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A B S T R A C T

Older adults are the main users o medicine and due to common multimorbidity they are oten conronted with a
complex medication management. This review article provides a brie overview on aspects o medication
management, i.e., maintaining a stock o the required medicine, understanding and ollowing the instructions or
use, coping with the primary and secondary packaging, as well as the preparation prior to use. However, the
main ocus is on the drug intake itsel and the review provides an overview o the current understanding o real
lie dosing conditions in older adults and geriatric patients. It elaborates the acceptability o dosage orms, in
particular solid oral dosage orms as they represent the majority o dosage orms taken by this patient population.
An improved understanding o the needs o older adults and geriatric patients, their acceptability o various
dosage orms, and the circumstances under which they manage their medications will allow or the design o
more patient-centric drug products.

1. Introduction

Over the last 100 years the global population has more than
quadrupled (Roser 2013). An additional increase o 4.4 billion to 10.9
billion people is projected or the time rame rom 2019 to the end o the
century and the largest increase is observed or Asia ollowed by Arica
(Roser 2013). This increase is mainly driven by two eects: a decline o
child mortality in every country and an increase in lie expectancy due to
improvements in health care (Roser 2013). The latter will strongly
depend on actors such as access to modern health care systems and
individual or cultural preerences or traditional medicine, and will
thereore lead to regional dierences in lie expectancy. In the devel-
oped countries, lie expectancy at the age o 65 increased by 5.7 years on
average between 1970 and 2019, and nowadays people in these coun-
tries can expect to reach an age o 84.9 years on average (OECD 2021).

Overall, the lie expectancy is around 3.3 years higher or women than
men at this age (OECD 2021). The longer lie expectancy leads to a rapid
increase in the number o older adults (+65 years o age) in the up-
coming years (Fig. 1). On top o this, the proportion o people aged 80
years and older is projected to more than double to 12.1% by 2060 (EC
2008). Despite the act that the lie expectancy increased within OECD
countries, countries being part o the Organization or Economic
Cooperation and Development, it is clear that not all extra years are
spent in good health (Fig. 1) (OECD 2021). Although only limited data
on lie expectancy are available or older adults living in non-OECD
countries, the age-related needs outlined in this paper are general in
nature and not specic to older adults living in a certain region.

As the aging o the population continues, health challenges, e.g. the
COVID-19 pandemic, infuenza, and other inectious diseases, which
disproportionately aect older adults, must be anticipated (OECD
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2021). Furthermore, with the decline in organ and body unctions, older
adults commonly suer rom multiple diseases and are thereore the
main user omedicines. Multimorbidity is dened as the presence o two
or more chronic medical conditions. A successul pharmacotherapy in
multimorbid patients can improve the quality o lie, reduce caregiver
burden, avoid hospitalization, and can thus contribute to a reduction o
the overall health care costs (Riet-Nales et al., 2022). Despite the ben-
ets o a successul pharmacotherapy, it was shown that only 50% o
people suering rom long-term illnesses use pharmaceuticals in the
prescribed manner (Asola and Hautala 2022). In order to better under-
stand the reasons or this medication non-adherence, a better under-
standing o the patient characteristics, their abilities, and impairments is
needed. Older patients deserve particular attention because they are a
very heterogeneous group. Focusing solely on their chronological age is
not helpul as some o them are healthy and physically active, others are
coping well with good quality o lie despite illness, co- or multi-
morbidity, and some o them are seriously ill, rail, and care dependent
(Roller-Wirnsberger et al., 2020). It is thereore helpul to ocus on the
biological, rather than the chronological age (EMA 2020). This is also
refected in the dierent terms, i.e., older adults and geriatric patients.
The term older adult (alternatively older people or older population)
reers to the chronological age o a person, and is used or adults 65 years
o age and older. Contrary, the term geriatric patient is used or either
older adults that need medical care or or younger individuals diagnosed
with geriatric syndromes (Carlson et al., 2015), also requiring medical
care and treatment.

On a biological level, aging is characterized by a continuous accu-
mulation o molecular and cellular damage, which over time leads to a
decrease in body unctions, an increased vulnerability, a growing risk o
disease, and ultimately death (Roller-Wirnsberger et al., 2020). There-
ore, one primary aim in the care o older patients is maintenance o
unctional capacity in order to prevent disability and railty (Roll-
er-Wirnsberger et al., 2020). With increasing age, many older adults
suer rom co- or multimorbidity and geriatric syndromes, i.e., recur-
rent alls, syncopes, railty, dementia, delirium, and incontinence
(Roller-Wirnsberger et al., 2020). Patients with multimorbidity oten
ace diculties due to ragmentation o care and associated issues in
daily prescribing practice (Roller-Wirnsberger et al., 2020). However,
the therapeutic complexity in those patients can be reduced by

developing patient-centric drug products (Stegemann et al., 2020)
including ease in medication management and improved medication
adherence.

This review thereore highlights the current knowledge with respect
to handling omedicines in the daily routine o older adults (medication
management), administration under real-lie dosing conditions (e.g.
timing o drug intake, extent o assistance), and strategies used in order
to cope with challenges during administration (e.g. dosage orm modi-
cations). Finally, it will provide an overview about the acceptability o
solid oral dosage orms, SODFs, in this patient population and identiy
existing knowledge gaps. A better understanding o patient needs will
contribute towards the design o patient-centric medicines or older
adults. However, the article will not discuss topics such as access to the
health care systems or use o traditional versus conventional medicine in
dierent regions o the world, as this goes beyond the use omedication
in older adults.

2. Medication management of older adults and geriatric patients
– a challenging task

The sae, eective, and appropriate use o prescribed medication or
a patient is dened as medication management (EMA 2020). Contrary to
the usability o medicine, the medication management takes patients’ 
entire medication regime into account. Thereore, adequate medication
management can only be achieved by addressing a variety o practical
problems, i.e., the use o multiple medications and polypharmacy,
medication recognition, switching medications, and stability (EMA
2020).

Barnett et al. showed that 65% o those being 65 years or older and
even more than 80% o those being 80 years or older are aected by
multimorbidity (Barnett et al., 2012). Hence, they are requently acing
the burden o polypharmacy implying an intake o ve or more medi-
cations a day (39% to 47.4% o people 65+ years) (Gnjidic et al., 2018).
Even hyperpolypharmacy, the intake o ten or more medications a day,
is not unusual (4.5% to 8.6% o people 65+ years) (Gnjidic et al., 2018).
The intake o multiple medications a day implies complexity in the
medication management o patients. This leads to a higher risk o pre-
scription cascades, drug-drug and drug-ood interactions, overload o
salts and/or potentially inadequate excipients, as well as to increased

Fig. 1. Population size o young, working-age, and older people in the world rom 1950 to 2100 (based on historic estimates rom 1950 to 2015 and projected to
2100 based on the United Nations medium scenario) (Roser 2013). Further, years lived without disabilities ater an age o 65 years and level o health related
limitations in people aged 65 and older are shown (NA OECD 2021).
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non-adherence (EMA 2020).
Non-adherence has been reported to occur in up to 29% o patients

(Messina et al., 2015). As a consequence o poor medication adherence,
oten caused by complex medication regimes and medication errors,
worsening o the disease, unplanned hospitalizations, adverse drug
events, increased health care costs, and a deterioration in quality o lie
may occur (Jamerson et al., 2016; Rantanen et al., 2017; Wurmbach
et al., 2022). Zed et al. report that 12% o emergency department visits
were drug-related and o those 68% were considered preventable (Zed
et al., 2008). A study conducted in care homes showed that nearly hal o
the studied administration errors were due to orgotten administration
and 21.6% were caused by wrong dosing (Barber et al., 2009). Addi-
tionally, Barat et al. demonstrated that people taking 3 or more medi-
cations, receiving prescriptions rom dierent doctors, living alone, and
showing symptoms o predementia are at particular risk o
non-adherence (Barat et al., 2001). As the necessity o medication in-
creases, the unctional abilities decrease (due to age), and coping with
complex medication management becomes more dicult (Messina
et al., 2015).

A number o dierent studies have investigated medication man-
agement in older adults and geriatric patients (Notenboom et al., 2014;
Alsaeed et al., 2016; Schenk et al., 2020). In particular, older and mul-
timorbid patients with polypharmacy overestimate their own medica-
tion management skills. They use daily routines and coping strategies
that are not in accordance with their medication plan and/or the in-
structions or use, IFU (Schenk et al., 2020). Complexity is even
increased in patients who can no longer take care o their own medi-
cation management and to whom amily caregivers provide assistance
(Alsaeed et al., 2016). With the increasing number o older adults living
alone (Supplementary Material Figure S1) (Ortiz-Ospina 2019), it gets
more important that medication management is eased and easible or
themselves. Despite the act that a number o studies have been per-
ormed in recent years in order to investigate the ease o opening blister
(Braun-Münker and Ecker 2016), the impact o dierent user in-
structions or opening bottles (Braun-Münker et al., 2020), the accept-
ability o dierent oral dosage orms (Liu et al., 2016; Belissa et al.,
2019; Vallet et al., 2020), to understand the link between the drug
product design and medication incidents (Karapinar-Çarkit et al., 2020),
and so on, scientic evidence o patient acceptability in the older pop-
ulation is still considered scarce and ragmented (EMA 2020). Thus, the
dierent steps o medication management (Fig. 2) are viewed rom the
perspective o older adults who are oten showing dierent impairments
exacerbating to independently cope with these steps.

2.1. Maintenance o medicine stock at home

The medication management starts with the prescription o one or
more drugs by one or multiple physicians. During the process o pre-
scribing, physicians have to pay attention to the pharmacological aspect
o a drug but also to the ease o administration o the individual drug
product by the patient. According to Wurmbach et al., there is a constant
risk that patients are overcharged by the management o their drug
treatment as the complexity o the latter is neglected in routine care
(Wurmbach et al., 2022). Thereore, the signicance o medication re-
views, aiming or the reduction in the number o prescribed medica-
tions, as well as assessing the possibility o alternative dosage orms to
ease medication intake, should be considered (Topinková et al., 2012;
Yetzer et al., 2015; EMA 2020). The overall goal should always be to
secure the administration o the saest and most eective medication to
the patient allowing or the maximum benet. While doing so, patients’ 
personal health priorities should serve as a guide (Hughes et al., 2016;
Wahlich et al., 2019; Eidam et al., 2022).

Ater one or more drugs are prescribed to patients, they need to order
and collect the respective drugs in order to maintain a medicine stock at
home. Not only purchasing the right drug, but also timing and arranging
the medication schedule is crucial or correct drug administration. The

timing o medications can be a challenge. Oten not only the time o the
day but also whether the medication should be taken beore, with, or
ater ood intake needs to be considered. Decreased adherence was
related to an increasing number o drugs to be taken at once, number o
daily intakes, and necessity o intake at a specic time (Mehuys et al.,
2012; Schmidt et al., 2020).

The implementation o new technologies, i.e., an integrated
advanced robotic device and telecare system to remind patients o their
medication schedule, could improve medication adherence (Rantanen
et al., 2017). In implementing such new technologies, it has to be
ensured that older adults, possibly lacking intuition towards such
technologies, are suciently trained in their use to obtain a benet
(EMA 2020). It is obvious that or these rst steps o medication man-
agement, i.e., purchasing and arranging medication schedules, the pa-
tient needs to have sucient cognitive and unctional abilities (Sino
et al., 2014). For the cognitively challenging adherence to the medica-
tion schedule, oten multi-compartment compliance aids and multi-dose
dispensing systems are used by patients. To this end, product stability is
o great importance. Pharmaceutical companies are asked to study those
open dish conditions and to provide sucient inormation to the patient
and all healthcare proessionals to ensure adequate and sae use o the
drug products. I sucient stability outside the primary packaging is not
given, other strategies such as unit dose blisters or day to day indication
on the packaging are recommended to be used (EMA 2020).

Cognitive impairments in the old patient population might not only
impact on obtaining and scheduling, but also on dealing with changes o
medication, e.g. use o a dierent generic drug. The need to contact
healthcare proessionals in case o problems with medication use or
what to do in case o deviations rom the planned medication schedule
are urther challenges or older adults (Sino et al., 2014). Loss o
mobility is impeding the process o purchasing needed drug products
(Yetzer et al., 2015).

2.2. Reading and understanding the instructions or use

When a new drug is prescribed to a patient, the IFU leafet has to be
read in order to allow or correct medicine intake. Besides cognitive
impairments, those o visual characteristics can make this step o

Fig. 2. Steps in medication management (Notenboom et al., 2014; Alsaeed
et al., 2016; Schenk et al., 2020)).
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medication management a challenging one. The leafet might be written
in too small letters impeding the process o reading and/or the written
content might be too complex to understand. A study perormed by
Nathan et al. investigated the comprehensibility and readability o in-
ormation leafets o medications being new or relled or patients aged
17 to 90 years (mean age: 49 years). The detailed results o their study
are depicted in Fig. 3. While approximately hal o the patients (49.2%)
read at least the inormation leafet or newly prescribed drugs, or
relled medication this only held true or 21.6% o the patients. The
percentage o patients 65 years and older reading the inormation leafet
was lower compared to the younger patients (63% vs. 72%). Thus, older
adults might oten give up on the IFU leafet and rely on their own use
assumptions as well as on inormation received rom health care pro-
essionals (Nathan et al., 2007). Inormation about adverse events
included in the leafet can be alarming and distressing, possibly resulting
in reducing or skipping dose intake (Notenboom et al., 2014; Schenk
et al., 2020). Dexterity issues can impede the process o getting the
leafet out o the secondary packaging, olding it up again, and putting it
back into the secondary packaging. Oten the leafet rather gets dis-
carded than being put back into the secondary packaging, making a later
reading o the instructions impossible (Schenk et al., 2020). Thus, in-
ormation leafets need to be adjusted to patients’ impairments and re-
quirements, especially to the needs o older patients.

2.3. Handling o the primary and secondary packaging

Prior to the administration o the medicine, the patient needs to
identiy the medicine or medicinal product and be able to open the
secondary as well as the primary packaging. Due to the requent pres-
ence o reduced eyesight within older adults, the identication o spe-
cic medications and their packaging can be challenging in particular
when a switch between medications is necessary. The implementation o
color coding o medication, appropriate ont size in instruction leafets
and on devices, as well as the use o visuals on packaging to enhance
intuitive use are possible strategies to overcome the hurdles o visual
impairment (Hughes et al., 2016).

Impairments concerning hand and grip strength as well as dexterity
were ound to be associated with diculties in opening secondary
packaging and container closure systems to access medication (Yetzer
et al., 2015). Older emale patients as well as those being aected by
physical restrictions, e.g. with rheumatoid arthritis, were more likely to
experience such diculties with packaging (Lorenzini et al., 2022).
Oten occurring diculties in opening secondary or primary packaging
account or tight closing o the side-fap in the carton box or that the
side-fap is not adapted to the right-hand user patterns. The blister
design might lead to diculties by having the cavities too close together

or exhibiting too small cavities. Additionally, the back-oil might be o
too high tensile strength or be liable to crumble and this might lead to
tablets retaining in the blister or to loss o tablets as they are e.g. alling
on the ground (Schenk et al., 2020). Patients show dierent strategies to
cope with the above mentioned diculties. They might stop the medi-
cation intake, get rustrated which might bring along non-adherence, or
ask others to open the container and leave it open (Notenboom et al.,
2014). The latter needs to be accounted or in drug product development
by providing a sucient stability o the product not being stored as
intended in the original packaging (EMA 2020).

2.4. Preparation prior use

Wurmbach et al. showed that the use o inhalers, splitting o tablets,
and liquid oral dosage orms should be considered relevant complexity
actors (Wurmbach et al., 2022). To assess the abilities o older adults to
deal with medications, the Drug Regimen Unassisted Grading Scale,
DRUG, was developed. This tool ocuses on our assignments: identi-
cation o a medication, access to the package, selection o the correct
dose, and timing o the dosing (Edelberg et al., 1999). It allows the
identication o the tasks that are especially dicult or certain patients.
A study by Kripalani et al., which utilized the DRUG tool, showed that
46% o study participants aged ≥65 years were unable to identiy all
medications. Problems with drug identication aected not only people
with visual impairments, but also those with cognitive impairment
(Kripalani et al., 2006).

Dose adjustment o solid and liquid medications can be a hurdle
older adults and geriatric patients may experience prior to medication
use. The most common problems in tablet splitting are diculties in
breaking the tablet, obtaining unequal parts, and loss o mass (Santen
et al., 2002). A study by Rodenhuis et al. investigated patients experi-
ence with dividing tablets (Rodenhuis et al., 2004). The majority o
negative evaluations were obtained rom study participants aged 60 – 
75 years. The most common complaints were: unequal halves, crumbs,
and diculties to break. Breaking a tablet was urther seen as a chal-
lenge or study participants aged 65 - 99 years (mean age: 81.8 ± 6.2
years) in a study by Atkin et al. In this study, 72.5% and 64.3% o
participants were unable to break any tablet or their own tablets,
respectively (Atkin et al., 1994). Regarding liquid medications, there are
several challenges or older adults. Dierent dosing devices or liquid
preparations were investigated by Ryu and Lee (Ryu and Lee 2012).
Despite the act that the study was perormed among people younger
than 65 years o age, it showed that inaccurate dosing appeared, when
dosing was perormed with the dosing spoon, the regular dosing cup,
and the printed dosing cup. Furthermore, Pelletier et al. compared the
usage o a teaspoon and cup to deliver the liquid to patients with

Fig. 3. Detailed results o the study: Patients’ Use and Perception o Medication Inormation Leafets (Nathan et al., 2007).
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dysphagia. A teaspoon caused less aspiration than a cup and seemed to
be saer (Pelletier and Lawless 2003).

2.5. Drug intake

Drug intake via the oral route o administration seems to be a simple
process that does not require any special abilities. However, a number o
studies showed that problems occur when taking medications orally,
i.e., placing a drug orm in the mouth, swallowing diculties, sticking o
the medication in the mouth or throat, and unpleasant taste and/or odor
o the medication. Detailed inormation about swallowability o dosage
orms and swallowing diculties will be provided in Section 4.3.
Placing a drug in the mouth requires strength o the tongue, which with
advanced age and especially among dysphagic patients is reduced
(Perrie et al., 2012). The medicine might stick to the mouth or throat as
reported by about 29% o participants being 70 years or older in a study
by Notenboom et al. (Notenboom et al., 2014). Another study showed
that 79.4% o participants with swallowing diculties (mean age about
62 years) experienced lodging o the medicine in the throat (Schiele
et al., 2013). For liquid ormulations it is oten the unpleasant taste o
the medicine that prevents patients rom taking it. 17% o participants
reported an unpleasant taste o the medication as a problem in a study
by Notenboom et al. (Notenboom et al., 2014). Liquid oral ormulations
that contain a favoring agent were better accepted by older patients,
especially by women, contrary to the ormulations without a favoring
agent (Belissa et al., 2019). It indicates the need to ocus on the palat-
ability o liquid oral ormulations or older adults in order to enhance
patients’ adherence (Muramatsu et al., 2010).

The setting in which older adults live among others determines the
extent o help they are oered with their medication (sel-)management
(Wahlich et al., 2019). The extent o needed help is likely to be associ-
ated with age-related changes such as cognitive unction, presence o
medical conditions and related medications, as well as activities o daily
living (Jamerson et al., 2016). It is important that all parties do their best
to support the patient in the process o medication management. I
support is needed rom dierent parties, the communication between
those dierent parties as well as the communication with the aected
patient is o paramount importance (Page et al., 2016). The necessity o
communication between the dierent parties gets even more pro-
nounced in case o the transition o older adults rom one setting to
another, e.g. rom their home to a nursing home. These transitions oten
come along with a change in responsibilities within the process o
medication management (Stegemann et al., 2012).

3. Intake conditions – real-life or extreme-case scenario?

The behavior o a drug in the gastrointestinal tract, GIT, is infuenced
by the dosing conditions, e.g. the fuid and ood intake o the person, the
drug intake in relation to the ood intake, and potential dosage orm
modications.

3.1. Clinical trial conditions

During the clinical development o a new oral medication, a number
o dierent clinical studies need to be perormed. In order to assess the
saety o the molecule and its pharmacokinetic prole, the dosing con-
ditions in the initial phase 1 clinical studies are well dened and dosing
oten occurs ater an overnight asting. Later on, the bioavailability o
the drug, with or without ood, is tested in a ood eect study using
standardized conditions (Table 1) as presented by the U.S. Food and
Drug Administration, FDA (FDA 2002).

However, it is generally known that those standardized conditions
present an extreme-case scenario allowing to investigate medicines
under conditions that aect the gastrointestinal physiology and drug
absorption to the greatest extent (FDA 2002; Wagner et al., 2012).

3.2. Real-lie dosing conditions

In contrast to the highly standardized dosing conditions in ood eect
studies, real-lie dosing conditions are highly variable (Fig. 4). In addi-
tion, these real-lie conditions may also dier rom the intended intake
conditions. These dierences lead to increased variability in the phar-
macokinetics o the drug and may aect the ecacy and/or saety o the
drug.

Table 1
U.S. Food and Drug Administration procedure, ood eect study (FDA 2002).

Fasted state Fed state

Overnight asting time at least 10 h at least 10 h
Type o meal – high-caloric (800 – 1000 kcal),

high-at meal:
• two eggs ried in butter
• two strips o bacon
• two slices o toast with butter
• our ounces o hash brown
potatoes
• eight ounces o whole milk

Meal ingestion time – 30 min beore medicine
administration, should be eaten in
max. 30 min.

Type and amount o fuid co-
administered with
medicine

240 mL
water

240 mL water

No fuid beore and ater
ingestion o medicine
(time)

1 h beore
and 1 h ater

1 h beore and 1 h ater

No ood ater ingestion o
medicine (time)

at least 4h at least 4h

Fig. 4. Comparison o the FDA standardized breakast as described by U.S.
Food and Drug Administration (FDA 2002) and people’s presumed breakast
(Yazio 2022).
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3.2.1. Volume and type o uid co-administered with medications
While FDA guidelines or ood eect studies require the ingestion o

240 mL o water with the drug product (FDA 2002), the European
Medicine Agency, EMA, recommends the intake o at least 150 mL o
water or bioequivalence studies (EMA 2010). A number o studies
demonstrated that the volume o water co-administered with a drug
infuences the drug behavior in the GIT. The ingested fuid denes the
volume being available or medication’s dissolution. The volume and
caloric content o the ingested fuid determines gastric emptying time.
Thus, it is especially important or poorly water-soluble compounds
(Koziolek et al., 2019). Nader et al. demonstrated that a larger volume o
water (50 vs. 250 mL) co-administered with niedipine IR lowered the
variability in Cmax (Nader et al., 2016). Similarly, Sunesen et al. showed
an increased absolute bioavailability o danazol i taken with a large
volume o fuid (200 vs. 1000 mL) (Sunesen et al., 2005). Matsumoto
et al. ound a higher absorption o ceteram-pivoxil i co-administered
with a larger volume o water (30 vs. 150 mL). However, or the pro-
drug cetizoxime alapivoxil (AS-924) no eect o the water volume was
observed (Matsumoto et al., 2001). Similarly, the amount o water (30
vs. 240 mL) did not aect digoxin absorption (Bustrack et al., 1984).

The amount o fuid co-administered with the medication is urther
important in respect to drug-induced esophageal disorders, e.g. or an-
tibiotics such as doxycycline and tetracycline, potassium chloride,
alendronate, or non-steroidal anti-infammatory drugs (Jaspersen 2000;
Organon 2015). The more fuid is taken with medication, the lower the
risk o dosage orm’s adhesion to the esophagus during transit. Thus,
some authors recommend to take medications possibly causing
drug-induced esophageal disorders with at least 100 mL o fuid (Jas-
persen 2000). In addition, people encountering swallowing diculties
may use more fuid in order to ease swallowing o SODFs (Schiele et al.,
2013).

Patient education should include the importance o the amount o
fuid co-administered with medication as studies reported about
dierent amounts o fuid being used in real lie. In one study, 64% o
patients (mean 55 years (15–83)) were using 101 – 150 mL (Fuchs
2009), which is in line with a recommendation to use at least 100 mL o
water (Jaspersen 2000). In another study by Hens et al. (Hens et al.,
2017), the majority o adult participants (16 years and older) swallowed
their medication with hal a glass o water, second most oten they only
used one sip, and least oten they drank a ull glass o water (240 mL).
When taking bisphosphonates, in which case the importance o water
intake is clearly emphasized in the IFU, more people used a ull glass o
water rather than only hal o a glass (Hens et al., 2017). Interestingly,
some patients enrolled in the study swallowed their medication without
any fuid (Hens et al., 2017).

Not only the amount, but also the type o fuid may aect drug ab-
sorption. Despite the general recommendation to administer oral med-
ications with water, patients sometimes use tea, coee, soda, ruit juices,
or even alcoholic beverages, e.g. whiskey (Hens et al., 2017; Haighton
et al., 2018). Several studies showed that co-administered fuids may
enhance or reduce the bioavailability o the active pharmaceutical
ingredient, API. Graperuit juice has been ound to increase the
bioavailability o sildenal and to delay its absorption. This might be
due to a delay in gastric emptying or an alteration in gastric pH value
(Jetter et al., 2002). Green tea decreased the plasma concentration o
nadolol probably due to inhibition o OATP1A2-mediated intestinal
absorption (Misaka et al., 2014) and milk reduces the absorption o
levothyroxine likely due to an intererence o calcium with the drug
absorption (Chon et al., 2018). A recent study (Abeele et al., 2017)
showed that sparkling water might accelerate and lower the variability
o paracetamol absorption.

3.2.2. Food intake and its inuence on drug absorption
As ood products are complex mixtures o various constituents, ood-

drug-interactions may appear and aect drug absorption. Additionally,
the ood itsel alters the GIT conditions (Welling 1996; Koziolek et al.,

2019; Vinarov et al., 2021).
In general, ood may change the bioavailability o an orally admin-

istered drug by delaying gastric emptying, stimulating bile fow, altering
the pH in the GIT, increasing splanchnic blood fow, changing luminal
metabolism o a drug substance, or by physical or chemical interactions
with a drug (FDA 2002). Drugs showing a negative ood eect include e.
g. alendronate (Porras et al., 1999) and urosemide (Beermann and
Midskov 1986). Intake o these drugs with ood reduces its bioavail-
ability possibly resulting in ineective pharmacotherapy. Thus, these
types o drugs should be taken in asted state. For alendronate, it is
particularly important to rerain rom eating or at least 30 minutes ater
taking the drug (Organon 2015). A positive ood eect is seen or da-
nazol (Sunesen et al., 2005) as ood intake enhances its bioavailability.
Thus, danazol is recommended to be administered during or directly
ater ood intake. An undesired outcome o a positive ood eect was
reported or ampridine as the Cmax was increased when taken with ood,
which was related to adverse reactions (Biogen 2011). No ood eect
was seen or ozanimod. Neither a low-at meal nor a high-at meal
infuenced ozanimod’s systemic exposure (Tran et al., 2018). Drugs
showing no ood eect may be taken regardless o ood intake.

As an alternative to ood eect studies in humans, attempts are being
made to predict ood eects through biorelevant in vitro dissolution tests
(Havenaar et al., 2013; Martir et al., 2020b). In recent years, in silico
tools have gained increasing importance and are used as additional tool
to predict ood eects on pharmacokinetics (Kueper et al., 2016). The
models can be adjusted to special patient populations (Cheng and Wong
2020; Riedmaier et al., 2020).

3.2.3. Food vehicles
The usage o ood vehicles or medication administration is another

aspect o drug intake with ood. Food vehicles are especially common
among pediatric and geriatric patients. Medications can be added to or
sprinkled on ood, e.g. applesauce or mashed potatoes, either directly or
ater dosage ormmodication, i.e., crushing tablets or opening capsules
(see Section 3.3). Only limited inormation about drug intake with ood
among older adults is available in literature. However, some studies
addressed the medication administration with ood in hospitals,
including hiding o medication in ood and beverages (Kirkevold and
Engedal 2005; Haw and Stubbs 2010). Covert drug administration is
oten applied in nursing homes and hospitals in case o mental impair-
ments, non-adherence, and swallowing diculties. Commonly used
ood vehicles or medication administration in hospitals are: jam,
squash, high protein nutritional supplements, cooked meals, water,
compote, enriched cream, honey, thickened fuid, juice, custard, or
yogurt (Nissen et al., 2009; Haw and Stubbs 2010).

Martir et al. investigated the impact o requently used ood vehicles
in pediatric patients or treatment with montelukast sodium and mesa-
lazine. Food vehicles, i.e., ormula, milk, yogurt, juice, Coca-Cola,
squash, apple sauce, honey, and jam, altered the solubility o the
tested drugs and thus might impact their bioavailability. The interaction
between medication and ood vehicles depends on the physicochemical
properties, e.g. pH value, surace tension, buer capacity, osmolality,
and viscosity, and/or macronutrient composition o the vehicle, as well
as on solubility o the drug (Martir et al., 2020a). Thus, the appropri-
ateness o the used ood vehicles is crucial or drug administration (FDA
2002). Dissolution tests including ood vehicles, that are commonly used
in pediatrics, are utilized to characterize the infuence o the ood ve-
hicles on drug solubility (Martir et al., 2020b; Freerks et al., 2022).
Application o similar approaches might advance drug development
targeted to the geriatric patient population.

3.2.4. Drug intake in relation to ood – timing o drug intake
Appropriate timing o dosing in relation to ood intake is crucial or

drug eectiveness as well as in respect to side eects. In the ollowing
paragraph, we illustrate these cases with a couple o examples. Only i
clodronate is taken at least 30minutes beore breakast or during the day
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with at least our hours prior asting time, proper bioavailability is
reached (Laitinen et al., 2000). Semaglutide should also be taken 30
minutes prior to breakast and no ood intake should take place within
the ollowing 30 minutes (NA Novo 2022). For a proper absorption o
risedronate, it has to be taken rst thing in the morning. I this is not the
case, it can be taken during the day with an at least two hours long
preceding asting period (NHS 2022a). Tamsulosin is another drug that
should be taken in the morning, as highest drug levels within the body
are reached ater six hours. However, it is a drug that should be taken
ater breakast or the rst meal o the day (NHS 2023). In order to avoid
or reduce side eects, some drugs should be taken together or ater ood
intake, i.e., metormin (NHS 2022b) and betamethasone (NHS 2022c).

3.2.5. Nutritional practice in older adults
Dierent physiological and anatomical changes in older adults aect

eating habits, i.e., loss o teeth, xerostomia, dysphagia, diminished
appetite and thirst sensation, as well as changes in taste and smell
perception (Rémond et al., 2015). Based on alterations appearing in
humans due to aging, the nutritional practice o older adults changes
and may infuence drug absorption. Those changes include limited fuid
intake, decreased ood consumption, extended intake o ber products,
use o thickening agents, and a monotonous diet (Stillhart et al., 2020).
Furthermore, the diet may be modied i the patient suers rom chronic
diseases such as diabetes, obesity, or hypertension.

3.3. Dosage orm modifcations – potentially harmul simplifcations?

Drug manipulation means physical alteration o a dosage orm to
derive the required dose or to ease administration (Richey et al., 2012).
Modications o SODFs are most commonly perormed in case o swal-
lowing diculties with the respective dosage orm or i other
psycho-behavioral problems are present (Strachan and Greener 2005;
Bourdenet et al., 2015). The most requent modications observed
among patients include: splitting tablets, opening capsules, mixing with
ood, crushing, dissolving in water, or chewing (Haw and Stubbs 2010;
Vallet et al., 2020). In addition to the patients, caregivers perorm
dosage orm modications. They most oten crush and divide medicines,
mix modied medicines with ood, i.e., jam or yogurt, or mix them
together (Nissen et al., 2009; Bourdenet et al., 2015; Fodil et al., 2017;
Solberg et al., 2021). Studies showed that dosage orm modications
were carried out or up to 32% o residents in institutionalized geriatric
units and 25.5% o SODFs administered to older mentally ill patients in a
psychiatric hospital were modied. In both cases, around 40% o the
dosage orm modications were not authorized (Stubbs et al., 2007;
Carvajal et al., 2016) and thereore these modications are oten
considered as o-label use which implies a transer in responsibility to
the person perorming the modication (Wahlich et al., 2019). Bour-
denet et al. ound an increased prevalence o dosage orm modications
within nursing homes and long-term care units. The lower autonomy
and the high prevalence o swallowing diculties o the residents might
be a reason or this observation (Bourdenet et al., 2015). Quinzler et al.
reported that nearly one quarter o tablets within primary care in Ger-
many were split. 8.7% o these split tablets did not have any break-mark
and in 3.8% o the cases tablets were actually not allowed to be split
(Quinzler et al., 2006).

Kirkevold and Engedal (Kirkevold and Engedal 2005) investigated
the use o concealment o drugs in ood and beverages in nursing homes.
They showed that oten drugs such as antiepileptics, antipsychotic, and
anxiolytics were covertly administered to patients suering rom de-
mentia, aggression, and to those having a reduced ability to perorm
daily activities. Among ward characteristics, the authors reported about
a reduced risk or drugs ro be given covertly in teaching nursing homes
or in wards with a high sta-to-patient ratio (Kirkevold and Engedal,
2005). Thus, time constraints due to manpower shortage, avoidance o
long discussions with reusing patients, and lack o knowledge might
explain the requent occurrence o dosage orm modications within

nursing homes and hospitals.
Dosage orm modications aect the saety and ecacy o medica-

tion administration, possibly increase the risk or side-eects, and can
lead to a contamination o the caregiver (Bourdenet et al., 2015; For-
ough et al., 2020). This is particularly important i physical barriers o
drugs containing highly active APIs are destroyed during the dosage
orm modication. Allergenic, carcinogenic, or teratogenic drug char-
acteristics can lead to toxic and hazardous exposure o caregivers. The
extent o potentially hazardous exposure can be decreased by using
protective equipment, i.e., gloves, masks, special tools, or by perorming
the modications in a protective environment such as an insulator
(Fodil et al., 2017).

Dosage orm modications can also be critical i ormulation’s taste
masking barrier gets destroyed and consequently the risk or non-
adherence o the patient is increased (Kelly et al., 2008; Gill et al.,
2012). Bisoprolol, donepezil, fuoxetine, and mirtazapine are APIs
proting rom a taste-masking ormulation (Fodil et al., 2017). For
modied release ormulations intended to show extended release or to
release the drug only within the intestine due to gastro-resistant coating,
dosage orm modications can be critical (Gill et al., 2012; Carvajal
et al., 2016). By destroying coatings or matrices as well as by enlarging
the surace area through modications, drugs’ bioavailability might be
altered potentially resulting in adverse drug events (Cleary et al., 1999;
Schier et al., 2003; Cornish 2005; Paparella 2010). For drugs with a
narrow therapeutic index, an altered bioavailability depending on the
state o the dosage orm is especially important to be considered
(Yamamoto 2003; EMA 2020).

An incomplete intake due to spillage, imprecise splitting o dosage
orms, or imodied dosage orms are mixed with ood and this mixture
is not entirely ingested by the patient can aect dose accuracy and can
result in under- or overdosing (Gerber et al., 2008; Verrue et al., 2011;
Lau et al., 2018). Use o shared equipment or dosage ormmodications
or dierent patients, having been observed in health-care units, can
result in cross-contamination and has to be respected in terms o saety
(Forough et al., 2020).

Depending on the tools being used to perorm splitting o dosage
orms, dierences in accuracy have been reported. However, some pa-
tients might not even be able to split tablets or their intake o the correct
dose (Verrue et al., 2011; Bourdenet et al., 2015; Wurmbach et al.,
2022).

The high prevalence o dosage orm modications within older
adults highlights the necessity o alternative dosage orms to monolithic
SODFs. Those alternatives need to be studied in terms o their accept-
ability and suitability or the targeted patient population (Stegemann
et al., 2012). Further insights into the acceptability o SODFs can be
ound in Section 4.3.2.

4. Putting the patient at the centre of dosage form design

4.1. Solid oral dosage orms – widely used and accepted?

Patients’ adherence to their pharmacotherapy is an important
requirement or a successul treatment. Medicines’ acceptability plays a
key role or patients’ adherence, especially in vulnerable patients (Val-
let et al., 2018a). I patients and caregivers are able and willing to use a
medicinal product as intended by the manuacturer, this product can be
considered acceptable (EMA 2020). The acceptability is according to
EMA based on a multi-dimensional concept. It is infuenced by charac-
teristics o the medicinal product itsel as well as by its user, the patient
(Fig. 5) (EMA 2020). Product characteristics infuencing medicines’ 
acceptability are or instance the route o administration, the appear-
ance, and or SODFs swallowability is omajor importance (Brotherman
et al., 2004; EMA 2020). The aspect o SODFs’ swallowability is urther
important in terms o saety, especially or older adults (Liu et al., 2014).
Besides causing discomort and pain, SODFs can get stuck in the
esophagus and might cause severe damage to the mucosa due to
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cauterization. Any handling that might be required prior to adminis-
tration to achieve the right dose or to mix it with ood or drink needs to
be thought o when choosing an appropriate type o dosage orm or a
patient population. Further, the need and the availability or assistance
by caregivers has to be considered. In the context o polypharmacy, not
only the appropriateness o the specic medication on its own, but
rather its use in combination with any other medication needed by the
patient needs to be respected (Hughes et al., 2016; EMA 2020). Besides,
it was shown that dosage orms’ acceptability can depend on the setting.
Even i SODFs are positively accepted in patients without swallowing
diculties independent o the setting, or patients with swallowing
diculties, SODFs are only positively accepted by those being at the
hospital but not by those at a nursing home (Jani et al., 2021).

SODFs are the most prescribed medicines due to their numerous
advantages, i.e., relatively easy and inexpensive manuacturing, stabil-
ity, dose accuracy, and ease o use (Vallet et al., 2020). But despite all
these advantages, the swallowability o SODFs is a prerequisite or
adequate ecacy (Schiele et al., 2013).

When developing the intended uture commercial ormulations or
new APIs some unalterable acts are given, i.e., the ecacious dose, the
indication, and herewith the target patient group. Further, the route o
administration and the target organ are known. Right rom the begin-
ning, the target patients’ conditions as well as all medical and thera-
peutic conditions have to be put at the center o the drug product design
process. Additionally, drug characteristics such as drug prole, clinical
ecacy, and drug saety have to be respected. Combining those with
product characteristics, namely product and manuacturing re-
quirements, supply chain requisites, market access, and regulatory re-
quirements, one can build up the Quality Target Product Prole. By
building the aorementioned prole, the consequence and the area o
impact o the dierent attributes need to be assessed and the respective
attributes need to be prioritized. This approach is ollowing the pro-
posed roadmap by Stegemann et al. or a patient-centric drug product
development (Stegemann et al., 2022). By designing patient-centric
dosage orms or older adults, the high prevalence o polypharmacy
within this patient population needs to be considered. Polypharmacy
comes with a high potential or interactions between APIs. Saety issues
can additionally arise when the patient is exposed to dierent types and
amounts o pharmaceutical inactive ingredients at the same time.
Omidian et al. suggest that special attention should be paid to polymeric
excipients and their impurities as they might build up in an
ill-perorming body (Omidian et al., 2022). Further, common

co-medication within the target patient population should be respected
during the development process. For example, proton pump inhibitors
are widely used in older adults and at the same time it is known that they
are infuencing the bioavailability o multiple APIs (Ogawa and Echizen
2010; Rotman and Bishop 2013). By adjusting the ormulation compo-
sition, the eect o increased pH due to co-administered proton pump
inhibitors can be reduced. Other ormulation approaches, e.g. modied
release ormulations, avoid multiple dosing per day by decreasing the
dosing requency (Refection Paper EMA, 2020). The combination o
multiple APIs in one drug product can additionally reduce the pill
burden or patients. Thus, the choice o ormulation can impact the
dosing schedule and thereore help to simpliy medication management.

Usability or human actor studies are not required rom pharma-
ceutical companies or the approval o drug products without any type o
device. Still, the target patient group would benet i usability engi-
neering principles would be applied in the drug product design process.

To apply the patient-centric approach in drug development, unda-
mental knowledge about the target patient group and its preerences in
terms o medicines’ acceptability is needed. To test this acceptability
dierent approaches have been used in the past.

4.2. Acceptability as prerequisite or patients’ adherence – how to assess
it?

As mentioned, medicines’ acceptability is infuenced by dierent
actors resulting in many dierent approaches to test it. Even though
there exists an increasing interest in studying acceptability, no clear
limit o acceptability is given (Ranmal et al., 2018). While EMA guide-
lines are not stating a clear threshold or acceptability, one o 80% ap-
pears to be commonly used when studying patient acceptability (Ruiz
et al., 2019). It is important to explicitly distinguish between accept-
ability and preerence. Preerence only represents a relative comparison,
but it does not represent the actual acceptability o the individual
medicine (Ranmal et al., 2018). Thus, preerence studies are limited to
provide an indirect indication o patient acceptability (Walsh et al.,
2018). In general, the transerability o results o acceptability studies
has to be questioned critically as they are always strongly infuenced by
characteristics o the studied population and the study setting. Focusing
on the heterogeneous older population, this means that results o studies
including patients being in hospitals or living in nursing homes cannot
simply be extrapolated to e.g. the older home dwelling population (Ruiz
et al., 2019).

Fig. 5. Product characteristics infuencing patient acceptability in older adults according to the European Medicine Agency Refection Paper (EMA 2020).
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There exist dierent approaches to study medicines’ acceptability.
ClinSearch Acceptability Score Test, CAST, is a tool to measure medi-
cines’ acceptability (Vallet et al., 2018a). It combines multiple obser-
vational measures to an acceptability reerence ramework which can be
used to discriminate between positively and negatively accepted medi-
cines in specic sub-populations o patients (Vallet et al., 2018b). CAST
can be used to identiy individual characteristics o sub-populations and
o the product, respectively, having a positive or negative infuence on
medicines’ acceptability (Vallet et al., 2020). A limit o CAST is that only
observational measures are considered and these observations are based
on specic experiences o a patient with one single product without him
or her knowing alternatives to this specic product. CAST is urther
limited to the acceptability evaluations o already existing ormulations
or indications, as the tool always needs objects o comparison. Besides
CAST, urther attempts have been made to study medicines’ accept-
ability e.g. by using the Medicines Acceptability Questionnaire, MAQ
(Liu et al., 2016). MAQ was used by Liu et al. or the assessment o SODF
acceptability in older ambulatory patients with and without dysphagia.
In addition to the MAQ, Liu et al. used the Sydney Swallow Question-
naire, SSQ, to assess oral and pharyngeal swallowing unction. However,
the SSQ usage in this context has to be scrutinized as it ocuses on
swallowing diculties during intake o ood and might not be simply
transerable to swallowing diculties o SODFs. Using, e.g. 3D-printed
models o dierently sized and shaped dosage orms within question-
naire based studies can strengthen the results by giving the study subject
a point o reerence (Yoder 2014; Liu et al., 2016). A third method to
assess patient’s acceptability o medicines and to identiy design ea-
tures causing problems is to conduct semi-structured interviews (Note-
nboom et al., 2017; Shari et al., 2020). Semi-structured interviews are
meant to collect qualitative data. Following an underlying interview
schedule, it still allows to ask ollow up questions depending on par-
ticipants’ responses. However, participants’ convenience during the
interview, e.g. depending on the location, have to be considered in
respect to the study outcome (Shari et al., 2020).

In order to assess medicines’ acceptability in a standardized way and
thus be able to compare results o dierent studies approved procedures
are needed. On top o this, a clear denition and limits or the accept-
ability evaluation are needed.

4.3. Swallowability and handling o solid oral dosage orms – key aspects
or acceptability

There exists a larger number o studies ocusing on the broader
aspect o medicines’ acceptability, while only ewer studies specically
ocus on swallowability o SODFs. Swallowability is infuenced by many
dierent actors o the tested product as well as o the patient. As already
mentioned or acceptability, the result-transerability o swallowability
studies has to be critically scrutinized. Within swallowability studies,
the clinical term o dysphagia is oten not clearly delimited rom swal-
lowing diculties with SODFs (Kelly et al., 2010); sometimes it is even
used synonymously. This makes comparison and transer o study results
hard and sometimes even impossible. Dysphagia, being clinically diag-
nosed and most likely requiring the adaptation o ood and drink vis-
cosities to some degree, needs to be distinguished rom patients’ 
sel-reported swallowing diculties with medication. Latter is oten
not caused by physiological and/or neurological abnormalities but is
rather due to psychogenic reasons (Franko et al., 1997).

Studies mainly ocusing on swallowability o SODFs are oten o
observational and retro-perspective character. Hereby, previous expe-
riences o the study participants with their regular medicines are taken
into account (Schiele et al., 2013). Only a ew reported studies investi-
gate the swallowability o SODFs by actually asking the study partici-
pants to swallow dierent test objects and to evaluate their
swallowability (Overgaard et al., 2001; Oshima et al., 2006; Miura and
Kariyasu 2007; Homanová et al., 2019; Bogdahn et al., 2021). Even
ewer studies use objective measurements, i.e., surace

electromyography and video fuorography, instead o subjective obser-
vations to evaluate swallowability (Yamamoto et al., 2014). While
participants can subjectively evaluate the oral as well as pharyngeal
swallowability, objective measurements are needed to evaluate dosage
orms’ esophageal transit.

Besides swallowability, handling and picking o dosage orms are o
great importance or medicines’ acceptability especially when ocusing
on older adults oten aected by dexterity issues. To test the process o
picking up SODFs rom a table and putting them into the mouth, study
subjects can be asked to pick up SODFs rom a table and to put them into
a box being approximately 30 centimeters above table height mimicking
the distance to the mouth (Goyanes et al., 2017).

4.3.1. The inuence actor – older adult and geriatric patient
Swallowing diculties occur more oten with increasing age (Vallet

et al., 2020) and reasons include age-related neuromuscular decline and
reduction in masticatory strength (Liu et al., 2014). Diculties in
swallowing are oten a concomitant o several diseases, i.e., stroke,
cancer, Parkinson’s or Alzheimer’s disease (Schiele et al., 2013; Liu
et al., 2014), or can occur as a side eect o several drugs (Walsh et al.,
2018). According to literature, the prevalence o swallowing diculties
varies between the community-dwelling older population and older
adults living in nursing homes, aecting 2 - 16% o the ormer and 30 -
60% o the latter (Liu et al., 2016; Belissa et al., 2019; Vallet et al.,
2020). Even though most publications reer to a higher prevalence o
swallowing diculties with growing age, Schiele et al. report about
young women being requently aected by swallowing diculties with
SODFs (Schiele et al., 2013). These ndings might be due to the re-
striction o study participants attending the general practitioner,
excluding nursing home residents, but may also allude to the psycho-
logical impact on swallowing (Shari et al., 2020). Schiele et al.’s
ndings are supported by Andersen et al. and Homanová et al., both
reporting diculties in swallowing tablets with a high prevalence in
younger age (Andersen et al., 1995; Homanová et al., 2019). This
phenomenon can be seen as non-physiological related swallowing di-
culties (McCloskey et al., 2022). Even i many patients do not show
clinically diagnosed dysphagia, they are still aected by swallowing
diculties o SODFs. This is why one has to bear in mind phagophobia,
the impact o an aversion to swallow medicine (Shari et al., 2020;
McCloskey et al., 2022).

Within the older population swallowing diculties are oten caused
by hyposalivation (Gerdin et al., 2005; Sasegbon and Hamdy 2017). The
unstimulated as well as the stimulated saliva fow rates are reduced in
older adults compared to younger ones (Aoo et al., 2015; Vandenber-
ghe-Descamps et al., 2016). Hyposalivation is among others provoked
by physiological changes due to aging. These changes include a
decreased refex activity caused by less available olactory and taste
receptors, widening o the neuro-glandular junction, declined concen-
trations o transmitters and their activity on receptors, reduced gland
perusion with blood, as well as reduced sex steroid blood levels
(Ekström et al., 2017). In contrast to the mostly preserved unctionality
o existing salivary glands in terms o saliva volume, the composition o
excreted saliva changes with age. Mucin secretion was shown to be
changed in (sero-)mucous glands as well as the secretion o immuno-
globulin A in labial glands, while no change was observed in the
composition o parotid saliva (Ekström et al., 2017). The mucin o
xerostomia patients shows reduced sulation which might have an
impact on saliva’s lubricating properties (Xu et al., 2019). The missing
lubricating saliva eect might make swallowing SODFs more cumber-
some or older adults compared to younger ones. Besides physiological
causes, hyposalivation can urther be provoked by dehydration, several
diseases, and dierent APIs. There exists a large number o drugs
showing xerogenic potential. Among others those include antidepres-
sants, anticholinergics, antispasmodics, antihistamines, antihyperten-
sives, sedatives, and bronchodilators (Liu et al., 2012). Besides the type
omedicine being taken, the number o the latter was shown to infuence
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the prevalence o oral dryness. The prevalence o oral dryness increases
with an increasing number o used medicines (Gilbert et al., 1993;
Nederors et al., 1997).

Even within healthy older adults swallowing diculties are more
oten observed when compared to young adults. This age-related
symptom is called presbyphagia. Changes within physiological and
neural mechanisms as well as changes in head, neck, and spine anatomy,
e.g. scoliosis, related to swallowing occur due to aging (Ney et al., 2009).
It is well known that sarcopenia, a general loss o muscle mass and
strength, occurs within the process o aging. This loss o muscle mass
also applies to the tongue and consequently results in reduced tongue
pressure (Robbins et al., 1995; Ogino et al., 2021). Furthermore, the
tongue thickness was observed to be decreased within the process o
aging, possibly caused by an oten observed malnutrition within older
adults (Tamura et al., 2012). A slowdown o the oral phase and in
general a decrease in the velocity over the whole swallowing process can
be observed. Causes might be o central and peripheral nature (Nicosia
et al., 2000). A diminished upper esophageal sphincter opening in older
adults contributes to a delay in bolus transport. Muscle weakness is
causing a narrower opening o the latter (Shaw et al., 1995). As smooth
bolus passage through the pharynx and esophagus is impaired, older
adults are more prone to aspiration (Yokoyama et al., 2000). Adequate
clearance o the esophagus is not guaranteed due to an increasing
esophageal dysmotility (Britton 2016). Thus, the risk o esophageal
residues, which potentially travel retrograde into the pharynx and might
end up in the trachea, rises (Ney et al., 2009). Parkinson’s disease pa-
tients oten suer rom severe drooling. One could think that this is in
contrast to the above-mentioned oten-occurring hyposalivation in older
adults, but usually the drooling is not caused by an increased production
o saliva. It is rather caused by a reduced spontaneous swallowing rate
(48/h vs. 71/h). The reduced ability to swallow saliva can arise rom
oropharyngeal dysphagia (Warnecke et al., 2022).

Besides swallowability, an easy and acceptable handling is important
or patients’ adherence to their pharmacotherapy. As a rst step prior to
administration, the patient needs to remove the SODF rom the primary
packaging or rom any other aid such as e.g. a multi compartment
compliance aid. Classic monolithic SODFs, i.e., capsules and tablets,
need to be picked rom a container or pushed through a blister beore
administration. This can be a challenging task or older adults with

impairment in manual and nger dexterity, i their grip strength is
decreased or they suer rom a loss in nger top eel (Isaac et al., 1993;
Wilson et al., 2001; Vasylenko et al., 2018; EMA 2020). Sometimes
monolithic SODFs need to be divided to achieve the right dose strength,
which might be dicult or not possible to perorm by the older adults
and geriatric patients due to the aorementioned impairments (Santen
et al., 2002). Other SODFs, i.e., multiparticulates, orodispersible tablets,
ODTs, oral lms, or eervescent tablets, oten being reerred to as
alternative SODFs, are on the one hand benecial or older patients in
terms o swallowability but on the other hand they have their own
handling challenges. ODTs and oral lms are moisture sensitive dosage
orms and thereore need to be well sealed during storage. For the
administration the patient rst o all needs to know whether the indi-
vidual dosage orm can be pushed through the blister or whether the
sealing needs to be torn o. Secondly, the dispensation needs to be
achieved by the patient in order to administer the medicine which can
cause diculties or the old patient population (Philbert et al., 2014). In
turn, multiparticulates might be presented to the patient in stick packs,
sprinkle capsules, or as bulk in bottles. Their administration with e.g. a
dosing spoon or by sprinkling over ood might be challenging or older
patients with dexterity issues. Thus, not only the dosage orm itsel but
together with its packaging needs to be thought through during the
patient-centric drug product design process in order to be well accepted
by the target patient group (Lorenzini and Olsson 2022).

All o the above-mentioned characteristics and age-related changes
are summarized in Fig. 6. To allow or the design o patient-centric
dosage orms or the individual patient population, all o these aspects
need to be considered. Innovative solutions have to be ound and applied
to overcome the above-mentioned hurdles.

4.3.2. The inuence actor – dosage orm
The impact on medicines’ acceptability o various design aspects o

SODFs, i.e., size, shape, thickness, color, surace, taste, and density vary.
Size, shape, and surace roughness seem to be o major importance or
swallowability while or example thickness is crucial or the handling o
SODFs (Andersen et al., 1995; Notenboom et al., 2017; Shari et al.,
2020). The swallowability as one aspect o SODFs’ acceptability is
urther infuenced by manuacturing-related characteristics, i.e., disin-
tegration time and propensity or swelling (Drumond and Stegemann

Fig. 6. Development o patient-centric solid oral dosage orms - characteristics o older adults needed to be respected or the right choice o dosage orm attributes.
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2020). Color is ound to be important or the identication and memo-
rability o dierent medicines, while having minor infuence on pa-
tients’ adherence (Overgaard et al., 2001). Individual colors are
associated with dierent indications. In this context and in the one o
palatability, a strong infuence o age, sex, and ethnicity has to be
considered (Drumond and Stegemann 2020). The shape o SODFs can
positively aect the identication process and any handling that needs
to be conducted prior to administration (Shari et al., 2020). As
mentioned the aspect o size and thus weight has a strong infuence on
swallowability, but also on the handling process. A tablet weight o 300
- 450 mg was identied as a good balance between swallowability and
handling or the working age population (Yoder 2014). For old rail
Japanese patients, tablets o 7 - 8 mm are preerred in respect to swal-
lowability and handling (Miura and Kariyasu 2007). A CAST study
ocusing on SODF design specically or the older population included
938 evaluations, mostly collected in hospitals (70%) in France (81.3%).
All patients were 65 years or older and the mean age was 86 years.
Tablets were classied as accepted or older patients without swallowing
disorders while this was not always the case or those showing swal-
lowing disorders (15.6% o study population). In these patients, only
tablets with a size o <6.5 mm were considered acceptable (Vallet et al.,
2020). The size o dosage orms was described as the largest dimension
o the tablet and it varied between 4.7 - 21.54 mm. For oblong and oval
tablets, the largest dimension is represented by the length and or round
tablets by the diameter (Vallet et al., 2020). MAC was used by Liu et al.
or the assessment o SODF acceptability in older ambulatory patients
with and without dysphagia. The study showed that participants with
dysphagia estimate SODFs o larger size, 11 - 13 mm and 00-sized
capsules, as critical to swallow. While this was not the case or their
counterparts, older adults without dysphagia (Liu et al., 2016). Most
publications conclude that patients preer a round tablet shape or
smaller sized tablets. With increasing tablet size, the oval or oblong
shape is preerred (Overgaard et al., 2001; Schiele et al., 2013). How-
ever, Shari et al. describe round tablets depicting a diameter<7 mm as
least accepted with respect to swallowing and handling by older adults
(Shari et al., 2020). One has to be careul by generalizing ndings o
this study, as it is based on a limited number o interviews. Schiele et al.
report that hard and sot gelatin capsules as well as oblong tablets are
most commonly associated with swallowing diculties. Round tablets
caused the least swallowing diculties (Schiele et al., 2013). The par-
ticipants in the study o Overgaard et al. reported increasing diculties
in swallowing tablets as their size increased. But it was not shown
whether there exist signicant dierences between the younger and
older (≥65 years) study participants (Overgaard et al., 2001). There are
several studies on the infuence o size and shape o SODFs on swal-
lowability. However, it is oten not considered that dierently shaped
tablets exhibiting the same largest dimension cannot simply be
compared to each other. Schiele et al. suggest that the minimum
cross-sectional area should be considered rather than the largest
dimension o SODFs to allow smooth esophageal passage (Schiele et al.,
2013). This is explained by the rotation o tablets and capsules during
the process o deglutition to pass the esophageal sphincter with least
resistance (Schiele et al., 2013). Kabeya et al. propose to use the sum o
the major and minor axis as well as the thickness or the comparison o
dierent tablet shapes, while neglecting the ratio between these three
parameters. Tablets’ swallowability was related to this sum while it was
not related with the major axis as such. Tablets exceeding a sum
threshold o 20 – 22 mm were more dicult to swallow or adults
visiting a Japanese pharmacy (Kabeya et al., 2021). Thus, the largest
dimension o dosage orms might not be appropriate or the comparison
between tablets o dierent shapes.

Besides size and shape o the SODFs, ormulations’ density impacts
esophageal transit times and has to be considered when comparing
dierent dosage orms, i.e., tablets and capsules (Perkins et al., 1994).
The coating is another manuacturing-related aspect that can enhance
the swallowability o SODFs (Notenboom et al., 2017; Shari et al.,

2020). For dysphagic patients, coatings can show a positive eect on the
number o swallows and on the esophageal contraction orce needed
(Carnaby-Mann and Crary 2005). Coatings can have a positive eect on
transit times and decrease the risk o tablet lodging in the esophagus and
urther can decrease surace roughness (Perkins et al., 1999; Yamamoto
et al., 2014; FDA 2015; Drumond and Stegemann 2020). The mecha-
nisms behind the potentially swallowability enhancing eects depend
on the chemical properties o the used materials. An overview o un-
derlying principles behind dierent materials has been provided by
Drumond et al. in their review article (Drumond and Stegemann 2020).
Drumond et al. state a large discrepancy between the availability o
scientic articles about the evidence o swallowability enhancing coat-
ings and the large number o patents aiming to retain intellectual
property and to reduce competitiveness. Most o these patented coatings
are made o well-known polymers that have been on the market or
decades (Drumond and Stegemann 2020). One o the ew studies on the
evidence o the swallowability enhancing eect o dierent coatings was
perormed by Hommanová et al. (Homanová et al., 2019). In a ran-
domized double-blinded study, 84 adults, whereo 51%were 55 years or
older, assessed ease o swallowing and palatability using visual analogue
scales. None o the healthy study participants showed sel-reported
swallowing diculties with tablets. The our tested dosage orms were
white oblong placebo tablets being 19 × 9 × 7 mm in size. One o them
remained uncoated while the others were coated either with Opadry
white, Opadry EZ white, or Opadry EZ clear (Colorcon, USA), all being
hydroxypropyl methylcellulose, HPMC, based lm coatings (Homanová
et al., 2019). The results show that the most slippery and smooth coating
was rated as the best. While a dierentiation o the three coated tablets
in terms o ease o swallowing was not possible, they were all preerred
compared to the uncoated tablet. In addition, more time and amount o
water was needed to swallow the uncoated tablet compared to the three
coated versions. With regard to age, participants being 54 years or
younger more oten reported diculties in swallowing these tablets
compared to the study participants being 55 years or older. The latter
needed more time but used less water to swallow the dierent tablets
tested in the study (Homanová et al., 2019). The dierent perormance
o the uncoated tablet vs. the coated versions might be explained by the
exposure o the insoluble excipients o the tablet core leading to rough
interactions when coming in contact with wet suraces and thus result-
ing in greater riction. In case o the coated version, maintained lubri-
cation and reduced riction is achieved by the layer o polymer coating
leading to reduced amounts owater being absorbed. The polymers orm
a slippery layer under hydration which urther reduces riction
(Homanová et al., 2019). One limitation o this study is that partici-
pants only once assessed the acceptability and palatability o the
investigated objects. Thus, no statement on intraindividual variability
can be made. The inability o dierentiating the three dierent coatings
in terms o swallowability might be due to their common HPMC basis.
One could question whether it might be the simple act o coating
application that allows or the swallowability enhancing eect down-
grading the importance o the eective coating composition.

Instead o enhancing swallowability by applying dierent coatings to
tablets, swallowability diculties can urther be overcome by using
alternative dosage orms, i.e., ODTs, eervescent tablets, chewable
tablets, or multiparticulates, e.g. mini tablets. In respect to acceptability
o oral liquid drug products a study using CAST accounts or a positively
accepted prole cluster or liquid pharmaceutical products (Belissa et al.,
2019). However, when the ocus is exclusively on older patients with
swallowing disorders this is not the case (Belissa et al., 2019). Liquid
pharmaceutical products are classied as negatively accepted in this
population group (Belissa et al., 2019). This shows that liquid pharma-
ceutical products seem not to be suitable alternatives to SODFs or older
patients with swallowing disorders (Belissa et al., 2019). CAST was used
to compare the acceptability o dierent paracetamol products in the
older population (Ruiz et al., 2019). Hereby, ODTs occurred as potential
alternatives to conventional SODFs or patients showing swallowing
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diculties (Ruiz et al., 2019). Additionally, ODTs are besides dis-
persible/eervescent tablets revealed as most accepted by participants
showing dysphagia in a study conducted by Liu et al. (Liu et al., 2016).
However, unpleasant taste is oten reported as a hurdle or ODTs as it
might reduce patients’ adherence (Slavkova and Breitkreutz 2015).
Chewable tablets and granules were the least avored dosage orms in
the study conducted by Liu et al. There were concerns about the
handling o mini tablets due to their small size (Liu et al., 2016). Par-
ticipants without dysphagia were less in avor o alternative dosage
orms compared to conventional SODFs (Liu et al., 2016). This
strengthens the convenient, simple, and easy application o tablets and
capsules as long as their swallowability is given. Further, it highlights
the impact o amiliarity with dierent dosage orms on patients’ 
acceptability (Liu et al., 2016).

Swallowing in general is an extremely complex process comprising
an oral, pharyngeal, and esophageal part and it is infuenced by many
dierent actors. In vitro and in silico experiments depict attractive
complements to in vivo investigations. The variation o parameter in the
swallowability assessments, enables a better understanding o the
impact o dierent properties o the swallowed dosage orm on swal-
lowability, and allows their adaptation to the dierent patient needs
(Marconati et al., 2019). There exist dierent approaches or in vitro
assays addressing the process o swallowing. Complex models simu-
lating the oral, pharyngeal, and/or esophageal circumstances as realis-
tically as possible were developed in the past (Marconati et al., 2019). In
contrast to those models mimicking the deglutition process as such,
other types o in vitro assays are used to investigate physical and
chemical interactions o swallowed materials and the oral cavity. Dru-
mond et al. proposed methods to study particle interactions and me-
chanical orces in order to predict mucoadhesive strength properties o
dierent polymers (Drumond and Stegemann 2018a, b). Rheological
and turbidimetric measurements seem to be most appropriate to mea-
sure the amount o polymer adhering to mucus (Drumond and Steg-
emann 2018a). Furthermore, tribology was proposed as a tool to study
texture and moutheel in the pharmaceutical eld ater already being
implemented in the ood industry (Homanová et al., 2021). Homanová
et al. showed the easibility o discrimination between tablets with
dierent coatings using surace and thin lm tribology (Homanová
et al., 2021). The in vitro measurements o Homanová et al. are sup-
ported by in vivo data. Smart et al. suggested an apparatus incorporating
a section o porcine esophageal mucosa to test esophageal adhesion o
dierent materials commonly used in pharmaceutical coatings (Smart
et al., 2013). Recently, a multi-analytical ramework including mea-
surements to mimic the oral transition o SODFs in a static as well as
dynamic stage was proposed by Ershad et al. (Ershad et al., 2021). They
calculated a quantitative swallowability index putting critical physical
orces which govern the process o swallowability into a mathematical
relationship (Ershad et al., 2021).

In order to get meaningul predictions rom in vitro and in silico tools,
these tools need to be veried by in vivo data and adaptations to the
characteristics o individual target patient groups need to be possible.
For older adults and geriatric patients, the change in viscoelastic prop-
erties o saliva due to altered composition should be considered as one
example (Zussman et al., 2007).

The ease o handling monolithic SODFs was shown to be infuenced
by their size and shape. A study conducted by Goyanes et al. shows that
within dierently shaped 3D printed medicines the torus shape was
rated highest in swallowability but also in handling by 50 young adults
(average age 24.6 years) (Goyanes et al., 2017). Besides its infuence on
handling, the shape o tablets can urther be used to enhance breaking o
the latter i such is needed, e.g. to allow or correct dosing. The
“Snap-Tab” tablets are one example or such a tablet design (Santen
et al., 2002).

Despite the act that there already exists knowledge about the pre-
erence and acceptability o dierent SODFs, a gap in respect to older
adults, as one o the main drug product end users oten conronted with

use diculties and problems, still exists. Filling those knowledge gaps
would allow or validation and adoption o the above mentioned in vitro
and in silico tools. These adaptable tools can subsequently be used or
easier screening o adequate SODFs or the individual target patient
group reducing the burden or the latter. This is o major importance
when ocusing on vulnerable patient groups such as older adults and
geriatric patients.

5. Conclusion

Despite the act that older adults and geriatric patients are the main
users o medicine, their needs are oten neglected during the develop-
ment o new medicinal products. This is at least partially related to the
act that systematic studies investigating the dierent aspects o medi-
cation management, i.e., real-lie dosing conditions or appropriate tablet
sizes and shapes, are scarce in this heterogeneous group o adults
ranging rom very t to multimorbid, and even rail patients. However,
the existing studies indicate that real-lie dosing conditions are oten ar
away rom the intended use o the medications. Dosage orm modi-
cations and wrong timing o drug intake in relation to other drugs or
ood can lead to reduced ecacy or even saety concerns. An improved
understanding o real-lie dosing conditions would not only help to
better educate patients on the correct use o their medicine but also in
the development o more patient-centric products. In contrast to the
pediatric population, little is known on the acceptability o dosage orms
in older adults. The existing literature is quite diverse in terms o
methods used to investigate the acceptability o dosage orms in general
as well as aspects such as swallowability or handling. This highlights the
importance o creating a better understanding o this patient population
and the need or patient-centric dosage orm design. Assessing the
acceptability o innovative new approaches in a multi-dimensional way,
i.e., swallowability, palatability, and handling o the dosage orm, the
packaging material, and instructions or use, will nally prove the
applicability in the selected patient population. Considering the older
patients with their oten complex medication management would allow
or appropriate pharmacological treatment. I this can be achieved, the
quality o lie o the multimorbid patients will be improved, caregiver
burden reduced, and hospitalization avoided. A successul pharmaco-
therapy can thus contribute to a reduction o the overall health care
costs.
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Topinková, E., Baeyens, J.P., Michel, J.-.P., Lang, P.-.O., 2012. Evidence-based strategies
or the optimization o pharmacotherapy in older people. Drug Aging 29, 477–494.
https://doi.org/10.2165/11632400-000000000-00000.

Tran, J.Q., Hartung, J.P., Tompkins, C., Frohna, P.A., 2018. Eects o high- and low-at
meals on the pharmacokinetics o ozanimod, a novel sphingosine-1-phosphate
receptor modulator. Clin. Pharm. Drug Dev. 7, 634–640. https://doi.org/10.1002/
cpdd.409.

Vallet, T., Belissa, E., Laribe-Caget, S., et al., 2018a. A decision support tool acilitating
medicine design or optimal acceptability in the older population. Pharmaceut. Res.
35, 136. https://doi.org/10.1007/s11095-018-2424-3.

Vallet, T., Michelon, H., Orlu, M., et al., 2020. Acceptability in the older population: the
importance o an appropriate tablet size. Pharm. 12, 746. https://doi.org/10.3390/
pharmaceutics12080746.

H. Hummler et al.



European Journal of Pharmaceutical Sciences 187 (2023) 106453

16

Vallet, T., Ruiz, F., Lavarde, M., et al., 2018b. Standardised evaluation o medicine
acceptability in paediatric population: reliability o a model. J. Pharm. Pharmacol.
70, 42–50. https://doi.org/10.1111/jphp.12829.
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