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Abstract

:

The influence of the vehicle in topical treatment adherence remains to be elucidated. The aim of this study is to analyze the influence of the pharmaceutical dosage form on adherence to topical treatment in psoriasis patients, taking into consideration the mechanical features. The adherence was evaluated in a sample of 102 psoriasis patients, followed for approximately 45 days. Adherence was calculated with a new combined methodology using a log and medication weights. The effect of the group formulation was evaluated using logistic regression models. A complex effect of the vehicle on adherence was found, mediated by the affected area. The adherence was significantly higher for patients applying gels and creams than for those using ointments, whenever the body area affected was extensive. The opposite was found when the affected area was small. Mechanical properties can partially explain the findings since gels and creams may be easier to apply. Patient beliefs and preferences regarding vehicles and their sensory attributes might also explain the results. It is noteworthy that adherence was strikingly low, with more than 75% non-adherent patients. This real-world evidence provides an insight for pharmaceutical industries and guidance for treatment prescription by physicians aiming to address the public health emergency of treatment non-adherence.
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1. Introduction


Psoriasis is a chronic skin disease with high psychosocial impact [1,2] that is estimated to affect 2% of the world’s population but varies according to regions [3]. Most patients with mild or moderate plaque psoriasis can be managed with topical therapy [4,5]. Topical treatment of psoriasis includes the use of corticosteroids, analogs of vitamin D, tars, anthralin and keratolytics [6]. Although different topical therapeutic approaches are available, low adherence rates can make them inefficient [7,8]. Adherence to topical treatments in psoriasis patients is reported to be low (in the range of 39% to 73%) [8,9,10].



Medication non-adherence is a prevalent health care problem and non-adherence to therapy for chronic diseases is estimated to be around 50%. Non-adherence increases treatment costs associated with poor outcomes and economic costs associated with, for instance, medicine wastage. In Europe, non-adherence is associated with almost 200,000 deaths and EUR 80–125 billion of potentially preventable direct and indirect costs [11]. Improving health outcomes and health system efficiency can be achieved through increased medication adherence [12].



The effectiveness, tolerability and safety of drugs included in topical medicines may vary according to the vehicle (liquid) or base (semi-solid) used, forming different pharmaceutical dosage forms (e.g., ointments, creams, solutions, gels, foams, sprays, shampoos, oils and lotions). In this manuscript, the term vehicle is applied to either liquid or semi-solid formulations [13]. The clinical efficacy of topical treatments for psoriasis is related to treatment adherence, which in turn is associated with vehicle characteristics such as rheological and textural properties, which are dependent both on the excipients and the structure of the matrix [14]. Patient preferences for topical psoriasis treatments have been studied by several authors [15,16,17,18,19,20,21,22], but the objective influence of the topical vehicle and its characteristics on adherence has been scarcely and incompletely addressed. For example, Lambert et al. [16] reported the adherence behavior of patients using calcipotriol/betamethasone dipropionate gel vs. ointment formulations. In this study, however, adherence was evaluated using a self-report questionnaire which did not allow a quantitative measurement, and only two vehicles were tested.



To clarify the importance of the vehicle in psoriasis treatment, besides information about patients’ preferences, real-world evidence studies on adherence and disease outcomes are essential. Topical treatment adherence assessment is a complex issue. None of the published single-measurement methods allow for the accurate assessment of adherence, and for this reason, the use of a combination of methods, including self-report questionnaires, logs and medication weight measurements, has been proposed for a more comprehensive approach [23,24].



Our group has recently characterized the rheological and textural properties of 13 topical medicines for psoriasis [14]. This information is analyzed herein with regard to the influence of the vehicle and its mechanical properties on adherence to topical treatment evaluated via a combination of measurement methods, in a sample of psoriasis patients using a variety of topical formulations as prescribed by the physicians the patients consulted.




2. Materials and Methods


This paper is focused on the objective evaluation of the influence of the vehicle on adherence to topical treatment in psoriasis, assessed in a set of 102 patients.



2.1. Participants


Patients were selected according to the following inclusion criteria: adults (over 18 years old) with a clinical diagnosis of psoriasis, treated exclusively with topical medicines and with a physician’s prescription for psoriasis treatment. The exclusion condition was patients treated with phototherapy or systemic therapy during the 45 days of the study. All participants signed an informed consent agreement.




2.2. Design and Procedures


The adherence to the topical treatment prescribed by the patient’s physician was evaluated in a sample of 102 psoriasis patients, over approximately 45 days. Approval by the Ethics Committees of the following academic and governmental institutions and hospitals was obtained: University of Porto, IUCS (Instituto Universitário de Ciências da Saúde); ARS (Administração Regional de Saúde) Norte, reference number 70, study T421; Hospital de São João; Hospital de Santo António; CNPD (Comissão Nacional de Proteção de Dados), process number 1463/2014, authorization 5343/2014.



2.2.1. Sociodemographic and Clinical Questionnaire


A sociodemographic and clinical questionnaire (constructed specifically for psoriasis patients) was used. Variables related to topical treatment were evaluated for the purpose of this study.




2.2.2. Body Area and Severity Assessment


SAPASI-PT is the Portuguese version of SAPASI and was previously developed and validated by our group [25]. This instrument is a simplified and self-administered version of the Psoriasis Area and Severity Index (PASI) [26,27,28,29].



In this instrument, patients are asked to shade the location of their psoriasis lesions on the front and back of a human figure and to indicate their perception of three characteristics of the lesions: color, thickness and scaliness, based on a visual analogic scale (VAS). To score the instrument, the investigator scores the affected area for each of the following four areas: head, upper extremities, trunk and lower extremities. With this instrument, the affected body area can be determined. The results of the body area affected were dichotomized, according to the median, into “extensive area” (patients with an affected area higher than the median value) and “small area” (patients with an affected area lower than the median value).




2.2.3. Adherence Measurement


Several methods have been used to measure adherence to topical treatments, but no single method allows an accurate and complete assessment of adherence [23]. For a more comprehensive assessment, a combination of different methodologies was used in this work, which represents a new methodological approach. The frequency of use and duration of treatment were analyzed using a log, and the dose (amount used each time) was calculated by weighing the medication.



Medication Log


Patients were asked to fill in a medication log showing the number of daily applications of the topical treatment. Adherence (Adherence L) was then calculated as the ratio between the number of applications and the theoretical number of applications, according to the posology and the duration of treatment.




Medication Weight


The medicine packages were weighed at the beginning and the end of the study (45 days). Evaluation of adherence by medication weight (Adherence W) was calculated using Equation (1)—Medication weight adherence (%):


Adherence W (%) = Wu/Wex × 100



(1)




where: Wu = medication weight used per application = (weight dispensed–weight returned)/number of applications registered in the medication log; Wex = expected medication weight per application = 0.25 g × % BSA; BSA = body surface area. A value of 0.25 g corresponds roughly to the amount needed for each application on an area corresponding to that of the palm of the hand (1% of BSA) [30,31,32]. Values of BSA were obtained using SAPASI-PT.




Adherence Questionnaire


A questionnaire (QATOP) was also used to collect data related to reasons for non-adherence and treatment-associated variables. QATOP was previously constructed by the authors, evaluated by a panel of experts comprising dermatologists, pharmacists, psychologists and statisticians, and validated regarding content validity [33].




Adherence Calculation


Adherence was calculated from the average of the adherence evaluated by the medication log and the medication weight reporting the mass used per application (Adherence Combo). When values were higher than 100%, the result was subtracted from 200 to avoid overestimation of the mean adherence. This means, for example, that 120% is converted to 80%.



To study the effect of the vehicle on adherence to topical treatment, the sample was divided based on the calculated adherence values (without conversion) into two groups: “non-adherent” (with an adherence rate of <80% or >120%) and “adherent” (those who adhered to the prescribed treatment with an adherence rate of 80–120%).





2.2.4. Evaluation of the Influence of the Vehicle on Adherence


The mechanical properties, namely flow behavior and textural properties, of 13 topical formulations commercially available for psoriasis treatment (eight ointments, four creams and one gel) were analyzed in a previous study [14]. A power-law model was fitted to the flow results, and its parameters, consistency coefficient (K) and power-law index (n), were calculated for all formulations. In brief, all formulations presented shear-thinning behavior with power-law indexes (n) lower than 1. The consistency coefficient was higher for ointments, while the oleogel presented less pronounced shear-thinning behavior. Regarding textural analysis, ointments presented higher adhesiveness and higher firmness and the oleogel exhibited the lowest values for these parameters. Two groups were identified using hierarchical clustering analysis: one including ointments (Group 1) and the other including creams and an oleogel (Group 2). For details, please see [14]. The most important predictive factor was adhesiveness, followed by firmness. Ointments (Group 1) showed higher firmness, adhesiveness and consistency coefficient values compared to creams and gel (Group 2).




2.2.5. Statistical Analysis


Descriptive analyses included absolute and relative frequencies for categorical variables and mean (standard deviation) or median (minimum–maximum) values for continuous variables, according to the symmetry of the distribution. The chi-squared (or Fisher) test was applied to investigate the independence of two factors; the Mann–Whitney test compared medians from two continuous variables.



The effect of the group formulations on the adherence/non-adherence to treatment, adjusted for potential confounders, was evaluated by multiple logistic regression. The statistical analyses were conducted using IBM SPSS Statistics 26.0. The significance level was fixed at 0.05.






3. Results


3.1. Sample Characterization


The sociodemographic and clinical characteristics of the sample are presented in Table 1.




3.2. Adherence to Topical Treatment


The mean treatment adherence was 65.4 ± 19.3%. The adherence rate results obtained using the self-report methodology (Adherence L: 70.0%) were much higher than the adherence rates obtained using the weighing methodology (Adherence W: 47.1%) (Table 2).



Adherence L represents the results for adherence calculated from the log, Adherence W represents the results for adherence calculated from the medication weight and Adherence Combo represents the results obtained from the combined methodology.



According to the dichotomized criterion for adherence to topical treatment, only 24.5% of the sample consisted of adherent participants. The majority of patients presented an adherence rate lower than 80%, but around 15% were over-adherent (Table 3).



The amount of medicine applied each time was quite variable, ranging from 0.07 to 7.8 mg/cm2 with a median value of 1.16 mg/cm2, thus defining a right-skewed distribution (Figure 1).



The mass used on each application (normalized by area) did not differ between males and females, nor between the different dosage forms (grouped into two categories) (Table 4). It was, however, significantly higher when the affected area was small.



Regarding treatment-related variables (Table 5), for most of the patients, the treatment had already been prescribed (continued treatment), and some of the medicines were identical to those previously prescribed. Most of the patients were instructed how to apply the medicines, although they were not given written information. Slightly more than half of the patients used skin care products as a complement to psoriasis treatment and the majority used these products without being advised to do so by the physician.



Patients were asked to report the reasons for non-adherence (Table 6). A high number of patients did not select any of the 25 reasons proposed. Among the reasons for non-adherence identified in this work, forgetfulness and interference with daily activities were the most cited. Other reasons reported were directly related to the vehicle characteristics, such as staining of clothes, the length of time required for application and difficulty of spreading. The only patient who mentioned the high cost of treatment as a reason for non-adherence used a compounded preparation. Stopping the treatment due to treatment efficacy might correspond to the physician’s instructions.




3.3. Influence of Treatment-Related Variables on Adherence


None of the treatment-related variables tested were shown to influence treatment adherence (Table 7).




3.4. Influence of the Vehicle on Adherence


The effect of the type of dosage form (vehicle) on the adherence/non-adherence to the topical treatment, adjusted for the effects of other studied variables, was evaluated by multiple logistic regression. The best model included the dosage form cluster group, the affected area and an interaction term (Table 8). The model was significantly better than the null model (p = 0.019) and its area under the ROC (Receiver Operating Characteristic) curve was estimated at 0.697, reflecting an average discrimination ability.



Different negative associations between the extent of lesions and adherence to treatment were estimated, depending on the vehicle. More precisely, patients with larger affected areas were less adherent irrespective of the formulation used. Moreover, for extensive affected areas, creams/gels were associated with significantly higher adherence to treatment than ointments (OR = 2.726).





4. Discussion


The mean value of adherence to psoriasis topical treatment was 65.4 ± 19%. Since the causes of non-adherence are multifactorial and are categorized into five main dimensions according to WHO, i.e., socioeconomic factors, health care and system-related factors, therapy-related factors, condition-related factors and patient-related factors, the adherence results are expected to vary substantially among patients. The self-reported adherence (Adherence L: 70%) was much higher than that obtained by weighing the medicines (Adherence W: 47.1%). This variability further reinforces the usefulness of the Adherence Combo approach used in this work and reported herein for the first time. Usually, self-reported methods overestimate adherence [8,9,23,34], and this was corroborated in this study. The observed mean adherence is low. Adherence rates higher than 80% are important to obtain optimal clinical outcomes. The adherence rates reported in the literature for topical treatment of psoriasis are very variable and influenced by the method used to evaluate adherence to treatment. It is thus difficult to establish a direct comparison with our findings. When considering a dichotomized criterion for adherence, a great majority of the participants were non-adherent to topical treatment (75.5%), a value which is strikingly low and raises awareness about the urgency of finding effective strategies to improve medication adherence in psoriasis patients. The reasons behind this behavior are elusive. More than 30% of patients were unable to identify the reasons for non-adherence from the set of 25 options. Each patient has their own perception and beliefs about the disease and the treatment and might not even be aware of their contribution to their adherence behavior. It is thus extremely difficult to recognize the general reasons why patients fail to follow medical prescriptions. A qualitative methodology could add an in-depth understanding of the underlying reasons, beliefs, attitudes and motivations that govern such behavior [35]. Among the reasons for non-adherence identified in this work, forgetfulness and interference with daily activities were the most frequently cited. About 18% of patients did not apply the treatment because they forgot—a reason also previously described for psoriasis patients [36]. Forgetfulness is a common reason for non-adherence to any type of treatment [37]. Around one fifth of the patients (20.9%) who described the reasons for non-adherence (a total of 67 patients) reported that the treatment was effective. This justification for interrupting the treatment cannot be considered a meaningful reason for non-adherence, since it might have corresponded to the physician’s instructions (apply until remission of lesions is observed). Confirmation of this instruction is limited by the fact that most patients (74.3%) did not receive instructions about the treatment. Ineffective treatment as a reason for non-adherence was reported by about 12% of patients. Fouéré et al. 2005 and Brown et al. 2006 [38,39] reported that this was one of the main reasons for non-adherence to topical treatment in psoriasis patients. The lack of time to administer the treatment was reported by 25.4% of patients with psoriasis, according to Gokdemir et al. 2008 [40], and was also reported as relevant in the study conducted by Zaghlou et al. 2004 [36]. This explanation was also mentioned in this study, since “treatment interferes with daily activities” was reported by 19.4% of patients. Other reasons reported are directly related to the vehicle characteristics, such as staining of clothes (4.5%), the length of time required for application (6%) and difficulty of spreading (3%). This emphasizes the influence of the vehicle on adherence. Since ointments present high firmness and consistency coefficients, it is expected that they will take more time and effort to apply than the other test formulations. In addition, ointments used for psoriasis contain petrolatum and thus are greasy and can stain clothes. Furthermore, in accordance with our previous results, a sticky feeling is one of the parameters associated with lower patient satisfaction [14] and has previously been cited as one of the reasons for low adherence to topical treatment of psoriasis [41]. Gels and creams present much lower adhesiveness, firmness and consistency than ointments [14] and most of them have an aqueous external phase. All the aforementioned characteristics can help to explain the higher adherence found in patients with an extensive body area affected by lesions, who used gels and creams. These findings are of value to pharmaceutical industries in selecting the vehicle composition of topical drug products for psoriasis. It is noteworthy that the effectiveness of the drug product is also influenced by the excipients of the vehicle, because they influence the skin drug delivery. Thus, insights into both mechanical features and drug delivery should be taken into account in drug product design.



Regarding the amount of medicine applied, a high variability in the results was observed (Figure 1), perhaps reflecting patients’ ignorance about the dose to be used, an error in weighing the medicine package or even the non-return of all medicine packages used during treatment. In fact, all patients in this study were unaware of the dose to be administered, leaving this item in QATOP unanswered. Analyzing the median value and comparing this with the theoretical values reported in the literature shows that approximately half of patients administered less than the required amount of topical medicine (roughly 1.2 mg/cm2) [31,33]. This is a critical issue since the administration of the correct dose is essential for optimal clinical outcome in topical treatment. It is noteworthy that a higher mass was used when small areas were involved (Table 4). This may be related to difficulty in establishing the correct dose to be applied [42] and controlling the amount removed from the tube/recipient. In view of these findings, a topical dosing applicator that allows a dose to be dispensed with greater accuracy and precision [43] and an adequate methodology to measure the affected area [44] may contribute to better clarification of dosing instructions to patients.




5. Conclusions


Analyzing our results from the point of view of adherence to treatment, we can conclude that gels and creams (Group 2) may offer greater ease of application, since they have lower firmness, consistency and adhesiveness compared to ointments (Group 1). This may justify the comparatively increased adherence observed with these dosage forms when the affected area is extensive. To improve adherence to topical treatment, and considering our results, the following recommendations to health professionals dealing with psoriasis patients can be suggested: (i) Patients with a greater affected body area are at high risk of failing to comply with the prescribed treatment and should be recipients of tailored interventions. (ii) The selection of the treatment should also consider the pharmaceutical dosage form, besides following clinical guidance, especially in the case of patients with greater affected body areas. After considering the best treatment options according to clinical guidance and available data on the influence of the vehicle on effectiveness, it could be of value to allow the patients to try vehicle samples and select the most suitable dosage form. (iii) Given patients’ ignorance of the dose of medication to be administered and the low frequency of patients who received written information about dosage (dose, frequency of administration and duration of treatment), it would be useful for the medical prescription to be accompanied by information on the mode of administration. Considering the complexity of adherence measurement, and in particular in the context of topical treatments, the combined methodology herein adopted could be taken as the gold standard in future adherence studies, thus allowing a more comprehensive evaluation and a direct comparison of results. The insight obtained in this work also provides support and a reference for pharmaceutical industries in developing topical formulations that effectively address the public health problem of non-adherence.
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Figure 1. Histogram of the mass used per application. 
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Table 1. Sociodemographic and clinical characteristics of the patients.






Table 1. Sociodemographic and clinical characteristics of the patients.





	
Sociodemographic/Clinical Variable

	
Categories

	
N

	
%






	
Gender

	
Male

	
57

	
55.9




	
Female

	
45

	
44.1




	
Marital status

	
Single/divorced/widowed

	
32

	
31.4




	
Married

	
70

	
68.6




	
Education

	
Secondary/primary

	
88

	
87.2




	
Higher education

	
13

	
12.8




	
Employment status

	
Employed/student

	
62

	
61.4




	
Unemployed/retired

	
39

	
38.6




	
Family history of psoriasis

	
Yes

	
54

	
54.0




	
No

	
46

	
46.0




	
Comorbidities

	
Yes

	
56

	
54.9




	
No

	
46

	
45.1




	
Severity of psoriasis (SAPASI)

	
Mild

	
36

	
35.6




	
Moderate

	
52

	
51.5




	
Severe

	
11

	
10.9
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Table 2. Mean values (and standard deviations) of adherence to topical treatment.






Table 2. Mean values (and standard deviations) of adherence to topical treatment.





	Adherence Measure
	N
	Mean (%)
	SD





	Adherence L
	95
	70.0
	25.9



	Adherence W
	88
	47.1
	28.2



	Adherence Combo
	90
	65.4
	19.3
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Table 3. Numbers and percentages of patients in each adherence level.
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	Adherence Rate
	N
	(%)





	Less than 80%
	57
	60.6



	Between 80 and 120%
	23
	24.5



	More than 120%
	14
	14.9
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Table 4. Mass used per application (mg/cm2).
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Variable

	
Categories

	
Mass Per Application (mg/cm2)




	
Median

	
Minimum

	
Maximum

	
p-Value






	
Clusters

	
Group 1

	
1.17

	
0.11

	
3.30

	
0.744




	
Group 2

	
1.11

	
0.07

	
7.61




	
Gender

	
Male

	
1.19

	
0.18

	
7.61

	
0.720




	
Female

	
1.14

	
0.07

	
7.98




	
Affected area

	
Small

	
1.49

	

	

	
0.002




	
Extensive

	
0.76
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Table 5. Treatment-related variables for the sample.
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Treatment Related Variables

	
Categories

	
N

	
%






	
It is the first time this treatment has been prescribed?

	
Yes

	
35

	
36.1




	
No

	
62

	
63.9




	
Some medications are identical to the ones you were taking?

	
Yes

	
67

	
81.7




	
No

	
15

	
18.3




	
You were instructed on how to apply the medication?

	
Yes

	
87

	
94.6




	
No

	
5

	
5.4




	
Information about the treatment was provided?

	
Yes

	
26

	
25.7




	
No

	
75

	
74.3




	
The use of skin care products was recommended by the physician?

	
Yes

	
36

	
38.3




	
No

	
58

	
61.7




	
Was clarification provided about the treatment at the pharmacy?

	
Yes

	
3

	
3.1




	
No

	
93

	
96.9




	
Was the medicine applied only by you?

	
Yes

	
76

	
76.8




	
No

	
23

	
23.2




	
Did you use skin care products as a complement to psoriasis treatment?

	
Yes

	
58

	
62.4




	
No

	
35

	
37.6
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Table 6. Reasons for non-adherence reported by the patients.
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	Reasons for Non-Adherence
	N (Total 67)
	%





	Medication was effective
	14
	20.9



	Treatment interferes with activities
	13
	19.4



	Forgetfulness
	12
	17.9



	Medicine was not effective
	8
	11.9



	Difficult to access lesion’s anatomic site
	4
	6.0



	Long application time
	4
	6.0



	Fear of the side effects
	3
	4.5



	Medicine leaves stains
	3
	4.5



	Inconvenient time
	2
	3.0



	Medicine is difficult to spread
	2
	3.0



	Expensive treatment
	1
	1.5



	Medicine caused itching
	1
	1.5



	Patients that did not identify any reason
	35
	34.3



	
	N(Total 102)
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Table 7. Association between adherence and treatment-related variables.
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Treatment Related Variables

	
Categories

	
Adherence No

	
Adherence Yes

	
p-Value




	
N

	
%

	
N

	
%






	
Dosage form group

	
Group 1

	
21

	
32.3

	
10

	
45.5

	
0.195




	
Group 2

	
44

	
67.7

	
12

	
54.5




	
First-time prescribed treatment

	
No

	
41

	
60.3

	
15

	
71.4

	
0.506




	
Yes

	
27

	
39.7

	
6

	
28.6




	
Mode of application of medication was instructed

	
No

	
3

	
4.5

	
1

	
5.6

	
1




	
Yes

	
64

	
95.5

	
17

	
94.4




	
Treatment information was provided

	
No

	
54

	
77.1

	
14

	
60.9

	
0.209




	
Yes

	
16

	
22.9

	
9

	
39.1




	
Skin care products were recommended

	
No

	
42

	
64.6

	
13

	
61.9

	
1




	
Yes

	
23

	
35.4

	
8

	
38.1




	
Skin care products were used

	
No

	
30

	
48.4

	
10

	
45.5

	
1




	
Yes

	
32

	
51.6

	
12

	
54.5
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Table 8. Results of the logistic regression model for the influence of the vehicle on adherence.
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	Variables
	Coefficient
	Standard Error
	p-Value
	95% CI





	Constant
	0.236
	0.503
	0.627
	−0.721; 1.231



	Group 2
	−1.460
	0.657
	0.020
	−2.765; −0.227



	Extensive area
	−2.505
	1.019
	0.003
	−4.874; −0.781



	Group 2 * Extensive area
	2.463
	1.208
	0.025
	0.296; 5.086







The reference classes for the binary factors in the linear predictor are Group 1 (ointments) and small affected area.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  pharmaceutics-13-01539


  
    		
      pharmaceutics-13-01539
    


  




  





media/file0.png





media/file2.png
Frequency

10

—{

2 4 6 ]
Mass per application mg/cm?





media/file1.jpg
2 4 6
Mass per application mg/em?





