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ABSTRACT
Objective The understanding of acceptability of 
existing dosage forms is limited in most of the world and 
hinders the development of acceptable, age-appropriate 
medicines. The attributes of paediatric medicine 
acceptability may differ from country to country based 
on culture, healthcare infrastructure and health policies. 
This study was designed to map the acceptability of oral 
medicines in paediatric patients treated in hospital in 
India.
Methods An observational, cross- sectional study was 
conducted in patients aged below 18 years and taking 
any form of oral medication. Acceptability scores were 
obtained using CAST–ClinSearch Acceptability Score Test 
tool.
Findings 490 patients were recruited and 193 
evaluations of different pharmaceutical products 
available in 20 dosage forms and 7 routes of 
administration were studied. Oral liquids (50%) and 
tablets (35%) were the most commonly prescribed and 
administered forms. Regardless of the therapeutic class 
and age, the oral liquids were ’positively accepted’ in 
infants and toddlers. Acceptability of tablets improved 
with age and appeared to be generally good from the 
age of 6.
Conclusion This study indicates the limited progress 
towards adoption of age- appropriate dosage forms in 
India and thus impact on the acceptability of existing 
oral dosage forms. The key challenges posed by the 
adoption of age- appropriate formulations in India are (1) 
awareness of importance of appropriate administration 
and acceptability of medicines to children in India, (2) 
availability of age- appropriate dosage forms and (3) lack 
of child- appropriate medicine policies.

INTRODUCTION
Improving the understanding of the acceptability 
of different dosage forms for children is currently 
an area of high interest, to help address the global 
issue of lack of age- appropriate medicines for chil-
dren and widespread off- label/unlicensed medicines 
use in paediatric population.1 2 A lack of sufficient 
consistent evidence required to make an informed 
decision on acceptability and preference of dosage 
forms in different age groups hinders the develop-
ment of acceptable, age- appropriate medicines.3 
Most of the acceptability studies published are 
conducted in Europe and the USA.4–7 However, 
the attributes of acceptability that are important 
to this cohort may differ from country to country 
based on culture, healthcare infrastructure and 
health policies. Hence, it is important to gauge the 

factors that may hinder the acceptability of dosage 
forms in children in different countries. WHO also 
have highlighted the need for the methodological 
research on assessing the acceptability and that the 
economic and cultural context in which children 
live and ease of administration in both hospital and 
home care setting should be taken into consider-
ation in the development of appropriate formula-
tions for children.8 This observational study was 
conducted in a hospital in India to investigate the 
acceptability of dosage forms in the local paediatric 
population.

METHODS
Study design and setting
This prospective, cross- sectional, observational 
study was carried out in the outpatient depart-
ment of a tertiary care hospital in Pune, India. The 

What is already known on this topic?

 ⇒ The development of acceptable dosage forms 
for children in low- to- middle- income countries 
(LMICs) is one of the priorities of WHO to 
address childhood morbidity and mortality 
issues.

 ⇒ Children and adults differ in many aspects from 
the other age subsets of the population and 
require particular considerations in medication 
acceptability.

 ⇒ Selecting an appropriate adapted dosage form 
for children permits healthcare professionals 
to improve acceptability. However, the 
understanding of acceptability is still relatively 
nascent in LMICs.

What this study adds?

 ⇒ The study helped to understand the real- time 
scenarios of formulations acceptability in 
paediatric population in the hospital setting in 
India.

 ⇒ Liquid formulations are most commonly 
prescribed and acceptable to the overall age 
groups; however, their shortcomings make it a 
suboptimal dosage form for children.

 ⇒ Tablets are acceptable to children over 5 years; 
however, the administration was often not 
supported with proper instructions and followed 
inappropriate manipulation practice.
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observed participants in the study were parents, carers, health-
care professionals and paediatric patients aged 0–15 years.

Participants and recruitment
The participants were included without any randomisation in 
the study as per the inclusion/exclusion criteria and study meth-
odology summarised in figure 1. The consent was obtained from 
the parents/carers, and children of 8 years and above, while 
assent was obtained from children under 8 years.

Data collection
The medicine acceptability was evaluated using a validated 
methodology, ClinSearch Acceptability Score Test (CAST) 
entailing a standardised web questionnaire to collect eval-
uations of medicine intake and data analysis process to score 
acceptability.6 9–13 Each participant was interviewed by a trained 
researcher (observer) who completed the web questionnaire as 
per the parent’s/caretaker’s and patient’s response and reported 
their own observations (figure 1).

Each evaluation of one medicinal product taken or used by 
one patient in a specific context corresponded to a particular 
combination of an observed measure (eg, the required dose fully 
taken) for each of the nine observational variables (eg, the result 
of intake) which describe many aspects of acceptability.

Data analysis
The acceptability reference framework is based on multivar-
iate analysis mining a large set of 3130 evaluations, composed 
of those from India study herein and those collected from six 
other countries in both domestic and hospital settings since May 
2015.6 9–13

First a multiple correspondence analysis (MCA) visualised 
similarity between evaluations and the key relationships between 
the 21 observed measures into a comprehensible and low- 
dimensional Euclidean space: the 3D acceptability map. All of 
the evaluations were positioned on the map depending on their 
similarity: the most similar evaluations converged. Afterward, 
hierarchical clustering on principal components and k- means 

consolidation gathered similar evaluations. The clusters defined 
coherent positively and negatively accepted profiles materialised 
by a green and a red area on the map, respectively.

The evaluations collected in India were successively partitioned 
into subgroups of interest, according to patient age groups and 
medicine dosage forms. In each case, the subgroup of interest 
was positioned on the map at the barycentre of the selected eval-
uations. If a barycentre, along with the entire 90% confidence 
ellipsis surrounding it, belonged to the green area of the map, 
the subgroup could be classified as ‘accepted’. A minimum of 
30 evaluations are required to obtain a reliable acceptability 
score. The R packages FactoMineR14 and MissMDA15 were used 
to perform multivariate investigation and to deal with missing 
information, separately.

RESULTS
Patients and medicines
A total of 490 participants were recruited and the use of 193 
distinct pharmaceutical products were identified from the data 
collected (table 1). Antiepileptics (14%) and antibacterial (12%) 
were the commonly prescribed therapeutic subgroups of medi-
cines followed by analgesics (11%) and vitamins (10%). The oral 
liquids including syrups and oral suspensions (50%) and tablets 
(35%) were mostly prescribed and administered forms. Hence, 
the focus of this study was limited to oral liquids and tablets 
only due to the insufficient number of evaluations (n<30) for 
the other oral pharmaceutical forms (table 1).

Acceptability of commonly prescribed dosage forms as per 
age group
For all the 415 evaluations (oral liquids (n=244) and tablets 
(n=171), 64% of the patients expressed a positive reaction 
towards the acceptance of the medication. Ninety- one per cent 
took all the prescribed dose administered by the caretaker or via 
self- administration. The barycentre of 244 evaluations for oral 
liquids and 171 for tablets, along with the confidence ellipses 
surrounding them, were fully located in the green area of the 

Figure 1 Study methodology. This figure was created by Thibault Vallet, one of the coauthors of the manuscript.
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acceptability map corresponding to the ‘positively accepted’ 
profile (figure 2).

Oral liquids were well accepted regardless of the patient’s age 
(figure 3). Due to a very small number of evaluations (n=9), 
children aged 12 and over were not represented on the map. 
Syrups and suspensions could be classified as accepted (online 
supplemental figure 1). Seventy- two per cent of the 69 liquid 

products included information on the flavour or sweetener 
while for 27% no information was available on the inclusion 
of flavour or sweetener but cannot be concluded they did not 
contain flavour or sweetener. The flavour used were mixed fruit, 
menthol, strawberry, pineapple and raspberry.

Tablets could be classified as ‘positively accepted’ in chil-
dren aged 6 and over. For children aged 3 to 5 years, a 

Table 1 Patient and medicine characteristics

Characteristics
All patients
(n=490)

Patients stratified by age (years)

0–2
(n=176)

3–5
(n=89)

6–11
(n=130)

12–15
(n=94)

Sex of patients

  Female 172 (35)* 66 (38) 40 (45) 44 (34) 22 (23)

  Male 316 (65) 110 (62) 49 (55) 85 (66) 72 (77)

  Missing data 2 1

Route of administration of medicines

  Oral 449 (92) 170 (97) 81 (91) 112 (86) 85 (91)

  Other ≤5% (topical, nasal, pulmonary, parenteral, rectal, auricular) 41 (8) 6 (3) 8 (9) 18 (14) 9 (9)

Pharmaceutical dosage forms of medicines

  Syrup 191 (39) 90 (51) 45 (51) 48 (37) 8 (9)

  Tablet 171 (35) 36 (20) 25 (28) 41 (32) 69 (73)

  Oral suspension 53 (11) 26 (15) 9 (10) 16 (12) 1 (1)

  Other ≤5% (ointment, solution for nasal spray, drops for oral solution, granules, 
capsule, dispersible tablet, solution for inhalation, solution for injection, lotion, 
suspension for inhalation, suspension for spray, suppository ear solution)

75 (15) 24 (14) 10 (11) 25 (19) 16 (17)

Therapeutic subgroups of medicines†

  Antiepileptics 67 (14) 14 (8) 21 (24) 19 (15) 13 (14)

  Antibacterials 58 (12) 15 (9) 12 (13) 23 (18) 7 (7)

  Analgesics 55 (11) 23 (13) 10 (11) 16 (12) 6 (6)

  Vitamins 48 (10) 32 (18) 3 (3) 7 (5) 6 (6)

  Antivirals 28 (6) 16 (9) 9 (10) 2 (2) 1 (1)

  Other ≤5% (acid- related disorders, psycholeptics, mineral supplements, 
antidiarrheals, antianemic preparations, nasal preparations, cough and cold 
preparations, other nervous system drugs, diuretics, functional gastrointestinal 
disorders, antimycobacterials, antihistamines, antiemetics and antinauseants…)

234 (47) 76 (43) 34 (39) 63 (48) 61 (66)

*n (%): number and percentages.
†The second level of the Anatomical Therapeutic Chemical (ATC) classification system, controlled by the WHO Collaborating Centre for Drug Statistics Methodology.

Figure 2 Acceptability of liquids and tablets. This figure was created by Thibault Vallet, one of the coauthors of the manuscript.
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significant part of confidence ellipses fell within the red area 
of the acceptability map, and the barycentre of 36 evalua-
tions in children aged 0 to 2 years was also located in this 
area, indicating that tablets were not positively accepted 
in children aged 0 to 5 years (figure 4). Different methods 
were used to ease administration of tablets: (1) division of 
the required dose intake (27%); (2) use of administration 
devices that were not provided with the medication (11%); 
(iii) use of food or drink (21%) either by mixing the drug 
or taking it before or after the intake to mask the taste or 
ease swallowing. Alteration of the intended use of medic-
inal product was seen for 20% of the evaluations. All the 
negatively connoted observed measures were stated more 
frequently in the younger children aged 0 to 2 years and 
for the products that had to be administered by the carers 
(online supplemental tables 1 and 2).

DISCUSSION
This study is the first to systematically assess the acceptability of 
oral dosage forms in children in India. The available studies from 
India are focused on prescription pattern and drug use but do 
not refer to the acceptability of dosage forms.16 This reflects that 
the importance of acceptability may not be recognised in India.

The data were collected for a broad category of medicines (20 
dosage forms and 7 routes of administration) in patients up to 
15 years with distinctive diseases (47 therapeutic groups). The 
liquid forms were mostly prescribed form (55%) followed by 
tablets (35%) and hence the discussion is limited to oral liquids 
and tablets only. The majority of patients in this study were ≥6 
years (54%), for whom liquid formulations or manipulating 
existing dosage form remains to be the only option when no 
age- appropriate solid dosage form was available. Tayal et al17 

Figure 3 Acceptability of liquids depending on age. This figure was created by Thibault Vallet, one of the coauthors of the manuscript.

Figure 4 Acceptability of tablets depending on age. This figure was created by Thibault Vallet, one of the coauthors of the manuscript.
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found that some regularly prescribed medicines to children (eg, 
amoxicillin, albendazole) were in tablet form and had to be frag-
mented, despite that they were available in liquid forms in the 
state essential medicines list. Few studies have emphasised the 
need of educating doctors about prescribing liquids instead of 
prescribing tablets or capsules that need manipulation to ease 
administration in younger age groups.18 19 This reflects the 
discrepancy between the availability of the marketed paediatric 
medicines and the medicines needed in daily practice, which 
drives the prescription pattern.

Considering the liquid formulation can sometimes be the only 
available option for treatment, there is a greater need to ensure 
the acceptability of these preparations. Our study indicated that 
regardless of therapeutic area, oral liquids were well accepted 
by the children aged 0–15 years in India. This is in contrast to 
a similar study performed in Morocco.13 Oral liquids consid-
ered as a whole, either ready to use or to be reconstituted, were 
positively accepted in children aged 3 and over in Morocco 
as opposed to India, where it was accepted by all age groups 
including under 3 years. The medicine was fully or partly taken 
without almost any alteration or promise for a reward for the 
liquid forms that were acceptable. However, 41% reported divi-
sion of the dose to ease administration. The preparation steps 
such as reconstitution, dose division are risk factors for medica-
tion errors associated with liquids. The irrationality in manufac-
turing paediatric liquid dosage forms in relation to the age group 
is an issue and is highlighted by Naik et al.20 The study analysed 
paediatric antibacterial liquid formulations in India and found 
that majority of manufacturers dispensed inadequate volume 
of antibacterial drugs which was not sufficient for one course 
of therapy. This resulted into inadequate dose, wastage of drug 
(residual volume), resistance, and unnecessary social and finan-
cial burden to the patient. Furthermore, the use of devices that 
was not provided with the products (eg, household spoons, oral 
syringes, droppers) was reported by 15%. Published studies have 
highlighted that caregivers lacked proper knowledge of the use 
of appropriate devices and the administration of proper doses to 
children.21 Another issue is that liquid formulations often require 
multiple or high level of excipients to address the issues with 
stability, palatability and so on. The poor organoleptic prop-
erties are well known to negatively impact the acceptability of 
oral liquids and hence sweeteners or flavours are used.22 In this 
study, most of oral liquid products included flavour or sweet-
ener. This may have helped with the acceptability of liquids in 
children as reported in the study in Tanzania.23 The sweeteners 
such as sucrose which is predominantly used in paediatric medi-
cines and its impact on the oral health status of children need to 
be considered.24 Physiologically acceptable acids (eg, citric acid) 
can be used along with sucralose to upturn the taste- masking 
efficiency of the sweetener.25 Considering the cariogenic and 
erosive potential of sweetened and acidic medications prescribed 
to children, it is important to educate paediatricians and parents 
to ensure adequate oral clearance after each dose of medication 
to minimise the risk of erosion and dental caries in children. In 
addition, liquids often include other excipients of concern such 
as preservatives and solvents, with reports of possible toxicity 
in paediatric patients.26 27 The list of the excipients is neither 
included on the label nor in the patient information leaflet in 
India. In general, there is less awareness of the concerns of expo-
sure of excipients in paediatric patients and shortcomings of 
liquid formulations in resource- poor settings.28

The other commonly prescribed dosage forms in this study 
were tablets (35%). The tablets were prescribed for all age groups 
from 0 to 15 years. Although tablets are not considered suitable 

for children under the age of 2 years, it was seen that 20% of chil-
dren in this age group received tablets even when liquid formu-
lations were available for some drugs such as azithromycin. This 
could be due to the high cost associated with the liquid formula-
tions. For 64% of the children (0–2 years) who were prescribed 
tablets, parents had to make modifications. Splitting, crushing 
tablets and mixing with food were the most frequently reported 
methods of administration for children aged 0 to 10 years. 
Previous research looking at the acceptability of tablets in chil-
dren in the USA,5 UK29 and Europe,30 31 and Tanzania23 aligns 
closely with the findings of this study, suggesting that although 
the culture, healthcare infrastructure and health policies may be 
quite different, acceptability of tablets in children over 3 years 
and administration practices for children under 3 years were 
similar in India. It was seen that the tablets that were not meant 
to be broken or crushed such as delayed release orally disinte-
grating tablets (eg, lansoprazole) were crushed and administered 
with an oral syringe.32 This indicates that the manipulation of 
tablets by parents was not supported by instructions.

The globally designed child- appropriate formulations are still 
absent in the low- to- middle- income countries (LMICs). WHO 
now recommends that for paediatric treatment, liquid formula-
tions should be avoided when possible in favour of solid dosage 
forms and ideally if dispersible, fixed- dose combination tablets 
are available.33 These child- friendly formulations are becoming 
increasingly available for diseases like malaria and HIV in 
LMICs. However, it may take a while for these formulations to 
be available for other disease areas, becoming the first choice 
and replacing the need for liquids. Moreover, evaluations of 
alternative to liquids such as dispersible tablets and granules 
are required to effectively assess the acceptability of dosage 
forms. Also, generic formulations could vary a lot depending on 
manufacturers or countries and can have an impact on accept-
ability.34 Hence, further investigations assessing the differences 
in formulations (eg, flavour, viscosity), geographical regions and 
its impact on acceptability are required. The need to assess the 
acceptability of medicines to children has become more repre-
sented in the published literature in recent years. Although the 
evidence base is growing, most of the publications are predom-
inantly from resource- rich settings4 31 and very few from 
resource- limited countries.35 It is a relatively new topic for many 
resource- limited countries, for whom the foremost priority is 
to improve the availability and affordability of medicines for 
children. However, there is a need to educate healthcare profes-
sionals and policy decision- makers that the acceptability of medi-
cines is equally important to access of medicines. The European 
Medicines Agency (EMA) has included a section on acceptability 
in their guideline on the development of medicines for paedi-
atric use.36 Similarly, for LMICs, the integration of evaluation of 
acceptability and appropriate administration of solid oral dosage 
forms in prescription and dispensing policies may help improve 
the situation. There is a need for coalitions between actors to 
influence the development of policies and facilitate communi-
cation with communities. Hence, the Paediatric Medicines and 
Healthcare Initiative (PMHI) has been established to foster 
discussions needed to develop a road map for formulation and 
adoption of age- appropriate medicines for children in India.37

CONCLUSION
The relevant knowledge on oral medicine acceptability extracted 
from this Indian study will help raise awareness of concerns 
associated with medicine administration practices, limitations of 
currently available dosage forms and its impact on acceptability 
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in India. Importance of acceptability is still relatively new, even 
in countries with a well- established research tradition; it may 
take time for it to gain traction in countries such as India without 
this tradition. There is a need to integrate the importance of 
acceptability with appropriate administration practice in health 
policies in India. This may consequently have an impact on the 
transition to child- appropriate formulations in India.
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