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Abstract

:

Swallowability, visual perception, and any handling to be conducted prior to use are all influence factors on the acceptability of an oral dosage form by the patient. Knowing the dosage form preferences of older adults, as the major group of medication end users, is needed for patient-centric drug development. This study aimed at evaluating the ability of older adults to handle tablets as well as to assess the anticipated swallowability of tablets, capsules, and mini tablets based on visual perception. The randomized intervention study included 52 older adults (65 to 94 years) and 52 younger adults (19 to 36 years). Within the tested tablets, ranging from 125 mg up to 1000 mg in weight and being of different shapes, handling was not seen as the limiting factor for the decision on appropriate tablet size. However, the smallest sized tablets were rated worst. According to visual perception, the limit of acceptable tablet size was reached at around 250 mg for older adults. For younger adults, this limit was shifted to higher weights and was dependent on the tablet shape. Differences in anticipated swallowability with respect to tablet shapes were most pronounced for tablets of 500 mg and 750 mg in weight, independent of the age category. Capsules performed worse compared to tablets, while mini tablets appeared as a possible alternative dosage form to tablets of higher weight. Within the deglutition part of this study, swallowability capabilities of the same populations were assessed and have been reported previously. Comparing the present results with the swallowing capabilities of the same populations with respect to tablets, it shows adults’ clear self-underestimation of their ability to swallow tablets independent of their age.
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1. Introduction


The oral route of administration is the most common. Solid oral dosage forms, SODFs, are the predominant type of dosage form for this route of administration. This also applies to older adults, being 65 years or older [1]. If tablets or capsules are too large, patients often modify their dosage forms with unknown consequences on the efficacy and/or safety. Swallowing difficulties are present in a large proportion of older adults and have been reported to be the main reasons for dosage form modifications [2,3,4]. Therefore, alternative dosage forms (e.g., mini tablets) have been developed in the past. These dosage forms have already been evaluated extensively in the context of pediatric medicines [5], however, assessments of alternative dosage forms in older adults are scarce [6].



Patients need to be willing to take their medication in order to adhere to their pharmacotherapy. Therefore, adequate acceptability is essential for the development of drug products [7]. The needs of the intended subset of patients have to be identified at the beginning of drug product development [7,8]. Drug product characteristics influencing the acceptability of medicines in older adults are stated in a reflection paper by the European Medicines Agency. Among others, appearance, swallowability, patient perception, and any handling to be conducted prior to use are listed [7].



Patient perception is described as the anticipated swallowability and palatability before the patient takes the medication. Furthermore, it is an appreciation of the color, size, shape, and viscosity of the individual product [7]. In the past, it has been reported that between 14% and 40% of the general population experience swallowing difficulties when taking medication [9,10,11,12]. These swallowing difficulties are often not due to any abnormalities found in a physical examination or laboratory findings such as videofluoroscopy and barium swallow studies, but are rather described as a psychogenic dysphagia, called phagophobia [13]. Younger age, female sex, as well as poor mental health were found to be associated with phagophobia [10,12,14]. Thus, phagophobia needs to be kept in mind when studying the patients’ visual perception of different dosage forms. Besides the size and shape of the different dosage forms, the color is expected to impact the visual perception. However, color was found to be of greater relevance for the identification and memorability of the products than for patients’ medication adherence [15].



The handling of dosage forms prior to use is part of medication management and is dependent on the type of dosage form. For tablets and capsules, handling includes the removal from the secondary and primary packaging as well as any necessary dose adjustment [7]. As multi-compartment compliant aids are commonly used by older adults, they need to pick the SODFs out of those boxes or from a table. Thus, in these cases, the need to remove packaging is eliminated. Impaired dexterity as well as a decrease in hand and grip strength are common within this patient population [16,17,18,19,20]. The aforementioned handling processes can become difficult for older adults, and thus might lead to non-adherence. It has been reported that tablets that are too small and too flat generally affect handling [21,22].



Swallowability, visual perception, as well as the handling of SODFs are all influenced by the size and shape of the individual dosage form. It is a balancing act to find the right size and shape of SODFs, allowing for acceptable handling and swallowability. This is especially true for the vulnerable patient population of older adults. Older adults, representing the greatest group of medication end users, are a heterogeneous group with diverse needs. Multimorbidity and consequently polypharmacy, being defined as an intake of five or more medications, are common within this patient population [23,24,25,26].



Thus, we aimed to gain information on acceptable sizes and shapes of SODFs for older adults with respect to swallowability, visual perception, and handling. Hereby, we focused on tablets, as they are the major type of SODFs being prescribed to older adults [1]. Since the results of the deglutition part of the study have already been reported [1], this article addresses the handling assessment of the different tablets as well as the visual perception assessment of different SODFs. Besides tablets, the visual perception part included capsules and mini tablets. Capsules are the second most common SODF and mini tablets have been proposed as an alternative dosage form to overcome swallowing difficulties. The acceptability of mini tablets has previously been tested in comparison with other alternative dosage forms, but a comparison to monolithic SODFs such as tablets is still missing [6]. Furthermore, the participants’ evaluation of swallowability after actual deglutition was compared to the one after the visual observation of SODFs. We also seeked to provide a limit to the upper and lower end of appropriate tablet size as well as appropriate tablet shapes for older adults. Additionally, we investigated the differences between older adults and a control group of younger adults.




2. Materials and Methods


2.1. Materials


The tested dosage forms (Table 1) covered the most common weights, sizes, and shapes of SODFs prescribed to people 65 years and older in Germany [1]. Placebo tablets for the deglutition and handling part of the study were produced by direct compression followed by film coating using the same composition as previously reported [1]. Tablets for the visual perception part of the study were produced by 3D printing using selective laser sintering technology and were shown to the participants enclosed in showcases (Figure 1). Hydroxypropyl methylcellulose-based capsules were of white opaque color (Table 2). The uncoated placebo mini tablets were 2.3 mm in diameter and produced by direct compression.



The minimum cross sectional area of the dosage forms was calculated using the geometric dimensions.
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Table 1. Description of tablet characteristics. The inclusion of the tablets in different parts of the study is specified under “deglutition”, “visual perception”, and “handling”. The group for the deglutition part refers to the experimental group assignment.






Table 1. Description of tablet characteristics. The inclusion of the tablets in different parts of the study is specified under “deglutition”, “visual perception”, and “handling”. The group for the deglutition part refers to the experimental group assignment.





	Shape
	Weight [mg]
	Diameter [mm]
	Cap Radius [mm]
	Thickness [mm]
	Min. Cross Sectional Area [mm2]
	Deglutition (Group)
	Visual Perception
	Handling





	Round
	125
	7.40
	9.13
	2.97
	18.21
	-
	x
	x



	Round
	250
	9.30
	11.60
	3.82
	29.63
	x (1)
	x
	x



	Round
	500
	11.70
	14.71
	4.82
	47.13
	x (2)
	x
	x



	Round
	750
	13.35
	16.86
	5.47
	60.94
	x (2)
	x
	x



	Shape
	Weight [mg]
	Length [mm]
	Width [mm]
	Thickness [mm]
	Min. Cross Sectional Area [mm2]
	Deglutition (Group)
	Visual Perception
	Handling



	Oval
	125
	9.50
	4.95
	3.30
	13.89
	-
	x
	x



	Oval
	250
	12.00
	6.25
	4.24
	22.17
	x (2)
	x
	x



	Oval
	500
	15.10
	7.87
	5.31
	35.15
	x (1)
	x
	x



	Oval
	750
	17.30
	9.02
	6.12
	46.12
	x (1)
	x
	x



	Oval
	1000
	19.00
	9.90
	6.66
	55.64
	x (2)
	x
	x



	Oval
	1250
	20.48
	10.67
	7.24
	64.59
	-
	x
	-



	Oblong
	125
	10.30
	4.47
	3.03
	11.19
	-
	x
	x



	Oblong
	250
	12.75
	5.53
	3.81
	17.11
	-
	x
	x



	Oblong
	500
	16.10
	6.98
	4.81
	27.20
	-
	x
	x



	Oblong
	750
	18.50
	8.02
	5.48
	35.96
	-
	x
	x



	Oblong
	1000
	20.50
	8.89
	6.07
	44.24
	x (1)
	x
	x



	Oblong
	1250
	22.20
	9.63
	6.61
	51.84
	-
	x
	-
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Table 2. Description of capsule characteristics. Anticipated weight was based on the weight of the capsule shells and a filling of the capsules with microcrystalline cellulose.






Table 2. Description of capsule characteristics. Anticipated weight was based on the weight of the capsule shells and a filling of the capsules with microcrystalline cellulose.





	Capsule Size
	Anticipated Weight [mg]
	Length [mm]
	Diameter [mm]
	Min. Cross Sectional Area [mm2]





	4
	125
	14.3
	5.05
	20.03



	3
	150
	15.9
	5.57
	24.37



	2
	200
	18.0
	6.07
	28.94



	1
	250
	19.4
	6.63
	34.52



	0
	350
	21.7
	7.34
	42.31



	00
	500
	23.3
	8.18
	52.55









2.2. Handling Assessment


A total of 14 different tablets were placed on a table in front of the seated participant. Tablets were presented one after the other in a randomized order. The randomization was conducted using a Greco-Latin square design with two blocking factors, tablet shape and weight. Participants were asked to pick up each tablet from the table and to put it into a box situated approximately 30 cm above the table surface. Through this, the distance between table and mouth was mimicked [27]. Participants were allowed to use their hand of choice or to use both hands for help to handle the individual tablets. Participant-reported outcomes (PRO) and researcher reported outcomes (RRO) were used for the evaluation of the handling procedure. Participants were asked to rate the tablets as not, moderately, or well to handle. If tablets were not or only moderately to handle, participants were asked for the specific reasons. Possible answers were: tablet was too small, shape of the tablet impaired its handling, and/or tablet surface was too smooth. Any other reasons could also be given. Furthermore, the study team noted participants’ facial expression during handling. Additionally, the number of attempts and the time needed by participants to execute the task was recorded.




2.3. Visual Perception Assessment


To assess the visual perception, eight showcases including different SODFs were shown to the participants (Table 3 and Figure 1). Shape-showcases included tablets of the same shape but differing in weight as well as capsules of different sizes. However, the weight-showcases included SODFs of the same weight (e.g., tablets of different shape as well as a capsule or mini tablets). The showcases were presented in consecutive order. Participants were told to imagine swallowing the presented monolithic SODFs as if they were their own medications. For the mini tablets, they were told to imagine sprinkling them over soft food (i.e., yoghurt or apple sauce) and taking them with a spoon. For each of the showcases, the participants were asked a multiple choice question: Which of the shown dosage forms do you think you are able to swallow?
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Figure 1. Eight different showcases were shown to the participants consecutively. Participants estimated the swallowability of the different dosage forms. 
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2.4. Study Population and Setting


Study population and setting have been reported previously [1]. The Ethics Committee of the University of Greifswald, Germany approved this study (internal registration number: BB 036/22). Participants were recruited between May and August 2022. Older participants were recruited at the geriatric ward of the local hospital in Wolgast, Germany, Altersmedizinisches Zentrum Kreiskrankenhaus Wolgast gGmbH. Younger participants were contacted via email and notices at the University of Greifswald, Germany.



Inclusion criteria were: participants’ age (≥65 years for the assessment in older adults; 18 to 64 years for the assessment in younger adults), signing informed consent, and a health status enabling participation in the study. The health status of older participants was assessed by physicians, psychologists, and a speech therapist at the Altersmedizinisches Zentrum Kreiskrankenhaus Wolgast gGmbH, Germany. Exclusion criteria were: diagnosed dementia as well as diagnosed dysphagia, cognitive impairments not allowing to give informed consent, and/or to follow study instructions (older participants needed a score of ≥25 in the Mini-Mental State Examination) [1].



The study implicated three study days for each participant. The visual perception and handling part of the study were conducted on the first and the third study day, respectively. The deglutition part was conducted repeatedly on each of the three study days [1]. Details of this part of the study have been described previously [1].



Demographic data of participants such as age, sex, body height and weight, any acute and chronic diseases, as well as the current medication were recorded. Furthermore, the participants were asked whether they managed their medication independently or if they were assisted. The participants were also asked whether they had encountered difficulties when swallowing drinks, foods, and/or medication in the present and/or past. For older participants, the results of the following assessments were recorded: Mini-Mental State Examination, Suhlman clock drawing test, and water swallowing test according to Daniels, if appropriate [28,29,30,31].




2.5. Statistical Analysis


The underlying sample size calculation for this study has been described previously in detail.



For the evaluation of the handling part, the McNemar test as well as the Bowker’s test were applied for paired data. The test application depended on the underlying k × k contingency tables. For analyzing the rating well vs. not/moderately to handle, k was two and therefore the Mc Nemar test was used. However, to analyze the rating of well vs. moderately vs. not to handle, k was three, and therefore Bowker’s test was applied. Evaluations were made separately for the two age categories. Tablets of the same shape and adjacent weight or of the same weight but different shape were compared to each other. The influence of age on the handling of the different tablets was studied using the rating of well vs. not/moderately to handle and applying Fisher’s exact test. For the evaluation of time needed to pick and move the different tablets, the values of mean ± standard deviation, minimum, and maximum are given separately for the two age categories.



The binary paired data of the visual perception part were compared using the McNemar test within the same age category. For the evaluation of same shaped tablets within a showcase, tablets with adjacent weights were compared. The same applied for capsules within showcase 8. However, within the weight-showcases, all dosage forms were compared to each other. To study the influence of age on the visual perception of dosage forms’ swallowability, Fisher’s exact test was used.



The swallowability rating after actual deglutition was compared to the rating after visual perception for each participant. For this comparison, the swallowability ratings (swallowable vs. not swallowable) previously reported were used [1]. From the visual perception part of the study, only data from the participants who actually swallowed each tablet were used. For the paired data, the McNemar test was applied.



For all tests, the p-values were corrected according to Benjamini and Hochberg, in order to control the false discovery rate and to account for multiple testing [32]. If applicable, the confidence interval (CI) boundaries were also adjusted according to Benjamini et al. [33].



p-values < 0.05 were deemed significant. Results of the Fisher’s exact test also included the odds ratios as well as the lower and upper CI boundaries. Data analysis was performed with JMP® 15.2.0 (466311) (SAS Institute Inc., Cary, NC, USA).





3. Results


3.1. Study Population


The 52 older participants showed a mean age of 81.3 ± 7.3 years whereas the younger participants were on average 23.1 ± 3.8 years old. Women represented 67.3% of the older participants. Within the group of younger participants, the female share accounted for 55.8%. Among the older participants, all except one were diagnosed with at least two or more chronic conditions. Accordingly, polypharmacy applied to 96.2% of the older participants. While all the younger participants were themselves responsible for their medication management, more than half of older participants (53.8%) were assisted to some extent (Figure 2). We have reported previously the full details of participants’ characteristics [1].




3.2. Handling


3.2.1. Rating


One older participant (1.9%) was not able to handle some of the tablets. All of the other participants, old and young, were able to handle all of the tablets with varying degrees of difficulty (Figure 3). We used 80% as a cutoff value for data evaluation as it is a commonly used threshold for acceptability [34]. Thus, all tablets exhibiting a weight of 250 mg or more were handled well by participants, independent of their age. Tablets of 125 mg were rated as well to handle in less than 80% by the older and younger participants, except for the round 125 mg tablet, which was rated well to handle by 88.5% of the older participants.



For the younger participants, there was a clear trend of increasing ease in handling with increasing tablet weight. Tablets weighing ≥500 mg were all comparable in terms of ease in handling. No such trend was seen in the older participants. For round tablets, a tablet weight of 500 mg was preferred for handling by older participants.



The Bowker’s test for tablet comparison in terms of handling based on the three-way split evaluation (well vs. moderately vs. not to handle) did not result in significant differences for any of the studied comparisons described in Section 2.5. Detailed test results are shown in the Supplementary Materials (Tables S1 and S2). The same held true when using the McNemar test to compare between well vs. not/moderately to handle. No significant difference was found for any of the comparisons, neither for older nor younger participants. However, for older participants, the comparisons between the oval 125 mg and the oval 250 mg, the oval 125 mg and the round 125 mg, the oblong 125 mg and the round 125 mg, as well as the round 500 mg and the oblong 500 mg tablet can be seen as borderto statistical significance (Supplementary Materials: Table S1).



In terms of age differences, all 750 mg tablets (oval, oblong, and round) as well as the oblong 1000 mg tablet were better to handle for the younger participants compared to their older counterparts and the comparisons were also borderto statistical significance. Detailed results of all of the described tests are shown in the Supplementary Materials (Table S3).




3.2.2. Reasons for Handling Limitations


The size of the tablets was the most frequent reason for reduced ability to handle tablets regardless of participants’ age. For tablets of 125 mg in weight, this implied too small a size while for tablets of 750 mg or 1000 mg weight, it implied a too big size (Figure 4). The latter only applied to older participants. One older participant stated that a bigger size required more finger force, thus impeding tablet’s handling. Older participants mentioned shape more often as debilitating for the handling of oval or oblongshaped tablets compared to round ones. Even if all tablets exhibited the same coating surface, some participants stated obstructive surface characteristics for different tablets. Other reasons for impaired handling of tablets stated by older participants were: surface is too rough, tablet is too big, and fear that tablet could slip away or that the tablet actually slipped away. Tablet being too big was stated most often. The younger participants mentioned a round shape, sticky surface, or too a flat shape as other reasons for impaired tablet handling.




3.2.3. Characteristics Describing Handling


Compared to the younger participants, the older participants took more time to pick and move the different tablets (Table 4). Furthermore, the variability was higher for the older participants compared to the younger participants. Neither tablets’ weight nor shape influenced the time needed for handling.



Compared to the older participants, the younger participants needed less attempts to handle the different tablets (Table 5). This was also reflected in the time needed to handle the different tablets by the two age categories. Less than four percent of the younger participants needed more than one attempt to handle any of the tablets. In contrast, depending on the different tablets, between 7.7% and 25.0% of the older participants needed more than one attempt to handle the tablets. While younger participants needed a maximum of three attempts, some of the older participants needed up to five attempts depending on tablets’ characteristics.



The RRO of facial expression was not further used to assess tablet handling, as it was considered to be biased by the investigators’ personal perception and opinion.





3.3. Visual Perception


3.3.1. Shape-Showcases


The visual perception of the dosage forms’ swallowability was assessed by presenting different SODFs in showcases to the participants and asking them to estimate their ability to swallow the individual dosage forms. Only tablets exhibiting a weight of 250 mg or less were rated as swallowable by more than 80% of the older participants (Figure 5). The weight limit for the capsules was even lower. Capsule size 2 (anticipated weight of 200 mg) was already assumed not to be swallowable by 19.2% of older participants. With respect to length, capsule size 3 (anticipated weight of 150 mg) was of comparable size to the elongated shaped tablets of 500 mg. However, the estimated swallowability ratings of capsule sizes 2 and 1 were comparable to tablets exhibiting a weight of 500 mg. While the difference between tablets and capsules of 500 mg was evident (anticipated swallowability of around 70% and 23.1%, respectively), different tablet shapes did not seem to have an influence on the anticipated swallowability for tablets up to 500 mg in weight. The most pronounced difference between tablet shapes was observed for tablets of 750 mg in weight. The round shape performed worse compared to the oval and oblong shape. However, the estimated swallowability for all 750 mg tablets was distinctly below the 80% cutoff.



In contrast to the older participants, the limits for swallowable dosage forms was shifted to higher weights for younger participants (Figure 5). Again, taking 80% as the cutoff, the weight limit for tablets depended on their shape. For oblong shaped tablets, a tablet weight of 1000 mg was evaluated as swallowable by over 80% of the younger participants. The limit for oval tablets was reached at 750 mg. Over 20% of the younger participants judged round tablets exceeding a weight of 500 mg as not swallowable. For capsules, the limit was reached at an anticipated weight of 350 mg. As for the older participants, the most pronounced difference in tablet shapes was apparent for tablets of 750 mg in weight. The shape of 750 mg tablets was decisive for their classification as swallowable by over 80% of the younger participants.




3.3.2. Weight-Showcases


Capsules did not seem to be a suitable alternative to tablets for older participants when the SODFs were ≥250 mg in weight. While the oval and oblong tablets up to 500 mg in weight were considered as swallowable by >80% of the older participants, the same was true only up to 250 mg for the round tablets (Figure 6). For the older participants, differences in tablets’ shape were most pronounced for those of 500 mg in weight. Data from the shape-showcases showed the highest influence of shape for a tablet weight of 750 mg (Section 3.3.1). Worse swallowability was seen for the round shape (estimated swallowability < 80%) compared to the oval and oblong shape. For the 750 mg and 1000 mg weight classes, none of the monolithic tablets reached the 80% cutoff within the older participants. This is in line with the data from the shape-showcases. In contrast, mini tablets were deemed swallowable by around 80% of the older participants. Thus, mini tablets seem to be a promising alternative.



For the younger participants, the limits in terms of dosage form weight with respect to sufficient swallowability was shifted to higher ends. Within all four weight-showcases, the capsule of size 00 with 500 mg anticipated weight as well as the oval and oblong 1000 mg tablets were the only dosage forms not reaching the 80% cutoff. As for the older participants, the mini tablets seemed to be an alternative to monolithic tablets of 750 mg and 1000 mg in weight.



Significant differences obtained by calculating the McNemar test for comparisons between dosage forms of the same kind or between those of the same weight and subsequent Benjamini–Hochberg correction supported observations made pursuant to Figure 5 and Figure 6 (Figure 7). For the older participants, significant difference occurred for tablets of the same shape when comparing 250 mg to 500 mg tablets or tablets of higher weight. For the younger participants, this only held true when comparing round shaped tablets with a weight of 500 mg and 750 mg. For tablets of elongated shape, comparisons starting at 750 mg to 1000 mg were of a significant nature. Figure 7 shows that a significant difference between age categories was to be expected for dosage forms of 500 mg or higher in weight. Detailed results of all of the described tests are shown in the Supplementary Materials (Tables S4–S6).




3.3.3. Influence of Showcase Style on Visual Perception


Figure 8 shows that in some cases, the way of presenting dosage forms to participants changed their visual perception of the dosage forms’ swallowability, especially in older participants. In fact, older participants tended to rate dosage forms’ swallowability as worse if presented in the shape- compared to weight-showcases. For the round and oval shaped 750 mg tablets, this even led to a significant difference for the older participants. The 500 mg oval and oblong tablets were borderline swallowable, depending on the showcase (Figure 8; Supplementary Materials Tables S7 and S8).




3.3.4. Influence of Sex on Visual Perception


As seen in Figure 9 and Figure 10, there was a trend of women rating the anticipated swallowability of SODFs worse compared to men, especially for larger sizes (>250 mg for capsules, >750 mg for tablets). An exception hereof were the oval shaped tablets within the group of younger participants, which were rated as worse by men than by women. Sex difference was more pronounced for older participants compared to their younger counterparts.





3.4. Visual Perception in Comparison to Actual Deglutition


A comparison of the swallowability ratings after actual deglutition to those according to visual perception clearly showed participants’ self-underestimation (Figure 11). The older participants underestimated themselves to a higher extent compared to the younger participants. Applying blinding for the deglutition part clearly allowed to differentiate between participants’ actual and their estimated deglutition capabilities. Detailed results of all described tests are shown in the Supplementary Materials (Table S9).





4. Discussion


Older adults are not only the major group of medication end users, but are also a particularly heterogeneous and vulnerable patient population. However, information on the appropriate SODF size and shape for this patient population is still lacking [35]. Therefore, they were the focus group of this study. As the recruitment of older participants took place at the hospital, the majority of older participants was affected by two or more chronic conditions. This points to a rather vulnerable population and to their habit of regular medication intake [1].



The extent of handling (i.e., the sequent steps that need to be taken prior to medication administration), strongly depends on the type of dosage form. In our study population, more than half of the older participants (53.8%) received help in the medication management process from either family members, a mobile nursing service, or caregivers at retirement homes. However, the last step of medication handling before swallowing SODFs, namely, picking up a tablet from a blister, bottle, or a multi-compartment compliant aid and putting it into the mouth, is likely to be carried out by the patient. As the purpose of this study was to understand the influence of the shape and size of tablets on their handling, we coated all tablets with the same film-coating in order to exclude that differences in surface properties could affect the results. Surprisingly, no major difference was found between the ability to handle differently sized and shaped tablets when comparing the data of older vs. younger participants. Within the tested range of tablet sizes, the ability to handle a tablet did not influence the assessment of appropriate tablet sizes. Interestingly, the smallest tested tablets (125 mg tablet weight) were rated as the worst. Thus, smaller size was seen to complicate handling. Even if the smallest sized tablets were still able to be handled by the studied population, this might change when focusing on patients with more severe limitations in dexterity. Rheumatoid arthritis patients and, in general, female older patients were reported to have more difficulties with opening medication packaging [36]. Furthermore, Shariff et al. reported on small round tablets (<6 mm in diameter) being difficult to handle by older adults, as assessed with semi-structured interviews [21]. However, the older participants in this study were all able to handle the smallest tested round tablet of 7.4 mm in diameter and 88.5% even rated this tablet as well to handle. Round shaped tablets were rated better compared to the elongated tablets. This is in contrast to what we have seen for swallowability ratings in the deglutition part of the study [1], where a smaller minimum cross-sectional area was beneficial for swallowability. Younger participants seemed to be very critical in their ratings on handling. For the round and oblong shaped tablets of 125 mg, their ratings were even worse compared to those of the older participants. Furthermore, younger participants only needed a very short time and a low number of attempts for the handling of the different tablets. Even if the older participants needed more time and more attempts in the handling, their ratings were not distinctly worse compared to those of the younger participants. This might be an indication for more patience and higher frustration limits within the older age group due to their common confrontation with medication in their daily life. However, we expected distinctly worse ratings and more difficulties within older participants as impairment in manual and finger dexterity, loss of finger top feel, and decreased grip strength have been reported for this age group [18,20,37]. Using the ClinSearch Acceptability Score Test®, Vallet et al. described medication preparation and administration time of less than 20 s as short, between 21 s and 60 s as medium, and more than 60 s as long [38]. Adding up the time needed for handling and the time needed to swallow the different tablets that we reported previously [1], all intake attempts in this study can be described as short. Of note, our study did not include any removal from the secondary or primary packaging.



To detect the limit of tablet size within different tablet shapes in terms of the anticipated swallowability and to further test preferences in shape for same weight tablets, we used shape- as well as weight-showcases. The visual perception of dosage forms, thus the anticipated swallowability, is strongly influenced by the size, shape, and to some extent, the surface characteristics of the dosage form. When developing a new drug product, the estimated efficacious dose, the route of administration, and the type of dosage form influence the selection of the formulation technology. Thus, knowing the drug load, an estimation of dosage form size is possible. In order to develop patient-centric drug products that are accepted by patients, the size limits for the individual dosage forms need to be known. Thus, if an appropriate tablet size resulting in good swallowability is to be tested based on visual perception, one should pay attention to dosage forms’ weight being besides shape decisive for the final size of the SODFs. Weights of the dosage forms exhibiting the same largest dimension can be highly variable due to differences in density. This applies to the commonly used monolithic SODFs, namely, capsules compared to tablets.



In general, the results of the different studies assessing swallowability according to visual perception or retrospective experiences are difficult to compare as different methods have been used (Table 6). Furthermore, the study participants differed in their characteristics. The two studies conducted by Vallet et al. and Liu et al. resulted in different tablet size limits for people with swallowing difficulties and with dysphagia, respectively. Our visual perception data suggest that if an appropriate size for SODFs needs to be chosen for adults, the age and the general health status of the target patient population need to be respected. Comparing our data to the SODF sizes causing swallowing difficulties reported by Schiele et al., we observed lower limits for the older adults. In contrast, for younger adults, the size limits were shifted to a higher end. Earlier studies resulted in a general trend towards a higher acceptability of round shape for smaller sized tablets and elongated shapes for larger sized tablets [15,21]. This is in line with our results, which suggest that round tablets with a diameter of more than 9.30 mm (older adults) or 11.70 mm (younger adults) should be avoided, depending on the age of the patient population. Tablets with an elongated shape are more acceptable when targeting a weight of 250 mg or 500 mg.
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Table 6. Studies assessing dosage form swallowability according to visual perception or retrospective experiences of the participants with their own medication.
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Studied Population

	
Study Type

	
Tested Dosage Forms

	
Acceptable SODF Size 1

	
Reference






	
Older adults, mean age of 86 years, n = 938 tablet evaluations

	
ClinSearch Acceptability Test®

	
Retrospective analysis of patients’ regular medications, tablets ranged from 4.7–21.5 mm

	
Older adults w/o swallowing difficulties: tablets in general,

older adults with swallowing disorders: only tablets < 6.5 mm

	
[39]




	
Older adults, mean age of 74 years, n = 156

	
Anticipated swallowability according to visual perception

	
Tablets:

round and elongated shapes of 5–13 mm (d or l);

hard gelatin capsules:

size 4 to 00

	
Older adults with swallowing difficulties (11% of study population):

tablet sizes < 11–13 mm (d or l) and capsules of size 0 or smaller

	
[6]




	
Adult patients, mean age of 61.8 ± 15.6 years, n = 1051

	
Patients reported swallowing difficulties among their own regular medications

	
Retrospective analysis of patients’ regular medications

	
Round tablets ≤ 8.1 mm (d) and ≤ 3.5 mm (h);

oval tablets ≤ 13.2 mm (l), ≤6.6 mm (w), and ≤4.6 mm (h);

oblong tablets ≤ 13.3 mm (l), ≤6.2 mm (w), and ≤4.9 mm (h)

hard capsules: <6.4 mm (d), <17.5 mm (l);

soft capsules: <8.0 mm (d), <18.3 mm (l)

	
[10]




	
Older adults: mean age of 79 years, n = 18; informal carers: mean age of 61 years, n = 7; health/social care professionals: n = 27

	
Semi-structured interviews

	
Tablets:

round: 6–10 mm (d);

oval: 12–16.5 mm (l), 7–8.9 mm (w);

oblong: 18 mm (l), 7 mm (w)

	
Tablets > 10 mm (d) in case of a round shape should be provided in an elongated shape; good swallowability if tablets are not too thick

	
[21]




	
Adult patients, n = 278: 23–64 years, n = 53: ≥65 years

	
Anticipated swallowability according to visual perception

	
Tablets:

flat or arched round: 8.1–15.1 mm (d), 3.1–5.5 mm (h);

oblong: 12.2–22.2 mm (l), 6.3–8.9 mm (w), 4.4–7.2 mm (h);

oval: 11.2–20.3 mm (l), 7.6–9.8 mm (w), 3.6–7.0 mm (h)

	
Small tablets: preference for strongly arched round shape;

medium tablets: preference for oval shape;

large tablets: preference for oblong, oblong curved, and oval shape

	
[15]




	
Older adults, mean age 81.3 ± 7.3 years, n = 52

	
Anticipated swallowability according to visual perception

	
Tablets:

round: 7.40–13.35 mm (d);

oval: 9.50–20.48 mm (l);

oblong: 10.30–22.2 mm (l);

capsules: size 4 to 00;

mini tablets: 750–1000 mg

	
Swallowable:

round tablets ≤ 9.30 mm (d);

oval tablets ≤ 12.00 mm (l);

oblong tablets ≤ 12.75 mm (l);

capsules ≤ size 3 (≤15.9 mm (l));

mini tablets ≤ 1000 mg

	
Present

study




	
Younger adults, mean age 23.1 ± 3.8 years, n = 52

	
Swallowable:

round tablets ≤ 11.70 mm (d),

oval tablets ≤ 17.3 mm (l),

oblong tablets ≤ 20.5 mm (l)

capsules ≤ size 0 (≤21.7 mm (l))

mini tablets ≤ 1000 mg








1 Dosage forms’ dimensions are described in this table by d = diameter, l = length, w = width, and/or h = height.











The impact of different methods for the assessment of SODFs’ swallowability and their acceptability have been described previously [40]. This impact can also be seen when comparing the data of the deglutition part (i.e., the swallowing capabilities) to the data from the visual perception part (i.e., the anticipated swallowability). In addition, the influence of different study designs on the swallowability results became obvious when comparing the visual perception data of the shape- vs. weight-showcases within this study. The point of reference given to participants when evaluating the anticipated swallowability for different dosage forms seems to be relevant and influential. A few tablets were rated as swallowable by ≥80% of the participants or <80% depending on the type of showcase. This might indicate that these tablets represent the critical size for the individual tablet shape.



Phagophobia, an aversion to swallowing pills, has been described previously to be associated with female sex [12,14]. In this study, we saw a trend that women compared to men rated the dosage forms more often as not swallowable according to their visual perception. Previously, we have already reported on such a trend for younger adults according to their swallowability ratings after actual deglutition of different tablets [1]. This is in line with observations by Schiele et al. reporting on the association of increased prevalence for swallowing difficulties with medication and female sex [10]. Alternative dosage forms that would allow for better swallowability have gained much interest over the past years. Liu et al. reported on orodispersible tablets and mini tablets as the most accepted alternative dosage forms after effervescent tablets for older adults, but these dosage forms were not compared to conventional monolithic dosage forms such as capsules or tablets [6]. The results of the visual perception part of the present study suggest that mini tablets are a promising alternative to larger sized tablets of 750 mg and even higher in weight. Mini tablets might be considered for adults independent of their age. Nevertheless, a high dose strength might be restricted due to limited drug load per unit dosage form, and furthermore, the handling of such mini tablets might be difficult for older adults [35].



The comparison between the anticipated swallowability according to visual perception and the actual ability to swallow showed a great difference. In particular, participants 65 years or older largely underestimated their ability to swallow tablets. Even though the blinding used during the deglutition part of this study was far off a realistic intake scenario [1], it allowed for an interesting comparison between the visual perception, which is psychologically biased, and the participants’ actual ability to swallow [21]. The observed difference underlines the need and the potential of training as well as educational interventions to reduce and/or overcome psychological barriers in medication intake [10,14,41]. Independent of the method used to assess swallowability, either by visual perception or the actual deglutition of test objects, we saw limited swallowability for the older participants compared to the younger participants. However, in the past, difficulties in swallowing medication among adults has been associated with younger age and female sex [10]. Differences between the literature values and those in the study have been discussed previously [1].



Within the deglutition part that we reported previously, a stricter qualitative assessment of swallowability resulted in well swallowable tablets for older participants in case of oval shape and 250 mg tablet weight [1]. For the younger participants, both 250 mg tablets as well as the oval 500 mg tablet were considered as well swallowable. Given the good swallowability, ≥80% of participants independent of their age were willing to take them on a daily basis over one week or several months. Furthermore, these tablet sizes were considered swallowable following visual perception. Therefore, these tablet sizes and shapes can be seen as appropriate and would be well-suited to achieve a possibly high adherence of adult patients independent of their age. However, if high doses have to be administered, either dosage form size or the number of single units would need to be increased. The present study did not consider this aspect, but the pill number might be of interest for further investigations, especially when considering drug product development for older adults, who are often subject to polypharmacy.



Medication needs to be efficacious as well as easy and safe to use for the patient [42]. For the intake of SODFs, swallowability is important in terms of the ease of use as well as from a safety perspective. To be efficacious, medicines need to be taken as intended, and thus the medicines’ acceptability is of great importance. The SODFs’ size and shape influence the appearance, swallowability, patient perception, and any handling to be conducted prior to use [7]. In this study, we investigated the swallowability, visual perception, and handling, allowing for a clear comparison between these factors, as tablets of the same size and shape were tested. Thus, the results can help to find an appropriate size and shape for monolithic SODFs, allowing us to balance the different aspects of medicine acceptability. Even if there is no general agreement on the acceptability limits, we used that of 80%. However, these limits might differ and are likely to need adjustment depending on the target patient population.




5. Conclusions


The evaluation of the handling performance showed that handling was not the limiting factor for the decision on the appropriate tablet size and shape for the studied population. Data of the visual perception resulted in lower size limits for the older compared to younger participants. Mini tablets were found to be a possible alternative to monolithic SODFs of 750 mg or higher in weight independent of adults’ age. However, when comparing the anticipated swallowability for capsules and tables of the same weight, tablets were rated as better swallowable. The SODF size limits were distinctly lower according to visual perception compared to the results of the deglutition assessment. Great self-underestimation was observed independent of participants’ age, but was even more pronounced at a higher age.
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Author Contributions


Conceptualization, H.H., S.P., C.S., M.G. (Michael Grimm), M.G. (Maik Gollasch) and W.W.; Methodology, H.H., S.P., C.S., M.G. (Michael Grimm) and W.W.; Formal analysis, H.H.; Investigation, H.H. and L.M.; Resources, S.P., C.S., M.M., M.G. (Maik Gollasch) and W.W.; Writing—original draft preparation, H.H.; Writing—review and editing, H.H., S.P., C.S., L.M., M.G. (Michael Grimm), M.M., M.G. (Maik Gollasch) and W.W.; Visualization, H.H.; Supervision, S.P., C.S., M.G. (Maik Gollasch) and W.W.; Project administration, H.H.; Funding acquisition, S.P., C.S. and W.W. All authors have read and agreed to the published version of the manuscript.




Funding


This research has received funding from the European Union’s Horizon 2020 research and innovation programme under the Marie Skłodowska-Curie grant agreement no. 956146.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of the UNIVERSITY MEDICINE GREIFSWALD (BB 036/22, 7 April 2022).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Acknowledgments


The authors would like to thank Knut Seidlitz for his active support in the preparation of the tablets. Furthermore, they acknowledge the assistance of Sabrina Bras Da Costa and Florian Wildenhahn in the conceptualization of the different questionnaires as well as their input for the study conduct. Additionally, the authors are grateful to the support by Kristina Weber and Jens Lamerz for their advice in the case of statistical questions and the general study conceptualization. The authors acknowledge the use of Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 Unported License, for parts of the graphical abstract.




Conflicts of Interest


The authors declare no conflict of interest. Author H.H., C.S. and S.P. were employed by the company F. Hoffmann-La Roche Ltd. The company had no role in the design of the study; in the collection, analyses, or interpretation of data, in the writing of the manuscript, and in the decision to publish the results.




References


	



Hummler, H.; Stillhart, C.; Meilicke, L.; Grimm, M.; Krause, E.; Mannaa, M.; Gollasch, M.; Weitschies, W.; Page, S. Impact of tablet size and shape on the swallowability in older adults. Pharmaceutics 2023, 15, 1042. [Google Scholar] [CrossRef]

	



Bourdenet, G.; Giraud, S.; Artur, M.; Dutertre, S.; Dufour, M.; Lefèbvre-Caussin, M.; Proux, A.; Philippe, S.; Capet, C.; Fontaine-Adam, M.; et al. Impact of recommendations on crushing medications in geriatrics: From prescription to administration. Fundam. Clin. Pharmacol. 2015, 29, 316–320. [Google Scholar] [CrossRef] [PubMed]

	



Haw, C.; Stubbs, J. Administration of medicines in food and drink: A study of older inpatients with severe mental illness. Int. Psychogeriatr. 2010, 22, 409–416. [Google Scholar] [CrossRef] [PubMed]

	



Strachan, I.; Greener, M. Medication-related swallowing difficulties may be more common than we realise. Pharm. Pract. 2005, 15, 411–414. [Google Scholar]

	



Liu, F.; Ranmal, S.; Batchelor, H.K.; Orlu-Gul, M.; Ernest, T.B.; Thomas, I.W.; Flanagan, T.; Tuleu, C. Patient-centered pharmaceutical design to improve acceptability of medicines: Similarities and differences in paediatric and geriatric populations. Drugs 2014, 74, 1871–1889. [Google Scholar] [CrossRef]

	



Liu, F.; Ghaffur, A.; Bains, J.; Hamdy, S. Acceptability of oral solid medicines in older adults with and without dysphagia: A nested pilot validation questionnaire based observational study. Int. J. Pharm. 2016, 512, 374–381. [Google Scholar] [CrossRef]

	



EMA. Reflection Paper on the Pharmaceutical Development of Medicines for Use in the Older Population. Available online: https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-pharmaceutical-development-medicines-use-older-population-first-version_en.pdf (accessed on 2 October 2021).

	



Stegemann, S.; Sheehan, L.; Rossi, A.; Barrett, A.; Paudel, A.; Crean, A.; Ruiz, F.; Bresciani, M.; Liu, F.; Shariff, Z.; et al. Rational and practical considerations to guide a target product profile for patient-centric drug product development with measurable patient outcomes—A proposed roadmap. Eur. J. Pharm. Biopharm. 2022, 177, 81–88. [Google Scholar] [CrossRef]

	



FDA. Size, Shape, and Other Physical Attributes of Generic Tablets and Capsules. Available online: https://www.fda.gov/files/drugs/published/Size--Shape--and-Other-Physical-Attributes-of-Generic-Tablets-and-Capsules.pdf?next=/answers/six-tips-to-avoid-getting-pill-stuck-in-your-throat/avoid-pill-getting-stuck-in-throat/ (accessed on 20 September 2022).

	



Schiele, J.T.; Quinzler, R.; Klimm, H.-D.; Pruszydlo, M.G.; Haefeli, W.E. Difficulties swallowing solid oral dosage forms in a general practice population: Prevalence, causes, and relationship to dosage forms. Eur. J. Clin. Pharmacol. 2013, 69, 937–948. [Google Scholar] [CrossRef]

	



Lau, E.T.L.; Steadman, K.J.; Mak, M.; Cichero, J.A.Y.; Nissen, L.M. Prevalence of swallowing difficulties and medication modification in customers of community pharmacists. J. Pharm. Pract. Res. 2015, 45, 18–23. [Google Scholar] [CrossRef]

	



Souza, L.F.; Nascimento, W.V.; Alves, L.M.T.; Silva, A.C.V.; Cassiani, R.A.; Alves, D.C.; Dantas, R.O. Medication swallowing difficulties in people without dysphagia. Rev. CEFAC 2019, 21, e0119. [Google Scholar] [CrossRef]

	



Franko, D.L.; Shapiro, J.; Gagne, A. Phagophobia: A form of psychogenic dysphagia a new entity. Ann. Otol. Rhinol. Laryngol. 1997, 106, 286–290. [Google Scholar] [CrossRef]

	



McCloskey, A.P.; Penson, P.E.; Tse, Y.; Abdelhafiz, M.A.; Ahmed, S.N.; Lim, E.J. Identifying and addressing pill aversion in adults without physiological-related dysphagia: A narrative review. Br. J. Clin. Pharmacol. 2022, 88, 5128–5148. [Google Scholar] [CrossRef]

	



Overgaard, A.B.A.; Møller-Sonnergaard, J.; Christrup, L.L.; Højsted, J.; Hansen, R. Patients’ evaluation of shape, size and colour of solid dosage forms. Pharm. World Sci. 2001, 23, 185–188. [Google Scholar] [CrossRef]

	



Van Santen, E.; Barends, D.M.; Frijlink, H.W. Breaking of scored tablets: A review. Eur. J. Pharm. Biopharm. 2002, 53, 139–145. [Google Scholar] [CrossRef]

	



Yetzer, E.; Blake, K.; Goetsch, N.; Shook, M.; Paul, M.S. SAFE medication management for patients with physical impairments of stroke, part one. Rehabil. Nurs. 2015, 40, 260–266. [Google Scholar] [CrossRef]

	



Vasylenko, O.; Gorecka, M.M.; Rodríguez-Aranda, C. Manual dexterity in young and healthy older adults. 1. Age- and gender-related differences in unimanual and bimanual performance. Dev. Psychobiol. 2018, 60, 407–427. [Google Scholar] [CrossRef]

	



Schenk, A.; Eckardt-Felmberg, R.; Steinhagen-Thiessen, E.; Stegemann, S. Patient behaviour in medication management: Findings from a patient usability study that may impact clinical outcomes. Br. J. Clin. Pharmacol. 2020, 86, 1958–1968. [Google Scholar] [CrossRef]

	



Wilson, M.-M.G.; Kaiser, F.E.; Morley, J.E. Tablet-breaking ability of older persons with type 2 diabetes mellitus. Diabetes Educ. 2001, 27, 530–540. [Google Scholar] [CrossRef]

	



Shariff, Z.; Kirby, D.; Missaghi, S.; Rajabi-Siahboomi, A.; Maidment, I. Patient-centric medicine design: Key characteristics of oral solid dosage forms that improve adherence and acceptance in older people. Pharmaceutics 2020, 12, 905. [Google Scholar] [CrossRef]

	



Yoder, S.; Rajabi, J.; Miller, C.; Oza, K. Physical appearance preferences for oral solid dosage formulations. AAPS Poster 2014, 2018, 1–4. [Google Scholar]

	



Gnjidic, D.; Hilmer, S.N.; Blyth, F.M.; Naganathan, V.; Cumming, R.G.; Handelsman, D.J.; McLachlan, A.J.; Abernethy, D.R.; Banks, E.; Le Couteur, D.G. High-risk prescribing and incidence of frailty among older community-dwelling men. Clin. Pharmacol. Ther. 2012, 91, 521–528. [Google Scholar] [CrossRef] [PubMed]

	



Charlesworth, C.J.; Smit, E.; Lee, D.S.H.; Alramadhan, F.; Odden, M.C. Polypharmacy among adults aged 65 years and older in the United States: 1988–2010. J. Gerontol. Ser. A 2015, 70, 989–995. [Google Scholar] [CrossRef] [PubMed]

	



Schöttker, B.; Saum, K.-U.; Muhlack, D.C.; Hoppe, L.K.; Holleczek, B.; Brenner, H. Polypharmacy and mortality: New insights from a large cohort of older adults by detection of effect modification by multi-morbidity and comprehensive correction of confounding by indication. Eur. J. Clin. Pharmacol. 2017, 73, 1041–1048. [Google Scholar] [CrossRef] [PubMed]

	



Barnett, K.; Mercer, S.W.; Norbury, M.; Watt, G.; Wyke, S.; Guthrie, B. Epidemiology of multimorbidity and implications for health care, research, and medical education: A cross-sectional study. Lancet 2012, 380, 37–43. [Google Scholar] [CrossRef]

	



Goyanes, A.; Scarpa, M.; Kamlow, M.; Gaisford, S.; Basit, A.W.; Orlu, M. Patient acceptability of 3D printed medicines. Int. J. Pharm. 2017, 530, 71–78. [Google Scholar] [CrossRef]

	



Daniels, S.K.; Brailey, K.; Priestly, D.H.; Herrington, L.R.; Weisberg, L.A.; Foundas, A.L. Aspiration in patients with acute stroke. Arch. Phys. Med. Rehabil. 1998, 79, 14–19. [Google Scholar] [CrossRef]

	



Daniels, S.K.; Ballo, L.A.; Mahoney, M.-C.; Foundas, A.L. Clinical predictors of dysphagia and aspiration risk: Outcome measures in acute stroke patients. Arch. Phys. Med. Rehabil. 2000, 81, 1030–1033. [Google Scholar] [CrossRef]

	



Shulman, K.I.; Shedletsky, R.; Silver, I.L. The challenge of time: Clock-drawing and cognitive function in the elderly. Int. J. Geriatr. Psychiatry 1986, 1, 135–140. [Google Scholar] [CrossRef]

	



Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-Mental State”. A Practical Method for Grading the Cognitive State of Patients for the Clinician. J. Psychiatr. Res. 1975, 12, 189–198. [Google Scholar] [CrossRef]

	



Benjamini, Y.; Hochberg, Y. Controlling the false discovery rate: A practical and powerful approach to multiple testing. J. R. Stat. Soc. Ser. B Methodol. 1995, 57, 289–300. [Google Scholar] [CrossRef]

	



Benjamini, Y.; Yekutieli, D. False discovery rate–adjusted multiple confidence intervals for selected parameters. J. Am. Stat. Assoc. 2005, 100, 71–81. [Google Scholar] [CrossRef]

	



Ruiz, F.; Vallet, T.; Wojcicki, A.D.; Belissa, É.; Fontan, J.-E.; De Pontual, L.; Nathanson, S.; Chevallier, A.; Laribe-Caget, S.; Boudy, V. Dosage form suitability in vulnerable populations: A focus on paracetamol acceptability from infants to centenarians. PLoS ONE 2019, 14, e0221261. [Google Scholar] [CrossRef]

	



Walsh, J.; Ranmal, S.R.; Ernest, T.B.; Liu, F. Patient acceptability, safety and access: A balancing act for selecting age-appropriate oral dosage forms for paediatric and geriatric populations. Int. J. Pharm. 2018, 536, 547–562. [Google Scholar] [CrossRef]

	



Lorenzini, G.C.; Bell, A.; Olsson, A. ‘You need to be healthy to be sick’: Exploring older people’s experiences with medication packaging at home. Age Ageing 2022, 51, afac050. [Google Scholar] [CrossRef]

	



Isaac, L.M.; Tamblyn, R.M.; McGill-Calgary Drug Research Team. Compliance and cognitive function: A methodological approach to measuring unintentional errors in medication compliance in the elderly. Gerontologist 1993, 33, 772–781. [Google Scholar] [CrossRef]

	



Vallet, T.; Belissa, E.; Laribe-Caget, S.; Chevallier, A.; Chedhomme, F.-X.; Leglise, P.; Piccoli, M.; Michelon, H.; Bloch, V.; Meaume, S.; et al. A decision support tool facilitating medicine design for optimal acceptability in the older population. Pharm. Res. 2018, 35, 136. [Google Scholar] [CrossRef]

	



Vallet, T.; Michelon, H.; Orlu, M.; Jani, Y.; Leglise, P.; Laribe-Caget, S.; Piccoli, M.; Le Fur, A.; Liu, F.; Ruiz, F.; et al. Acceptability in the older population: The importance of an appropriate tablet size. Pharmaceutics 2020, 12, 746. [Google Scholar] [CrossRef]

	



Ranmal, S.R.; O’brien, F.; Lopez, F.; Ruiz, F.; Orlu, M.; Tuleu, C.; Walsh, J.; Liu, F. Methodologies for assessing the acceptability of oral formulations among children and older adults: A systematic review. Drug Discov. Today 2018, 23, 830–847. [Google Scholar] [CrossRef]

	



Schiele, J.T.; Schneider, H.; Quinzler, R.; Reich, G.; Haefeli, W.E. Two techniques to make swallowing pills easier. Ann. Fam. Med. 2014, 12, 550–552. [Google Scholar] [CrossRef]

	



Sam, T.; Ernest, T.B.; Walsh, J.; Williams, J.L.; (EuPFI), on behalf of the E.P.F.I. A benefit/risk approach towards selecting appropriate pharmaceutical dosage forms—An application for paediatric dosage form selection. Int. J. Pharm. 2012, 435, 115–123. [Google Scholar] [CrossRef]








[image: Pharmaceutics 15 01315 g002 550] 





Figure 2. Responsibilities for medication management among the older participants. 
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Figure 3. Handling of tablets differing in weight and shape rated as not, moderately, or well to handle. Data are shown separately for the older participants (left panel) and younger participants (right panel). Each participant gave a rating for every tablet. The value of 80% was used as a cutoff value for the data evaluation as it is a commonly used threshold for acceptability. 
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Figure 4. Number of responses and handling ratings (moderately to handle on the left panels and not to handle on the right panels). Crosses indicate the number of handling ratings (absolute numbers). Data are shown separately for the older participants (top panels) and younger participants (bottom panels). 
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Figure 5. Visual perception of dosage forms’ swallowability by older participants (left panel) and younger participants (right panel). Capsules (size 4 to 00 with anticipated weight of 125 mg to 500 mg), round shaped tablets (125 mg to 750 mg), as well as oval and oblong shaped tablets (125 mg to 1250 mg) were shown to the participants in the shape-showcases. 
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Figure 6. Visual perception of dosage forms’ swallowability by older participants (left panel) and younger participants (right panel). Capsules (250 mg and 500 mg), round shaped tablets (250 mg to 750 mg), oval and oblong shaped tablets (250 mg to 1000 mg), as well as mini tablets (750 mg and 1000 mg) were shown to the participants in showcases dependent on the weight of the dosage forms. 
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Figure 7. Significant differences according to the McNemar test for the data of visual perception. Arrows point to dosage forms showing a worse rating in terms of the anticipated swallowability. Results for the older participants (continuous line) and younger participants (dashed line) are shown. Comparisons between the dosage forms of the same kind were calculated for adjacent weights. For dosage forms of the same weight, all dosage forms were compared to each other. Stars indicate a significant difference between age categories according to Fisher’s exact test, implying better anticipated swallowability ratings for younger compared to older participants. To account for multiple testing, all calculated p-values were corrected according to Benjamini and Hochberg. p-values of <0.05 were deemed as significant. 
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Figure 8. Influence of the showcase style (shape- or weight-showcase) on the visual perception of dosage forms’ swallowability. Data are shown for older participants (upper panel) as well as younger participants (lower panel). Significant differences according to the McNemar test and consequent Benjamini–Hochberg correction (p-value < 0.05) are marked with an asterisk. 
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Figure 9. Influence of sex on the visual perception of the swallowability of the dosage forms presented within the shape-showcases. Data are shown separately for older participants (67.3% female; left panel) and younger participants (55.8% female; right panel). 
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Figure 10. Influence of sex on the visual perception of the swallowability of the dosage forms presented within weight-showcases. Data are shown separately for older participants (67.3% female; left panel) and for younger participants (55.8% female; right panel). 
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Figure 11. Comparison of the swallowability ratings after actual deglutition compared to those according to visual perception. Data of the visual perception only included ratings of those participants that had actually swallowed the particular tablets. Data are shown for older participants (upper panel) and younger participants (lower panel). Significant differences according to the McNemar test using paired data and consequent Benjamini–Hochberg correction (p-value < 0.05) are marked with an asterisk. 
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Table 3. Composition of the eight showcases representing different SODFs.
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	Showcase
	Type of Showcase
	Included Dosage Forms





	1
	shape
	Oval shaped tablets—

125 mg, 250 mg, 500 mg, 750 mg, 1000 mg, 1250 mg



	2
	shape
	Round, biconvex shaped tablets—

125 mg, 250 mg, 500 mg, 750 mg



	3
	shape
	Oblong shaped tablets—

125 mg, 250 mg, 500 mg, 750 mg, 1000 mg, 1250 mg



	4
	weight
	Dosage forms of 250 mg weight—

oval, round, and oblong shaped tablets as well as one capsule (size 1)



	5
	weight
	Dosage forms of 500 mg weight—

oval, round, and oblong shaped tablets as well as one capsule (size 00)



	6
	weight
	Dosage forms of 750 mg weight—

oval, round, and oblong shaped tablets as well as mini tablets



	7
	weight
	Dosage forms of 1000 mg weight—

oval and oblong shaped tablets as well as mini tablets



	8
	shape
	Capsules—

sizes 4, 3, 2, 1, 0, 00
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Table 4. Time needed to handle the different tablets. Data are given for older participants (left) and younger participants (right).
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Tablet

	
Older Participants

	
Younger Participants




	
Mean [s]

	
StdDev [s]

	
Min [s]

	
Max [s]

	
Mean [s]

	
StdDev [s]

	
Min [s]

	
Max [s]






	
125 mg round

	
3.0

	
1.0

	
2

	
6

	
1.1

	
0.3

	
1

	
3




	
250 mg round

	
2.9

	
0.7

	
2

	
5

	
1.0

	
0.0

	
1

	
1




	
500 mg round

	
2.7

	
0.6

	
2

	
4

	
1.0

	
0.0

	
1

	
1




	
750 mg round

	
3.1

	
1.1

	
2

	
8

	
1.0

	
0.0

	
1

	
1




	
125 mg oval

	
3.2

	
1.5

	
2

	
12

	
1.0

	
0.2

	
1

	
2




	
250 mg oval

	
3.2

	
1.6

	
2

	
13

	
1.0

	
0.0

	
1

	
1




	
500 mg oval

	
3.2

	
1.6

	
2

	
10

	
1.0

	
0.0

	
1

	
1




	
750 mg oval

	
3.1

	
1.2

	
2

	
8

	
1.0

	
0.0

	
1

	
1




	
1000 mg oval

	
3.0

	
0.9

	
2

	
5

	
1.0

	
0.0

	
1

	
1




	
125 mg oblong

	
3.3

	
2.0

	
2

	
16

	
1.1

	
0.2

	
1

	
2




	
250 mg oblong

	
3.3

	
1.9

	
2

	
14

	
1.0

	
0.1

	
1

	
2




	
500 mg oblong

	
3.2

	
1.6

	
2

	
13

	
1.0

	
0.0

	
1

	
1




	
750 mg oblong

	
3.2

	
1.8

	
2

	
14

	
1.0

	
0.0

	
1

	
1




	
1000 mg oblong

	
2.9

	
0.8

	
2

	
5

	
1.0

	
0.1

	
1

	
2
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Table 5. Number of attempts needed by the participants to pick up the different tablets from a table and to put them into a box 30 cm above the table surface. Data are shown separately for older participants (left) and younger participants (right).
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Older Participants

	
Younger Participants




	
Tablet

	
Number of Attempts [%]

	
Not to Be Handled [%]

	
Number of Attempts [%]

	
Not to Be Handled [%]




	
1

	
2

	
3

	
4

	
5

	
1

	
2

	
3

	
4

	
5






	
125 mg round

	
88.5

	
3.8

	
7.7

	
0.0

	
0.0

	
0.0

	
96.2

	
1.9

	
1.9

	
0.0

	
0.0

	
0.0




	
250 mg round

	
92.3

	
5.8

	
1.9

	
0.0

	
0.0

	
0.0

	
100.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
500 mg round

	
92.3

	
7.7

	
0.0

	
0.0

	
0.0

	
0.0

	
100.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
750 mg round

	
86.5

	
7.7

	
1.9

	
1.9

	
1.9

	
0.0

	
98.1

	
1.9

	
0.0

	
0.0

	
0.0

	
0.0




	
125 mg oval

	
75.0

	
23.1

	
0.0

	
0.0

	
0.0

	
1.9

	
96.2

	
1.9

	
1.9

	
0.0

	
0.0

	
0.0




	
250 mg oval

	
78.8

	
19.2

	
0.0

	
0.0

	
0.0

	
1.9

	
98.1

	
1.9

	
0.0

	
0.0

	
0.0

	
0.0




	
500 mg oval

	
88.5

	
7.7

	
0.0

	
0.0

	
1.9

	
1.9

	
98.1

	
1.9

	
0.0

	
0.0

	
0.0

	
0.0




	
750 mg oval

	
82.7

	
15.4

	
1.9

	
0.0

	
0.0

	
0.0

	
100.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
1000 mg oval

	
84.6

	
11.5

	
1.9

	
1.9

	
0.0

	
0.0

	
100.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
125 mg oblong

	
82.7

	
9.6

	
1.9

	
3.8

	
0.0

	
1.9

	
96.2

	
3.8

	
0.0

	
0.0

	
0.0

	
0.0




	
250 mg oblong

	
80.8

	
11.5

	
3.8

	
1.9

	
0.0

	
1.9

	
98.1

	
1.9

	
0.0

	
0.0

	
0.0

	
0.0




	
500 mg oblong

	
80.8

	
15.4

	
1.9

	
0.0

	
0.0

	
1.9

	
100.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
750 mg oblong

	
86.5

	
7.7

	
1.9

	
0.0

	
1.9

	
1.9

	
100.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
1000 mg oblong

	
90.4

	
3.8

	
5.8

	
0.0

	
0.0

	
0.0

	
100.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0
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