to ingest

99.6% found the formulation
‘easy to ingest’

[54]

ODTs Voglibose 64.4 �11.2
years

Patients Questionnaire assessed
using comparison to
conventional tablets as
‘easier’, ‘no difference’ or
‘more difficult’

‘Convenience of taking the
medicine’, not defined

53.1% reported that taking
the ODT was easier than
taking conventional tablet

[56]
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TABLE 3 (Continued )

Formulation type Drug content Participant
age range

Persons who
gave the
acceptability
response

Acceptability
assessment method

Acceptability synonym and
definition

Summary of acceptability
results

Refs

Dispersible tablets Zinc 0–60
months

Caretakers Interview Problems in administrating
the tablets

Eight caretakers (6.5%)
reported problems with
administering the tablet to
their child

[97]

Dispersible tablets Zinc 3–59
months

Caretakers Questionnaire, assessed
using comparison to
other medicines as
‘better’, ‘same’ or ‘worse’

‘Acceptability’, measured on
the basis of child’s behaviour
when given the medication

93.1% of caretakers reported
that the tablets were equally
or more acceptable to their
children than other medicines

[98]

Dispersible tablets Fixed-dose
combinations (FDC) of
antimalaria drugs,
artemether-
lumefantrine (AL) and
dihydroartemisinin-
piperaquine (DP)

6–59
months

Caregivers Questionnaire ‘Ease of use’ and
‘acceptability’, not defined

Caregivers reported that the
two dispersible FDC tablets to
be simple to use (82%, 67%),
having good palatability
(72%, 56%) and preferred the
dispersible tablet over syrup
(76.8%, 62.3%) for both
products

[48]

Suspensions Antibiotics Median
range 18–
22 months

Parents Telephone interview
using three- or five-
point scales

‘Acceptance’, defined using
willingness to swallow and
occurrence of vomiting;
‘satisfaction’, defined as
‘extremely satisfied’ and
‘satisfied’ on the scale

Percentage satisfaction was
reported as 89, 81, 74 and
67% for four suspensions,
respectively

[99]

Suspension Mercaptopurine 3–12 years Children and
parents (for
children below
the age of 6)

Questionnaire using
five-point facial hedonic
scale

‘Acceptability’, not defined 77% children rated the taste
of the formulation between
‘okay’ to ‘good’; 82% reported
that it was ‘easy to take all the
time’

[100]

Suspensions
reconstituted from
tablets

Roxithromycin 2–8 years Investigator Observation using a six-
point scale

‘Acceptability’, defined as
child smiling or without
making a face during taking
the medicine

The investigator reported the
acceptability as good, fairly
good or acceptable in 70.5%
of children

[47]

Oral drops Vitamin K Infants Midwives Questionnaire ‘Acceptability’, not defined 56% of midwives reported the
use of the oral drop as ‘quite
acceptable’ or ‘completely
acceptable’ with 33%
undecided and 11% reporting
it as ‘not very acceptable’

[101]

Oral formulations in
general

Hydroxyurea 5–17 years Parents Questionnaire ‘Ability to swallow medicines’,
not defined

98% of children could
swallow liquid medications;
75.5% and 72.5% could
swallow tablets and capsules,
respectively

[34]
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TABLE 3 (Continued )

Formulation type Drug content Participant
age range

Persons who
gave the
acceptability
response

Acceptability
assessment method

Acceptability synonym and
definition

Summary of acceptability
results

Refs

Oral formulations in
general

Antibiotics 0–12 years Parents Questionnaire No specific terms were used.
The use and the problems
related to the use of the
formulations were measured

11% of the parents had
difficulty in administering the
medicines to their child.
Fewer administration-related
problems were associated to
tablets and capsules than to
suspensions and soluble
tablets

[102]

Oral formulations in
general

All medicines included 0–26 years Parents Questionnaire ‘Acceptance’, defined as
history of medication
rejection, frequency of use
and ability to ‘easily’ swallow
tablets and capsules

33.5% and 39.2% of children/
adolescents had rejected
liquid and pills, respectively,
at least once

[75]

Tablets or capsules
using in situ coating
(MedCoatJ) as an
aid

Patients’ own
medications

2–17 years
(mean 9
years)

Children or
parents

Questionnaire ‘Tolerance’, defined as the
facilitation of drug treatment,
swallowing ability and drug
palatability

The ability to swallow tablets
or capsules improved in 68 of
78 children after in situ
coating

[72]

Oral formulations
(including liquids,
tablets and capsules)
using Pill Glide as an
aid

Patients’ own
medications

6–17 years Children Self-reporting diaries,
using six-point numeric
or facial hedonic scale
(0 indicating not
difficult to 5 most
difficult)

Medicine Taking Difficulty
Score (MTDS) indicating
‘difficulty/ease of swallowing
medications’

Pill Glide decreased 0.93
overall MTDS for swallowing
solid medications

[66]

Tic tac (candy) using
Pill Glide as an aid

Candy 9–17 years Children Observation ‘Success in pill swallowing’,
not defined

Seven of the 11 adolescents
were successful in swallowing
the pill using Pill Glide as an
aid

[63]

a Single dosage form assessed: only one type of dosage form, e.g., tablet or capsule, was investigated. Drug-containing and placebo formulations can be assessed; however, they are presented as the same dosage form.
b ODT: orally disintegrating tablets.
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TABLE 4

Methods and acceptability results in studies that compared two or more dosage forms

Small (0.287 � 0.710 inches)
vs large (0.360 � 0.760
inches) tablets

Dietary
supplements

Above 50 (mean age
68) years

Patients Questionnaire using VASb (100mm,
higher scores mean more
preferable)

‘Preference’ ranked based on
eight aesthetic characteristics
and overall preference

Significantly more patients
preferred smaller than larger
tablets

[60]

Two different tablet
formulations (Ketovite and
RSM)

Micronutrient 1–16 years (mean 10
years)

Children
and family

Questionnaire using a Likert scale
from 1 (liked) to 7 (disliked)

Opinion about the medication,
with respect to appearance,
smell, texture, ease of
administration, taste, size and
acceptability

Children generally swallowed
Ketovite tablets because of their
smaller size; the RSM was
chewed by most children owing
to larger size. 53% of families
were in favour of changing
Ketovite to the RSM, especially if
its size were reduced

[42]

Tablets vs film-coated
dispersible tablets

Acyclovir 71–94 (mean 82)
years

Patients Questionnaire ‘Ease of swallowing’ Standard tablets and film-
coated dispersible tablets were
swallowed whole with 200 ml
water. 50% of subject did not
have any preference between
the formulations. Of those who
had expressed a preference,
79% preferred the film-coated
dispersible tablet

[103]

Tablets (fixed dose
combination) vs effervescent
calcium tablets plus vitamin
drops

Calcium and
vitamin D

70–95 years Patients Questionnaire ‘Acceptability’, defined as overall
satisfaction, taste and
presentation

A significantly higher proportion
of patients were satisfied with
their treatments with the fixed
dose combination tablet
formulation; no significant
differences were found for other
acceptability parameters such as
taste and presentation between
the two formulations

[50]

Tablets (1.3 g) vs other
commonly used forms
(powder, drink and capsules)

Protein substitute Median 15 years,
ranging 8–25 years

Patients Questionnaire using VAS (100 mm,
higher scores mean more
acceptable)

‘Acceptability’, defined as
palatability, smell, ease of
swallowing and gastrointestinal
intolerance

70% patients preferred tablets
over their previously used
protein substitute formulations

[45]

Tablets vs oral lyophilisate
formulation (MELT)

Desmopressin 5–15 years Patients Questionnaire using VAS (100 mm
with 0means very easy and 100 very
difficult to use)

‘Preference’ and ‘ease to use’
which is not defined

56% preferred MELT vs 44%
preferred tablets; VAS scores
were 22.2 �28.3 mm and 22.6
�27.0 mm for MELT and tablets,
respectively

[44]

Tablets vs powder Cholestyramine 10–18 years Patients Questionnaires with six-point Likert
scales

‘Acceptability’, defined as
preferences at the end of the
study

82% participants preferred
tablets and 16% preferred
powder

[46]

Tablets (4 mm) vs powder vs
suspension vs syrup

Placebo 1–4 years Parents Questionnaire using VAS (0–10 cm;
0 means very unpleasant and 10 not
at all unpleasant)

‘Acceptability’, defined using
VAS score by parents’
observation and result of the
intake (whether or not
swallowed); and ‘preference’
defined as the single most
preferred formulation by child
and parent

The mean VAS scores were 9.01,
8.20, 7.90 and 8.19 for the tablet,
powder, suspension and syrup,
respectively; children and
parents preferred the tablet and
syrup over the suspension and
the suspension over the powder

[80]
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Film-coated tablets
(5.7 � 11.6 mm) vs gelatin
capsule (#3, 5.8 � 15.9 mm)

Placebo Mean age 66 years – Gamma scintigraphy ‘Oesophageal transit’ Prolonged oesophageal transit
was observed for the capsules
compared to the film-coated
tablets

[104]

Tablets vs ODTsa Carbidopa-
levodopa

71.8 �8.3 years, with
Pakinson’s disease

Patients Global Preference Questionnaire ‘Preference’ 45% of patients preferred ODTs
compared to 20% preferred
conventional tablets

[105]

Tablets vs ODTs Placebo 64.5 �11.8 years – Videoendoscopy ‘Swallowing performance’,
assessed by number of
swallows, total time of swallow,
use of liquid to assist
swallowing, residue in the
hypopharynx and airway
compromise

Significantly more numbers of
swallows and longer duration of
swallowing were required to
swallow tablets compared to
ODTs in patients with dysphagia

[61]

Halved scored tablets vs
syrup

Antiretroviral
drugs

3 months to 17 years Parents Questionnaire ‘Acceptability’, defined as
preference, difficulties and
associated problems

The proportion of caregivers
and children who preferred
tablets over syrup was 97% and
59%, respectively. All children
who preferred syrup were under
4 years old. 64% of children took
the tablets dissolved or crushed
and administered with a small
amount of liquid

[81]

Minitablets (2 mm,
uncoated) vs syrup

Placebo 0.5–6 years (divided
into six age groups)

Children Observation ‘Acceptance’, defined as
swallowing and chewing with
subsequent swallowing for the
minitablet, and not defined for
syrup

Overall acceptance of the mini-
tablet was higher or equal to
that of the syrup in all age
groups

[106]

Uncoated and coated 2 mm
minitablets vs syrup

Placebo 6 months to 1 year,
1–2 years, 2–3 years,
3–4 years, 4–5 years
and 5–6 years

Children Observation ‘Acceptability’, defined as
swallowed and chewed before
swallowing for the mini-tablets
and everything swallowed and
small trickle or left over for the
syrup

78.4–100% acceptability for the
uncoated minitablets; 84.3–
100% acceptability for the
coated minitablets and 64.7–
90.2% acceptability for the
syrup; two incidents of
coughing were observed for the
coated minitablets

[68]

Mini-tablets (uncoated,
2 mm) vs syrup

Placebo Median 4 days (range
2–28 days)

Children Observation ‘Acceptability’ defined as
complete or partial swallowing;
‘swallowability’, defined as
complete swallowing

100% acceptability was
obtained for the mini-tablet and
syrup formulations.
Swallowability was significantly
higher for mini-tablets (82.2%)
than syrup (72.2%). No serious
adverse events (coughing or
coking) were observed for both
formulations

[67]

Tablets, pellets (minitablets)
vs syrup

Lopinavir 3 months to 13 years
(divided into three
age groups)

Caregivers Questionnaire ‘Acceptability’, reported as
caregivers’ preference

For children below 12 months
and 4 years old, 44% and 36%
preferred pellets over syrup
after 48 weeks’ usage; for older
children (4–13 years), only 13%
preferred pellets to tablets after
48 weeks

[107]
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Chewable tablets vs sachet Calcium and
vitamin D3

supplement

Mean age 66 years Patients Questionnaire using a 0–10 rating
scale for assessing acceptability,
higher score indicating higher
acceptance

‘Preference’ and ‘acceptability’
which is defined using five
questions relating to the
convenience of use of the
medicines

67% patients preferred
chewable tablets compared to
19% preferred sachet; chewable
tablets received significantly
higher acceptability scores for
all five questions

[108]

ODTs vs oral solution Desloratadine 0–12 years Parents Questionnaire ‘Preference’ measured using
likelihood of trying ODT and
relative preference to current
medicines

65% of parents in Spain
preferred the ODTs compared to
55% in Italy, 48% in France and
26% in The Netherlands

[109]

Sprinkles vs syrup Valproate 5–16 years Parents and
children

Questionnaire ‘Preference’, direct comparison
of the formulations

Nine out of 12 parents preferred
sprinkles over syrup; similarly
nine out of 12 children preferred
sprinkles over syrup

[40]

Sprinkles vs oral drops Iron supplement 5–7 months Parents Questionnaire ‘Ease of administration’, not
defined

Parents were significantly more
likely to be concerned about
using sprinkles as a new product
(12% vs 0%) and about safety of
sprinkles for infants (14% vs
1.3%) than oral drops; parents in
the oral drop group were more
likely to report difficulty in
integrating administration of
the supplement to daily routine
than (38% vs 17%)

[43]

Sprinkles vs oral drops Iron supplement 8–20 months Parents Questionnaire ‘Ease of use’, not defined 92.9% of children expressed
dislike of the oral drops and
6.5% objected to take the
sprinkles

[53]

Granules vs capsules Pancreatic
enzyme
replacement

6–36 months Parents Questionnaire ‘Preference’ 51% parents preferred the
granules and 23% preferred the
capsules

[55]

Dispersible tablets vs
capsules

Levodopa/
benserazide

Parkinson’s disease
patients, mean age
79.5 years

Patients Not defined Not defined Of eight participants, two
patients preferred the
dispersible tablet, three had no
preference and three preferred
capsules for reason of
convenience

[33]

Modified release granules vs
oral solution

Valproate 6.7 �3.6 years
(acceptability in
children was
assessed in those
older than 4 years)

Children
and parents

Questionnaire with five-point facial
hedonic scale

‘Palatability’, defined as taste of
the medicine; ‘ease of
administration’, defined as no
problem in giving the medicine
to the child

The overall palatability score of
granules was significantly
higher than the solution in
children and parents; parents
reported significantly fewer
problems in giving the granules
to their children than the
solution

[52]

Creon110 000 microspheres
(0.7–1.6 mm in a 50% smaller
capsule) vs Creon18000
microspheres (1.0–2.0 mm)

Pancreatic
enzyme
replacement

3–17 years Children Questionnaire ‘Preference’, with reference to
ease of swallowing, presence of
an aftertaste and feeling of
fullness after taking the
medicine

87% preference for Creon1 10
000 over 7.4% preference for
Creon1 8000

[110]
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Syrup vs suspensions vs oral
solutions

Antibiotics 0.5 months to 14
years (median age 2
years)

Parents or
children if
old enough
to
understand

Questionnaire using five-point facial
scale

‘Acceptability’, defined using
completion of treatment, taste,
spitting out of product and
acceptance to use in the future

A higher favourite was
expressed towards amoxicillin–
clavulanic-acid princeps over
generics. 22.45% children spat
out at least one dose of
antibiotic

[76]

Oral drop vs oral filmstrip Vitamin D 1.9–4.3 weeks Infants and
parents

Observation in infants and
questionnaire for parents using a 1–
10 Likert scale

‘Acceptability’, ‘acceptance’ and
‘preference’ were all used. Infant
acceptance was assessed using
reactions to the administration

An overall preference of 85.4%
was observed for the filmstrips;
however, it was not clear how
this was calculated

[89]

Oral liquid, small tablet
(5 mm in diameter), medium
tablet (10 mm in diameter)
and large gelatin capsule
(22 mm � 7 mm)

Placebo 3–17 years Children Observation, using the Pediatric
Oral Medication Screener (POMS)

Ability to swallow oral
medications, with set criteria for
different age groups
(swallowing liquid for 3–5 years,
liquid and small/medium tablets
for 6–10 years and all
formulations for 11–17 years)

28 out of 34 children passed
their age-specific swallowing
criteria. Of the six children who
did not pass the criteria, three
improved pill swallowing ability
after intervention

[65]

Oral solid formulations Placebo 6–11 years and 12–17
years

Children
and
caregivers

Questionnaire ‘Acceptability’, defined as
‘ability’ and ‘willingness’ to take
the formulation

Favourable attitudes towards
tablets and capsules increased
with age until around 14 years.
Chewable and orodispersible
tablets were seen to be
preferable across ages, whereas
multi-particulates were less
favourable

[111]

Oral solid formulations Placebo Over 65 years Patients Questionnaire using 0–10 scoring,
with 10 being the most acceptable

‘Acceptance’ Dispersible/effervescent tablets
and orally disintegrating tablets
were considered to be the most
acceptable, followed by mini-
tablets. Chewable tablets and
granules were the least favoured

[4]

Tablets vs metered dose
inhaler

Zafirlukast tablets
and inhaled
beclomethasone
dipropionate

12–17 years Children Questionnaire ‘Preference’ and ‘ease of use’
which is not defined

70% children preferred the
tablets compared with 27%
preferred the inhaler; 71%
preferred the tablets for ease of
use compared with 29%
preferred the inhaler for ease of
use

[112]

Chewable tablets vs
metered-dose inhaler

Montelukast
sodium tablets
and inhaled
cromolyn sodium

6–11 years Parents and
children

Questionnaire using six-point rating
scale

‘Preference’ and ‘satisfaction’.
Satisfaction was assessed using
seven questions including
overall satisfaction on treatment
outcome and medication used,
convenience and difficulty in
administration, interference
with life style and taken as
instructed

Significantly more parents and
children preferred the oral
formulation compared with the
inhaler (87% vs 12% and 82% vs
17%, respectively). Parents and
children expressed greater
overall satisfaction with the oral
formulation than with the
inhaler

[113]

Oral formulations (tablets or
syrup) vs inhaler

Asthmatic drugs 0–5, 6–10,11–15, 16–
30 and 31–60 years

Patients and
parents for
children
under 5
years old

Questionnaire ‘Preference’ 55–65% children below 15 years
old preferred oral formulations
over inhaler. There was a
significant trend favouring
inhaler with increasing age

[114]
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Tablets vs transdermal
patches

Methylphenidate Median age 12,
ranging 5–17

Parents/
carers

Online survey ‘Preference’ 59.5% parents preferred for their
child to take one tablet per day
compared with 33.0% preferred
transdermal patches and 12.5%
preferred three tablets taken per
day

[115]

Oral formulations vs
transdermal patches

Anti-Alzheimer’s
disease drugs

Mean age 77 years Caregivers Questionnaire ‘Preference’ For patients who were exposed
to oral and transdermal
treatments, caregivers showed
higher preference for
transdermal patches (82.4%)
compared with oral therapy
(17.6%); for patients only treated
with one therapy, caregivers
preferred the treatment to
which the patient was exposed

[116]

Oral formulations vs
transdermal patches

Anti-Alzheimer’s
disease drugs

Mean age 77 years Caregivers Questionnaire using 0–10 rating
scale

‘Satisfaction’, ease of
administration, global
compliance, satisfaction relative
to treatment received

Satisfaction was significantly
higher for transdermal patches
compared with oral
medications; over 60% of
caregivers of patients treated
with patches reported a score
between 9 and 10 compared to
46% of caregivers of patients on
oral medications

[82]

Oral formulations vs
transdermal patches

Rotigotine 74.6 � 8.3 (patients
with Parkinson’s
disease)

Caregivers
and
physicians

Questionnaire using five-point
rating scale

‘Advantageous’, comparison of
advantages of transdermal
patches with oral formulations

Caregivers and physicians caring
for patients with Parkinson’s
disease rated the transdermal
patch to be more advantageous
compared with oral
formulations

[83]

Oral liquid vs rectal
formulations

Acetaminophen 6 months to 6 years Parents A single 10 cm VAS ‘Satisfaction’, not defined There was no significant
difference in parental
satisfaction between oral and
rectal routes of administration

[49]

a ODT: orally disintegrating tablets.
b VAS: Visual Analogue Scale.
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TABLE 5

Summary of methodology directly related to acceptability
assessments

Number of
studies

% of studies
(total n = 68)

Formulation type evaluated
Tablet (including mini-tablet) 30 44
Capsule 13 19
Sprinkle/powder/sachet/granule/microspheres 9 13
Oral solution/drop/liquid not defined 8 12
Syrup 8 12
Oral formulation vs other delivery routes
(transdermal patches/inhaler)

8 12

ODTa 7 10
Oral formulation in general 6 9
Suspension 5 9
Dispersible/effervescent tablet 5 7
Chewable tablet 2 3
Oral film strip 1 1
Candy as mock formulation 1 1

Methodology directly related to acceptability
assessment
Questionnaire/survey 41 60
Observation 16 24
Interview 4 6
Scintigraphy/videoendoscopy 4 6
Other (diary entrance/not defined) 2 3

Acceptability synonym used
‘Acceptability’ 17 25
‘Ability/capability to swallow’/’success
in swallowing’/’oesophageal transit’/’
penetration aspiration score’

17 25

‘Preference’ 13 19
‘Convenience/ease/problems of
administration/use’

6 9

‘Acceptance’ 4 6
‘Palatability’ 3 4
‘Satisfaction’ 2 3
‘Tolerance’ 1 1
‘Medication taking difficulty score’ 1 1
‘Opinion’ 1 1
‘Advantageous’ 1 1
aODT: orally disintegrating tablets.

TABLE 6

Study design considerations for acceptability assessments of
pharmaceutical dosage forms in children and older adults

Study types Clinical trials (randomisation, open/blind, single/multi-
centred) vs other types of studies (e.g., standalone
acceptability investigation, post-marketing survey)

Study settings Hospital vs special clinics vs community e.g., home,
school, children centre for children or home,
nursing home, residential home, health centre
for older adults

Population
characteristics

- Age (division into subgroups according to age)
- Health volunteers vs children
or older adults patients with diseases (disease status)
- Developmental disabilities for children-
- Co-morbidity for older adults
- Swallowing difficulties
Age-related impairments (e.g., visual/cognitive
impairments) for older adults
- Past experiences in taking medicines
- Current medications
and whether or not polypharmacy for older adults

Study methods
and tools

- Interviews/focus groups/questionnaires/
observations/diary entries
- Facial scale/Likert scale/visual analogue scale

Details in
methodology

- Number of participants
- Study duration (short vs long term use)
- Number of administration attempts
- Person who answers the question e.g.,
children vs parents/carers/healthcare
professionals for children
or e.g., patients vs partners/carers/healthcare
professionals for older adults
- Carers experiences when giving/administering
medicines

Dosage forms
to be studied

- Acceptability of a single dosage form or
comparison between more than one
- Placebo vs drug-containing medicines
- Number of dosage forms to be taken at the same time
- Administration as labelled or unlicensed use

Acceptability
definition

Standardised terms/definitions to be used vs
a variety of terms needed

Acceptability
criteria

Universally agreed acceptability standard
(e.g., 70%) vs case by case basis
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aged below 5 years. Between the ages of five and seven, responses

are questionable but their validity improves between 8–11 years of

age. This taskforce considered that self-reports should be preferred

only for children older than 11 years. In addition, the ASTM

‘Standard Guide for Sensory Evaluation of Products by Children’,

although developed for food products, provides guidance on the

development of studies in children of different ages [85]. The EMA

has also expressed a view that it is preferable for acceptability

studies to be conducted in the most relevant patient population as

an integrated part of clinical trials [24,26].

Acceptability definitions and criteria
Although attempts were made to evaluate acceptability of dosage

forms in the two patient populations, a common definition of

acceptability was not applied in the studies. In several studies,

terms such as ‘acceptability’, ‘ease of administration’, ‘ease of use’,
844 www.drugdiscoverytoday.com
‘preference’, ‘ability in swallowing’, ‘ease of swallowing’,

‘problems in administering tablet’ and ‘success in swallowing pills’

were used as the evaluation for the success or otherwise of the

study without clear definition of these terms (Table 6).

‘Acceptability’ has been defined in recent guidelines [24,25],

which has been a key step forward in improving the understanding

in acceptability testing as researchers start designing their studies

to explore the ability and willingness of the patients to take their

medicine as intended. In other words, the definition enables

researchers to identify and focus to achieve the same aim. Recent

reviews have proposed specific definitions of the terms relevant to

acceptability such as preference and usability [29]. However, it

needs to be noted that these terms differ from the regulatory

definitions of ‘acceptability’. For example, ‘preference’ is not used

as a part of the terminology in regulatory guidelines. Patient

preference of one medicine over another gives only the relative

comparison and not the actual acceptability of the medicine.

Overall acceptability is the combined effect of several contributing
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factors such as appearance, palatability, swallowability and ease of

administration [26]. Consequently, the definition of acceptability

is open to interpretation and the way it is translated into practice

might differ between studies (i.e., different outcome measures and

data collection tools). There is a need for a stream of work to

harmonise the study design as well as the collection and analysis of

data to be able to compare the outcomes of different studies.

A first attempt to consider simultaneously the contributing

factors of acceptability has been described recently [86], whereby

acceptability has been approached as a multidimensional concept.

An acceptability reference framework, map and profiles have been

designed using evaluations of medicine use in real-life conditions.

For each evaluation, a set of contributing factors has been observed

and the data have been treated with multiple correspondence

analysis to define an acceptability map. Utilising a clustering

process, evaluations reflecting treatments positively accepted

emerged in a different cluster than those that were negatively

accepted. The first results showed that in 70% of the treatment

evaluations performed the medicines were positively accepted

(234 children, 109 medicines) [86]. A further larger scale applica-

tion of the tool showed similar results with 72% positive accept-

ability in 850 children and 80% positive acceptability in 950 older

patients (unpublished data from F.R.). The reliability of the model

has been validated in a paediatric population [87].

Other tools might be considered in adaptation for acceptability

assessment, such as the Medication Acceptance Scale (MAS) which

evaluates a child’s reaction to medication based on facial expres-

sions, reactions upon ingestion and amount of dose swallowed

[88]. This tool could be useful for patients with difficulties using

scales (e.g., young children, older patients with certain diseases).

However, it needs to be noted that the MAS has been specifically

designed for infants and certain items (e.g., crying and body

movement or level of agitation) might not be suitable for other

populations such as older patients. In the studies analysed in this

review, Rodd et al. modified the MAS by deleting the section

regarding gross motor movements and the authors stated that

‘‘it was not deemed appropriate for newborns” [89]. Other tools

used in PRO measures include the Treatment Satisfaction Ques-

tionnaire for Medication (TSQM) [90], Treatment Satisfaction with

Medicines Questionnaire (SATMED-Q) [91] and ACCEPT [92] and

those recommended by the Equator Network (http://www.

equator-network.org/reporting-guidelines/), which could be con-

sidered for adaptation in acceptability assessment. However, these

PRO instruments are proposed to assess ‘satisfaction’, which

includes other factors of interest (e.g., side effects, symptom relief

and effectiveness) other than acceptability of the formulation.

Moreover, these tools have been validated in adult populations
and their appropriateness for use in children (especially aged

under 12 years) and older patients needs to be carefully evaluated.

Correspondingly, the criteria used for determining whether or not

a formulation is acceptable is missing from the studies. Again, a

universally agreed arbitrary limit or standard (e.g., 70% or 80%

acceptance) might be considered; however, in certain circum-

stances a risk:benefit-based approach might be more appropriate

on a case-by-case basis. One solution would be to join the efforts of

key stakeholders to prepare a reporting guideline for medicine

acceptability testing as for other main study types such as obser-

vational studies and randomised trials. The standardisation of

study methodology and data reporting will assist researchers to

publish high-impact health research and generate evidence-based

information towards better medicines for children and older peo-

ple. It is to be acknowledged that scientific publications could be

used as supportive evidence in the approval of new medicines,

although regulatory bodies might still require the original data to

be submitted and reviewed as part of regulatory procedures.

Limitations of the study
This review has focused only on formulation aspects of the phar-

maceutical product design and does not include other aspects such

as packaging or device used. It should be acknowledged that

aspects of a medicinal product other than formulation also have

profound impacts on patient acceptability, as shown by Drumond

et al. [29]. Data extraction did not consider the effects of the study

settings, such as the presence of caregivers or the researcher or

observer on the outcome measures on acceptability. However, this

might change the behaviour of the child or older patient and alter

the overall acceptability results.

Concluding remarks
The development of medicines that are appropriate and acceptable

to paediatric and older patients is of paramount importance in

ensuring adherence and medication safety [93]. However, asses-

sing the acceptability of medicines in these patient groups is

challenging, considering the complexity of the study population

and the diversity of the end goal of the individual investigation.

Published methods reporting acceptability of oral medicines in

children and older adults show a lack of standardisation in terms of

participant characteristics, the study settings, evaluation tools and

endpoint criteria. A consensus agreement between academia, the

pharmaceutical industry and regulators would be welcomed to

harmonise and standardise the methodology for acceptability

assessment of pharmaceutical products.
References
1 Cuzzolin, L. et al. (2006) Off-label and unlicensed prescribing for newborns and

children in different settings: a review of the literature and a consideration about

drug safety. Expert Opin. Drug. Saf. 5, 703–718

2 Fodil, M. et al. (2017) Assessment of clinical practices for crushing medication in

geriatric units. J. Nutr. Health Aging 10, 1–5

3 Hansen, D.L. et al. (2008) Adolescents’ struggles with swallowing tablets: barriers,

strategies and learning. Pharm. World Sci. 30, 65–69

4 Liu, F. et al. (2016) Acceptability of oral solid medicines in older adults with and

without dysphagia: a nested pilot validation questionnaire based observational

study. Int. J. Pharm. 512, 374–381
5 Magalhaes, J. et al. (2015) Use of off-label and unlicenced drugs in hospitalised

paediatric patients: a systematic review. Eur. J. Clin. Pharmacol. 71, 1–13

6 Marquis, J. et al. (2013) Swallowing difficulties with oral drugs among

polypharmacy patients attending community pharmacies. Int. J. Clin. Pharm. 35,

1130–1136

7 McGillicuddy, A. et al. (2016) Modification of oral dosage forms for the older adult:

an Irish prevalence study. Int. J. Pharm. 510, 386–393

8 Schiele, J.T. et al. (2015) Swallowing tablets and capsules increases the risk of

penetration and aspiration in patients with stroke-induced dysphagia. Dysphagia

30, 571–582
www.drugdiscoverytoday.com 845

http://www.equator-network.org/reporting-guidelines/
http://www.equator-network.org/reporting-guidelines/
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0005
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0005
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0005
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0010
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0010
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0015
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0015
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0020
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0020
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0020
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0025
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0025
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0030
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0030
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0030
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0035
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0035
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0040
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0040
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0040


REVIEWS Drug Discovery Today �Volume 23, Number 4 � February 2018

Review
s
�K

EY
N
O
TE

R
EV

IEW
9 Schiele, J.T. et al. (2013) Difficulties swallowing solid oral dosage forms in a general

practice population: prevalence, causes, and relationship to dosage forms. Eur. J.

Clin. Pharmacol. 69, 937–948

10 Venables, R. et al. (2015) Determination of formulation factors that affect oral

medicines acceptability in a domiciliary paediatric population. Int. J. Pharm. 480,

55–62

11 Bellis, J.R. et al. (2013) Adverse drug reactions and off-label and unlicensed

medicines in children: a nested case-control study of inpatients in a pediatric

hospital. BMC Med. 11, 238

12 Gore, R. et al. (2017) Pediatric off-label and unlicensed drug use and its

implications. Curr. Clin. Pharmacol. 12, 18–25

13 Logrippo, S. et al. (2017) Oral drug therapy in elderly with dysphagia: between a

rock and a hard place! Clin. Interv. Aging 12, 241–251

14 Stubbs, J. et al. (2008) Dose form modification – a common but potentially

hazardous practice. A literature review and study of medication administration to

older psychiatric inpatients. Int. Psychogeriatr. 20, 616–627

15 Abu-Geras, D. et al. (2017) Accuracy of tablet splitting and liquid measurements:

an examination of who, what and how. J. Pharm. Pharmacol. 69, 603–612

16 Ciavarella, A. et al. (2016) Dose uniformity of scored and unscored tablets:

application of the FDA Tablet Scoring Guidance for Industry. PDA J. Pharm. Sci.

Technol. 70, 523–532

17 Quinzler, R. et al. (2009) Substantial reduction of inappropriate tablet splitting

with computerised decision support: a prospective intervention study assessing

potential benefit and harm. BMC Med. Inform. Decis. Mak. 9, 30

18 Somogyi, O. et al. (2017) Pharmaceutical counselling about different types of

tablet-splitting methods based on the results of weighing tests and mechanical

development of splitting devices. Eur. J. Pharm. Sci. 106, 262–273

19 European Union (EU) Regulation (EC) No 1901/2006 of the European Parliament

and of the Council on Medicinal Products for Paediatric Use and Amending

Regulation (2006). Available at: http://ec.europa.eu/health//sites/health/files/

files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf.

20 Food and Drug Administration (FDA) Guidance for Industry Qualifying for

Pediatric Exclusivity Under Section 505A of the Federal Food, Drug, and Cosmetic

Act (1998). Available at: https://www.fda.gov/OHRMS/DOCKETS/98fr/980265gd.

pdf.

21 Food and Drug Administration (FDA) https://bpca.nichd.nih.gov/Pages/default.

aspx.

22 Food and Drug Administration (FDA) Guidance for Industry Patient-Reported

Outcome Measures: Use in Medical Product Development to Support Labeling

Claims (2009). Available at: https://www.fda.gov/downloads/drugs/guidances/

ucm193282.pdf.

23 European Medicines Agency (EMA). Reflection paper: Formulation of choice for

the paediatricpopulation (2005). Available at: http://www.ema.europa.eu/docs/

en_GB/document_library/Scientific_guideline/2009/09/WC500003782.pdf.

24 European Medicines Agency (EMA). Guideline on pharmaceutical development of

medicines for pediatricuse (2013). Available at: http://www.ema.europa.eu/docs/

en_GB/document_library/Scientific_guideline/2013/07/WC500147002.pdf.

25 European Medicines Agency (EMA). Reflection paper on the pharmaceutical

development of medicines for use in the olderpopulation (2017). Available at:

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/

2017/08/WC500232782.pdf.

26 Kozarewicz, P. (2014) Regulatory perspectives on acceptability testing of dosage

forms in children. Int. J. Pharm. 469, 245–248

27 Liu, F. et al. (2014) Patient-centred pharmaceutical design to improve acceptability

of medicines: similarities and differences in paediatric and geriatric populations.

Drugs 74, 1871–1889

28 Stegemann, S. et al. (2010) Geriatric drug therapy: neglecting the inevitable

majority. Ageing Res. Rev. 9, 384–398

29 Drumond, N. et al. (2017) Patients’ appropriateness, acceptability, usability and

preferences for pharmaceutical preparations: results from a literature review on

clinical evidence. Int. J. Pharm. 521, 294–305

30 Mistry, P. and Batchelor, H. (2017) Evidence of acceptability of oral paediatric

medicines: a review. J. Pharm. Pharmacol. 69, 361–376

31 Walsh, J. et al. (2017) Patient acceptability, safety and access: a balancing act for

selecting age-appropriate oral dosage forms for paediatric and geriatric

populations. Int. J. Pharm. http://dx.doi.org/10.1016/j.ijpharm.2017.07.017

32 Food and Drug Administration (FDA). Human Factors Studies and Related Clinical

Study Considerations in Combination Product Design and Development (2016).

Available at: https://www.fda.gov/downloads/regulatoryinformation/guidances/

ucm484345.pdf.

33 Bayer, A.J. et al. (1988) Bioavailability and acceptability of a dispersible

formulation of levodopa-benserazide in parkinsonian patients with and without

dysphagia. J. Clin. Pharm. Ther. 13, 191–194
846 www.drugdiscoverytoday.com
34 Bekele, E. et al. (2014) Do difficulties in swallowing medication impede the use of

hydroxyurea in children? Pediatr. Blood Cancer 61, 1536–1539

35 Ternik, R. et al. (2017) Assessment of swallowability and palatability of oral dosage

forms in children: report from an M-CERSI pediatric formulation workshop. Int. J.

Pharm. http://dx.doi.org/10.1016/j.ijpharm.2017.08.088

36 International Conference of Harmonisation (ICH). E7(R1): Studies in Support of

Special Populations: Geriatrics (2008). Available at: https://www.fda.gov/

downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/

UCM189544.pdf.

37 Davies, E.H. and Tuleu, C. (2008) Medicines for children: a matter of taste. J.

Pediatr. 153, 599–604

38 Pein, M. et al. (2014) Taste-masking assessment of solid oral dosage forms—a

critical review. Int. J. Pharm. 465, 239–254

39 Stegemann, S. et al. (2018) Adherence measurement systems and technology for

medications in older patient populations. Eur. Geriatr. Med. 3, 254–260

40 Cloyd, J.C. et al. (1992) Comparison of sprinkle versus syrup formulations of

valproate for bioavailability, tolerance, and preference. J. Pediatr. 120, 634–638

41 Cohen, I.T. et al. (2005) Ondansetron oral disintegrating tablets: acceptability and

efficacy in children undergoing adenotonsillectomy. Anesth. Analg. 101, 59–63

42 Coleman, J.E. et al. (2002) Comparison of two micronutrient supplements in

children with chronic renal failure. J. Ren. Nutr. 12, 244–247

43 Geltman, P.L. et al. (2009) Iron supplementation of low-income infants: a

randomized clinical trial of adherence with ferrous fumarate sprinkles versus

ferrous sulfate drops. J. Pediatr. 154, 738–743

44 Lottmann, H. et al. (2007) A randomised comparison of oral desmopressin

lyophilisate (MELT) and tablet formulations in children and adolescents with

primary nocturnal enuresis. Int. J. Clin. Pract. 61, 1454–1460

45 MacDonald, A. et al. (2003) Are tablets a practical source of protein substitute in

phenylketonuria? Arch Dis. Child. 88, 327–329

46 McCrindle, B.W. et al. (1997) Acceptability and compliance with two forms of

cholestyramine in the treatment of hypercholesterolemia in children: a

randomized, crossover trial. J. Pediatr. 130, 266–273

47 Moniot-Ville, N. et al. (1997) The acceptability, efficacy and safety of a new

paediatric oral suspension of roxithromycin in respiratory tract infections. J. Int.

Med. Res. 26, 144–151

48 Ogutu, B.R. et al. (2014) Efficacy and safety of artemether-lumefantrine and

dihydroartemisinin-piperaquine in the treatment of uncomplicated Plasmodium

falciparum malaria in Kenyan children aged less than five years: results of an open-

label, randomized, single-centre study. Malar. J. 13, 33

49 Scolnik, D. et al. (2002) Comparison of oral versus normal and high-dose rectal

acetaminophen in the treatment of febrile children. Pediatrics 110, 553–556

50 Sebert, J.L. et al. (1995) Evaluation of a new solid formulation of calcium and

vitamin D in institutionalized elderly subjects. A randomized comparative trial

versus separate administration of both constituents. Rev. Rhum. 62, 288–294

51 Van de Vijver, E. et al. (2011) Treatment of infants and toddlers with cystic fibrosis-

related pancreatic insufficiency and fat malabsorption with pancrelipase MT. J.

Pediatr. Gastroenterol. Nutr. 53, 61–64

52 Verrotti, A. et al. (2012) Effects of the abrupt switch from solution to modified-

release granule formulation of valproate. Acta Psychiat. Scand. 125, e14–e18

53 Zlotkin, S. et al. (2003) Use of microencapsulated iron (II) fumarate sprinkles to

prevent recurrence of anaemia in infants and young children at high risk. Bull.

World Health Organ. 81, 108–115

54 Fukui-Soubou, M. et al. (2011) Efficacy, safety, and palatability of RACTAB((R))

formulation amlodipine orally disintegrating tablets. Drugs Res. Dev. 11, 327–336

55 Munck, A. et al. (2009) Pancreatic enzyme replacement therapy for young cystic

fibrosis patients. J. Cyst. Fibros 8, 14–18

56 Koh, N. et al. (2008) Improvement in medication compliance and glycemic control

with voglibose oral disintegrating tablet. Tohoku J. Exp. Med. 216, 249–257

57 Babbitt, R.L. et al. (1991) Teaching developmentally disabled children with

chronic illness to swallow prescribed capsules. J. Dev. Behav. Pediatr. 12, 229–235

58 Bailey, R.T., Jr et al. (1987) Factors influencing the transit of a gelatin capsule in the

esophagus. Drug Intell. Clin. Pharm. 21, 282–285

59 Beck, M.H. et al. (2005) Teaching children with attention deficit hyperactivity

disorder (ADHD) and autistic disorder (AD) how to swallow pills. Clin. Pediatr. 44,

515–526

60 Brotherman, D.P. et al. (2004) Comparison of ease of swallowing of dietary

supplement products for age-related eye disease. J. Am. Pharm. Assoc. 44, 587–593

61 Carnaby-Mann, G. and Crary, M. (2005) Pill swallowing by adults with dysphagia.

Arch. Otolaryngol. Head Neck Surg. 131, 970–975

62 Czyzewski, D. et al. (2000) Teaching and maintaining pill swallowing in HIV-

infected children. AIDS Read. 10, 88–95

63 Diamond, S. and Lavallee, D.C. (2010) Experience with a pill-swallowing

enhancement aid. Clin. Pediatr. 49, 391–393

http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0045
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0045
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0045
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0050
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0050
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0050
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0055
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0055
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0055
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0060
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0060
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0065
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0065
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0070
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0070
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0070
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0075
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0075
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0080
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0080
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0080
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0085
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0085
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0085
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0090
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0090
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0090
http://ec.europa.eu/health//sites/health/files/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
http://ec.europa.eu/health//sites/health/files/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
https://www.fda.gov/OHRMS/DOCKETS/98fr/980265gd.pdf
https://www.fda.gov/OHRMS/DOCKETS/98fr/980265gd.pdf
https://bpca.nichd.nih.gov/Pages/default.aspx
https://bpca.nichd.nih.gov/Pages/default.aspx
https://www.fda.gov/downloads/drugs/guidances/ucm193282.pdf
https://www.fda.gov/downloads/drugs/guidances/ucm193282.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003782.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003782.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/07/WC500147002.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/07/WC500147002.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2017/08/WC500232782.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2017/08/WC500232782.pdf
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0130
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0130
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0135
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0135
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0135
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0140
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0140
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0145
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0145
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0145
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0150
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0150
http://dx.doi.org/10.1016/j.ijpharm.2017.07.017
https://www.fda.gov/downloads/regulatoryinformation/guidances/ucm484345.pdf
https://www.fda.gov/downloads/regulatoryinformation/guidances/ucm484345.pdf
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0165
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0165
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0165
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0170
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0170
http://dx.doi.org/10.1016/j.ijpharm.2017.08.088
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM189544.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM189544.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM189544.pdf
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0185
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0185
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0190
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0190
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0195
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0195
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0200
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0200
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0205
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0205
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0210
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0210
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0215
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0215
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0215
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0220
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0220
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0220
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0225
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0225
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0230
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0230
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0230
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0235
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0235
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0235
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0240
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0240
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0240
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0240
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0245
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0245
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0250
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0250
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0250
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0255
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0255
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0255
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0260
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0260
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0265
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0265
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0265
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0270
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0270
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0275
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0275
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0280
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0280
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0285
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0285
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0290
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0290
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0295
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0295
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0295
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0300
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0300
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0305
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0305
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0310
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0310
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0315
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0315


Drug Discovery Today �Volume 23, Number 4 � February 2018 REVIEWS

Re
vi
ew

s
� K

EY
N
O
TE

R
EV

IE
W

64 Garvie, P.A. et al. (2007) Efficacy of a pill-swallowing training intervention to

improve antiretroviral medication adherence in pediatric patients with HIV/AIDS.

Pediatrics 119, e893–e899

65 Jacobsen, L. et al. (2015) A pilot study of the pediatric oral medications screener

(POMS). Hosp. Pediatr. 5, 586–590

66 Jagani, M. et al. (2016) Can a flavored spray (Pill Glide) help children swallow their

medicines? A pilot study. Pediatrics 138, e20160680

67 Klingmann, V. et al. (2015) Acceptability of uncoated mini-tablets in neonates �a

randomized controlled trial. J. Pediatr. 167, 893–896

68 Klingmann, V. et al. (2013) Favorable acceptance of mini-tablets compared with

syrup: a randomized controlled trial in infants and preschool children. J. Pediatr.

163, 1728–1732

69 Kluk, A. et al. (2015) Can preschool-aged children swallow several minitablets at a

time? Results from a clinical pilot study. Int. J. Pharm. 485, 1–6

70 Meltzer, E. et al. (2006) Pill swallowing ability and training in children 6 to 11 years

of age. Clin. Pediatr. 45, 725–733

71 Thomson, S.A. et al. (2009) Minitablets: new modality to deliver medicines to

preschool-aged children. Pediatrics 123, e235–238

72 El Edelbi, R. et al. (2015) In situ coating makes it easier for children to swallow and

tolerate tablets and capsules. Acta Paediatr. 104, 956–961

73 Holland, G. et al. (2011) Prevalence and symptom profiling of oropharyngeal

dysphagia in a community dwelling of an elderly population: a self-reporting

questionnaire survey. Dis. Esophagus 24, 476–480

74 Steele, C.M. et al. (1997) Mealtime difficulties in a home for the aged: not just

dysphagia. Dysphagia 12, 45–50

75 Polaha, J. et al. (2008) Parental report of medication acceptance among youth:

implications for everyday practice. South Med. J. 101, 1106–1112

76 Cohen, R. et al. (2009) Study of the acceptability of antibiotic syrups, suspensions,

and oral solutions prescribed to pediatric outpatients. Eur. J. Pediatr. 168, 851–857

77 Ahmed, N. et al. (2007) Frailty: an emerging geriatric syndrome. Am. J. Med. 120,

748–753

78 Overgaard, A.B. et al. (2001) Patients’ evaluation of shape, size and colour of solid

dosage forms. Pharm. World Sci. 23, 185–188

79 Shields, B.J. et al. (2003) Predictors of a child’s ability to use a visual analogue scale.

Child Care Health Dev. 29, 281–290

80 van Riet-Nales, D.A. et al. (2013) Acceptability of different oral formulations in

infants and preschool children. Arch. Dis. Child. 98, 725–731

81 Nahirya-Ntege, P. et al. (2012) Young HIV-infected children and their adult

caregivers prefer tablets to syrup antiretroviral medications in Africa. PLoS One 7,

e36186

82 Bernabei, R. et al. (2012) Compliance and caregiver satisfaction in Alzheimer’s

disease: results from the AXEPT study. Dement. Geriatr. Cogn. Disord. 2, 418–432

83 Sieb, J.P. et al. (2015) Caregivers’ and physicians’ attitudes to rotigotine

transdermal patch versus oral Parkinson’s disease medication: an observational

study. Curr. Med. Res. Opin. 31, 967–974

84 Matza, L.S. et al. (2013) Pediatric patient-reported outcome instruments for

research to support medical product labeling: report of the ISPOR PRO good

research practices for the assessment of children and adolescents task force. Value

Health 16, 461–479

85 ASTM. Standard Guide for Sensory Evaluation of Products by Children and Minors

(2013). Available at: https://www.astm.org/Standards/E2299.htm.

86 Ruiz, F. et al. (2017) Standardized method to assess medicines’ acceptability: focus

on paediatric population. J. Pharm. Pharmacol. 69, 406–416

87 Vallet, T. et al. (2017) Standardised evaluation of medicine acceptability in

paediatric population: reliability of a model. J. Pharm. Pharmacol. 69, 406–416

88 Kraus, D.M. et al. (2001) Effectiveness and infant acceptance of the Rx medibottle

versus the oral syringe. Pharmacotherapy 21, 416–423

89 Rodd, C. et al. (2011) Comparison of 2 vitamin D supplementation modalities in

newborns: adherence and preference. Appl. Physiol. Nutr. Metab. 36, 414–418

90 Bharmal, M. et al. (2009) Validation of an abbreviated Treatment Satisfaction

Questionnaire for Medication (TSQM-9) among patients on antihypertensive

medications. Health Qual. Life Outcomes 7, 36

91 Ruiz, M.A. et al. (2008) Development and validation of the Treatment Satisfaction

with Medicines Questionnaire (SATMED-Q). Value Health 11, 913–926
92 Arnould, B. et al. (2017) Item Reduction, Scoring, and First Validation of the

ACCEPTance by the Patients of their Treatment (ACCEPT(c)) Questionnaire.

Patient 10, 81–92

93 World Health Organisation (WHO) (2007) Promoting Safety of Medicines for

Children. Available at: http://www.who.int/medicines/publications/

essentialmedicines/Promotion_safe_med_childrens.pdf.

94 Kokki, H. et al. (2000) The feasibility of pain treatment at home after

adenoidectomy with ketoprofen tablets in small children. Paediatr. Anaesth. 10,

531–535

95 Kreeftmeijer-Vegter, A.R. et al. (2013) Development and evaluation of age-

appropriate film-coated tablets of levamisole for paediatric use (2–18 years). Expert

Opin. Drug Deliv. 10, 293–300

96 Mekmullica, J. and Pancharoen, C. (2003) Acceptability of oral typhoid vaccine in

Thai children. J. Trop. Med. Public Health 34, 334–336

97 Winch, P.J. et al. (2006) Prescription and administration of a 14-day regimen of

zinc treatment for childhood diarrhea in Mali. Am. J. Trop. Med. Hyg. 74, 880–883

98 Nasrin, D. et al. (2005) Acceptability of and adherence to dispersible zinc tablet in

the treatment of acute childhood diarrhoea. J. Health Popul. Nutr. 23, 215–221

99 Dagan, R. et al. (1994) Variation in acceptance of common oral antibiotic

suspensions. Pediatr. Infect. Dis. J. 13, 686–689

100 Mulla, H. et al. (2016) ‘Acceptability’ of a new oral suspension formulation of

mercaptopurine in children with acute lymphoblastic leukaemia. J. Oncol. Pharm.

Pract. 22, 387–395

101 Strehle, E.M. et al. (2010) Evaluation of the acceptability of a new oral vitamin K

prophylaxis for breastfed infants. Int. J. Pediatr. 99, 379–383

102 Sepponen, K. et al. (2002) Antibiotic treatment of children with respiratory

infections �a survey of Finnish parents. J. Soc. Adm. Pharm. 19, 65–71

103 Phillips, S.C. et al. (1992) Greater ease of swallowing of a new film-coated 800-mg

dispersible acyclovir (Zovirax1) tablet compared to the standard 800-mg tablet in

elderly volunteers. Int. J. Med. Pharm. 2, 259–262

104 Perkins, A. et al. (1994) Impaired oesophageal transit of capsule versus tablet

formulations in the elderly. Gut 35, 1363–1367

105 Nausieda, P.A. et al. (2005) A multicenter, open-label, sequential study

comparingpreferences for carbidopa-levodopa orally disintegrating tablets and

conventional tablets in subjects with Parkinson’s disease. Clin. Ther. 27, 58–63

106 Spomer, N. et al. (2012) Acceptance of uncoated mini-tablets in young children:

results from a prospective exploratory cross-over study. Arch. Dis. Child. 97, 283–286

107 Kekitiinwa, A. et al. (2016) Acceptability of lopinavir/r pellets (minitabs), tablets

and syrups in HIV-infected children. Antivir. Ther. 21, 579–585

108 den Uyl, D. et al. (2010) Patient preference and acceptability of calcium plus

vitamin D3 supplementation: a randomised, open, cross-over trial. Clin.

Rheumatol. 29, 465–472

109 Valovirta, E. and Scadding, G. (2009) Parental attitudes toward new dosage forms

of desloratadine in an online survey: results from four European countries. Curr.

Med. Res. Opin. 25, 2061–2067

110 Patchell, C. et al. (2002) Creon1 10000 MinimicrospheresTM vs. Creon1 8000

microspheres—an open randomised crossover preference study. J. Cyst. Fibros 1,

287–291

111 Ranmal, S.R. et al. (2016) Age-appropriate and acceptable paediatric dosage forms:

insights into end-user perceptions, preferences and practices from the Children’s

Acceptability of Oral Formulations (CALF) Study. Int. J. Pharm. 514, 296–307

112 Weinberg, E.G. and Naya, I. (2000) Treatment preferences of adolescent patients

with asthma. Pediatr. Allergy Immunol. 11, 49–55

113 Bukstein, D.A. et al. (2003) Evaluation of parental preference for the treatment of

asthmatic children aged 6 to 11 years with oral montelukast or inhaled cromolyn:

a randomized, open-label, crossover study. J. Asthma 40, 475–485

114 Tuggey, J. et al. (1999) Choice of add-on therapy in asthma-another inhaler or a

tablet/syrup? A survey of 1300 UK asthmatics. Prim. Care Respir. J. 10, 27–30

115 Lloyd, A. et al. (2011) Methylphenidate delivery mechanisms for the treatment of

children with attention deficit hyperactivity disorder: heterogeneity in parent

preferences. Int. J. Technol. Assess. Health Care 27, 215–223

116 Lai, T.H. et al. (2016) Real-world evaluation of compliance and preference in

Alzheimer’s disease treatment: an observational study in Taiwan. Patient Prefer

Adherence 10, 383–390
www.drugdiscoverytoday.com 847

http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0320
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0320
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0320
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0325
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0325
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0330
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0330
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0335
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0335
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0340
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0340
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0340
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0345
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0345
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0350
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0350
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0355
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0355
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0360
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0360
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0365
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0365
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0365
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0370
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0370
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0375
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0375
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0380
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0380
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0385
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0385
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0390
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0390
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0395
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0395
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0400
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0400
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0405
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0405
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0405
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0410
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0410
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0415
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0415
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0415
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0420
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0420
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0420
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0420
https://www.astm.org/Standards/E2299.htm
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0430
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0430
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0435
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0435
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0440
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0440
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0445
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0445
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0450
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0450
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0450
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0455
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0455
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0460
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0460
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0460
http://www.who.int/medicines/publications/essentialmedicines/Promotion_safe_med_childrens.pdf
http://www.who.int/medicines/publications/essentialmedicines/Promotion_safe_med_childrens.pdf
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0470
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0470
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0470
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0475
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0475
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0475
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0480
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0480
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0485
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0485
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0490
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0490
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0495
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0495
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0500
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0500
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0500
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0505
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0505
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0510
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0510
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0515
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0515
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0515
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0520
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0520
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0525
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0525
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0525
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0530
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0530
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0535
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0535
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0540
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0540
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0540
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0545
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0545
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0545
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0550
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0550
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0550
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0555
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0555
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0555
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0560
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0560
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0565
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0565
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0565
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0570
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0570
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0575
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0575
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0575
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0580
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0580
http://refhub.elsevier.com/S1359-6446(17)30477-4/sbref0580

	UHRA full text deposit cover sheet pub version TEMPLATE.pdf
	1-s2.0-S1359644617304774-main.pdf
	Methodologies for assessing the acceptability of oral formulations among children and older adults: a systematic review
	Introduction
	Methods
	Search strategy
	Selection criteria
	Data extraction

	Results
	Discussion
	Study types and settings
	Participant characteristics
	Study methods and tools
	Acceptability definitions and criteria
	Limitations of the study

	Concluding remarks
	References



