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ABSTRACT 
 
Background: Previous studies have demonstrated inadequate patient knowledge about basic aspects of warfarin therapy, leading to nonadherence. 
Patients may not receive adequate education because of time constraints, lack of availability of resources, or other patient variables beyond the control 
of healthcare providers, such as poor patient recall. Objective: We explored the impact of a specifically developed mobile application (mApp)—
Coagulation and Anticoagulant Therapy and Awareness (CATA)—on improving the knowledge and anticoagulation satisfaction of patients receiving 
warfarin therapy. Setting: Two medical centers’ anticoagulant clinics (ACCs) in Riyadh, Saudi Arabia. Method: This was a prospective multi-center 
study with a single-arm pre- and post-test design; 45 patients (32 women; Mage = 45.82 ± 12.8 years) were enrolled. Main outcome measure: Patients’ 
knowledge and anticoagulation satisfaction were evaluated at baseline and after a post pharmacist-led mHealth App educational intervention. Results: 
The CATA intervention had a significant impact on knowledge improvement; however, no significant changes were observed in satisfaction. 
Conclusions: The newly developed CATA mApp has vast potential in improving patients’ knowledge; however, further exploration of factors behind 
the nonsignificant change in patients’ anticoagulation satisfaction requires investigation in long-term prospective studies with more frequent 
pharmacists’ interventions in ACCs. 
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INTRODUCTION 
 
Warfarin remains among the most commonly indicated forms of 
oral anticoagulant therapy (OAT) for prevention and treatment of 
thromboembolic complications associated with various cardiac 
and non-cardiac etiologies because of its well-established1 or 
superior efficacy compared to newer anticoagulant agents in 
some settings2,3. However, warfarin’s efficacy and safety requires 
optimal quality of anticoagulation control, which is demonstrated 
by a “time in therapeutic range” (TTR) of more than 70 %, while 
minimizing risk of serious adverse bleeding events4. However, 
achieving this target may be impeded by the need for regular 
monitoring services because of its narrow therapeutic range, and 
patients’ non-adherence5.  
 
Patients identified a broad range of barriers for warfarin non-
adherence, including knowledge gaps about the relative risks and 
benefits of anticoagulant therapies, and patient-provider 
communication issues (e.g., language barriers and low health 
literacy)6. These limitations increase individuals’ risk for 
negative clinical outcomes and contribute to the underuse of 
warfarin7,8. However, a systematic literature review found that 
improved patient knowledge results in better anticoagulation 
control and less bleeding9. Consequently, patients’ knowledge is 
an essential component in warfarin therapy to improve patient-
reported outcomes (PROs) such as satisfaction and adherence10-

12. However, 50–80 % of older patients in international 
studies12,13-19 had inadequate knowledge about basic aspects of 
warfarin therapy20-22. This was partially attributed to suboptimal 
access to warfarin education and information resources in both 
community practice and hospital settings because of lack of 

specialized anticoagulation clinic (ACC) services9. However, 
despite a consensus that these additional services provide superior 
education about warfarin therapy, some patients still do not 
receive adequate education because of time constraints, lack of 
resources, or other patient variables that are beyond the control of 
healthcare providers (e.g., poor patient recall, age-related 
cognitive impairments, etc.)23-26. 
 
In Saudi Arabia, ACC services were introduced in the healthcare 
system, mainly in Riyadh, in the early 2000s. Currently, ACCs 
guided by clinical pharmacists have been established in almost 
every governmental health center27-31. Surprisingly, lack of 
knowledge on basic aspects of warfarin is very high (50–70 %)27-

31. Patients’ non-adherence scores are also high, and their 
satisfaction is poor30-32, yet these are consistent with those of 
other international populations12,33. These results emphasize the 
need for intensive educational and awareness programs to 
enhance knowledge and other PROs among Saudi patients31. 
 
Internationally, various warfarin educational strategies have been 
described in the medical literature and delivered by a variety of 
healthcare providers34,35. Formats for delivering educational 
materials predominantly employed simple traditional methods 
such as verbal counseling tips from the healthcare provider16,36, 
sometimes supplemented with written materials or booklets36,37. 
However, these individual face-to-face patient education modes 
are labor-intensive and time consuming in busy practice 
environments38. Moreover, previous studies regarding patients’ 
counseling about medication use have shown that patients have 
difficulty retaining information provided by their doctors, with 
40–80 % of the information forgotten immediately39. 
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The Food and Drug Administration has acknowledged the 
tremendous utility of mobile health (mHealth) technologies for 
various healthcare purposes40, including improving patient self-
monitoring and management, increasing general patient 
education, and facilitating patient access to commonly used 
reference information. The emergent attractiveness of mobile 
solutions for health promotion and healthcare education delivery 
can be ascribed partly to the technology’s accessibility, the level 
of personalization that technology enables, valuable location-
based services (i.e., patients can quickly extract valuable 
information), and tailored care and education to suit patients’ 
needs41. 
 
Regarding anticoagulant therapy, very few published 
investigations have addressed the provision of specific mHealth 
technology for self-management and education in patients 
receiving warfarin therapy25,26,42. In Saudi Arabia, no analyses of 
anticoagulant educational interventions exist.  
 
Consequently, this study aimed to develop and examine the 
impact of a pharmacist-run intervention using an mhealth App 
concerned with improving patients’ knowledge and, as a 
secondary outcome, satisfaction with anticoagulation therapy in a 
Saudi population. 

  
MATERIALS AND METHODS 
 
Design  
 
A prospective multi-center study with a single-arm pre- and post-
test design was conducted in two ACCs at the Security Forces 
Hospital and Prince Sultan Military Medical City, in Riyadh. 
Patients’ knowledge and anticoagulation satisfaction, as the 
primary study outcomes, were evaluated at baseline and 45 days 
post-mhealth-App educational intervention. 

  
Participants 
 
A sample size of approximately 50 patients was targeted based on 
timeframe and feasibility43. Participants were recruited from 
September 30 to December 30, 2017. Inclusion criteria comprised 
the following: (a) aged > 18 years, (b) Arabic speaking, (c) 
receiving OAT anticoagulant (mainly warfarin) and visiting the 
clinic regularly, (d) a naïve patient (i.e., OAT was prescribed, but 
not yet received), and (e) using smartphones or tablets with 
Android operating system. We excluded patients (a) aged < 18 or 
≥ 70 years; (b) previously diagnosed with mental disorders; (c) 
with visual, auditory, or oral communication deficiencies; and (d) 
who did not use smartphones. 

 
Ethics approval   
 
The clinical protocol was reviewed and approved by the 
Institutional Review Board at Princess Nourah University (PNU), 
and at each study site.  

 
Measures 
 
Oral Anticoagulation Knowledge (OAK) scale 
 
The OAK scale is a psychometrically validated tool based on 
educational content areas typically addressed in pharmacist-
managed ACCs to assess patients’ knowledge deficits20. The 
original English OAK is a 20-item, multiple-choice 
questionnaire. After obtaining the authors’ permission, all 

questionnaire items were translated by our research team into 
Arabic using the forward-backward translation method.  

 
Anti-clot Treatment Scale (ACTS) 
 
The ACTS is a patient-reported instrument robustly validated as 
a measure of treatment satisfaction specifically for 
anticoagulants44. It comprises 17 items across two subscales: 
Burdens (13 questions) and Benefits (4 questions). ACTS is 
available in diverse languages except Arabic. Therefore, the scale 
was translated into Arabic according to standard guidelines after 
obtaining official permission. Four Arabic pharmacy professors 
in PNU judged the face and content validity of the final Arabic 
version of this questionnaire. 

 
Treatment Satisfaction Questionnaire for Medication  
(TSQM 1.4) 
 
Additionally, the generic TSQM was administered for validation 
purposes, owing to it being widely employed in diverse clinical 
settings45 as a generic patient-satisfaction measure (the Arabic 
translated version has been previously validated in Saudi 
ACCs)32. 

 
Procedures and Intervention 
 
For patients who agreed to participate and who satisfied the 
inclusion and exclusion criteria, full demographic and clinical 
background characteristics were obtained from the hospitals’ 
electronic medical records, using a specifically designed data 
collection sheet. Before employment of the Coagulation and 
Anticoagulant Therapy and Awareness (CATA) mHealth App, 
the three self-reported, standard questionnaire tools (OAK, 
ACTS, and TSQM) were administered face-to-face to assess 
patients’ knowledge and anticoagulation satisfaction to obtain 
baseline point estimations of these outcomes (Figure 1). 
 
The questionnaires took approximately 30–60 minutes to 
complete. Then, the CATA mApp was uploaded to each patient’s 
mobile phone via the Internet using the app’s password. An 
extended follow-up period (≥ 45 days) for each recruited patient 
was scheduled to reassess post-intervention outcomes. ACC 
appointments were set per patients’ convenience and the chief 
clinical pharmacists’ opinion. 

 
Data Management and Analysis Plan 
 
All data were coded, entered, and analyzed using SPSS 20.0 
(SPSS Inc., Chicago, IL). Descriptive statistics were computed 
for patients’ characteristics and all outcome variables. The 
distribution of study variables and outcomes were tested for 
normality by the Kolmogorov–Smirnov test. Paired sample 
t‑tests or Wilcoxon signed rank tests were used to assess 
differences in patients’ outcomes pre- and post-intervention with 
CATA mApp. All p-values < .05 were interpreted as significant.  

 
RESULTS 
 
Patients’ Baseline Characteristics 
 
Of the 253 screened, 70 patients participated (Figure 2). During 
the study period, only 45 participants were reassessed, at 
approximately two months post intervention. Table 1 shows the 
characteristics of patients who completed the study (N = 45).  
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Table 1: Patients’ Sociodemographic and Clinical Characteristics (N = 45) 
 

Variable Descriptive Statisticsa 

Age (years), mean (SD) 45.82 (12.80) 
Age group (years)  

  19–37 10 (22.2) 
  38–55 23 (51.1) 
  56–73 12 (26.7) 

Sex  
  Male 13 (28.9) 

  Female 32 (71.1) 
Marital status  

Single 8 (17.8) 
  Married 33 (73.3) 
  Divorced 1 (2.2) 
  Widowed 3 (6.7) 
Education level  

  No formal education 6 (13.3) 
  Primary/secondary 10 (22.2) 

  High school 16 (35.6) 
  Diploma/university 13 (28.9) 

Indication(s) for anticoagulation  
  DVT 10 (22.2) 
  PE 3 (6.7) 

  DVT/PE 6 (13.3) 
  Mechanical/bio prosthetic heart valve 4 (8.9) 

  Stroke 2 (4.4) 
LVT/atrial thrombus 4 (8.9) 
  AF/flutter 13 (28.9) 

  Other 3 (6.7) 
Smoking history  

  Non-smoker 42 (93.3) 
  Smoker 3 (6.7) 

Current anticoagulant therapy  
  New to warfarin therapy 5 (11.1) 

  Continuing warfarin therapy 40 (88.9) 
Comorbid conditions 

  Yes 
  No 

Conditions 

 
34(75.6) 
11(24.4) 

  Diabetes mellitus 34 (75.6) 
  Hypertension 21 (46.7) 

  Hyperlipidemia 10 (22.2) 
  Coronary artery disease 3 (6.7) 

  Heart failure 2 (4.4) 
  Other 22 (48.9) 

Concomitant medication  
  Yes 38 (84.4) 
  No 7 (15.6) 

Duration of warfarin use (years), mean (SD) 
No. of prior ACC visits in the last 6 months, 

mean (SD) 

3.59 (3.2) 
3.17 (1.28) 

TTR, mean (SD) 56.29 (31.44) 
INR stability, mean (SD) 61.64 (32.78) 

Duration of follow-up (days), mean (SD) 48.18 (12.97) 
aAll data were no. (%) unless otherwise indicated. 

Abbreviations: M: mean, SD: standard deviation, DVT: deep vein thrombosis, PE: pulmonary embolism, LVT: left ventricular thrombus, AF: atrial 
fibrillation, TTR: time in therapeutic range, INR: international normalized ratio 

 
Table 2: Effect of CATA mApp Intervention on Patients’ Knowledge (N = 45) 

 
Scale Baseline  Post-intervention  P-Value % of Knowledge Improvement Effect Sizeb 

M (SD) Range M (SD) Range    
OAK (out of 20) 12.69 (2.7) 7–19 14 (2.7) 9–19 .002 10.32 0.48 

OAKa (out of 
100) 

63.4 (13.5) 35–95 70.22 (13.5) 45–95 .002 10.75 0.5 

aTo assess patients’ knowledge, a percentage of correct responses score was calculated (0–100%). Their knowledge was considered inadequate if their 
score was below 70%. bEffect size statistics were calculated as the mean difference (change score) in scores from Time 1 to Time 2 divided by the 

standard deviation of the Time 1 score. Clinically, increasing moderate effect sizes over time would be expected, reflecting improved treatment 
satisfaction. Effect sizes were interpreted as follows: 0.20 (small change), 0.50 (moderate change), and > 0.80 (large change). 

Abbreviations: OAK Scale: Oral Anticoagulant Knowledge Scale, M: mean, SD: standard deviation. 
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Table 3: The Impact of Patients’ Variables on Knowledge Improvement using CATAmApp 
 

Variable M (SD) Univariate Analysisa Multivariate Analysisb 

 
Final Multivariate 

modelc 

 P-value B-coefficient P-value 
Sex 

Female 
Male 

 
0.84 (2.8) 

2.62 (2.63) 

 
 

.058 

 
1.99 

 

 
 

.05 

- 

Smoking status 
Smoker 

Nonsmoker 

 
4.7 (1.2) 
1.1 (2.8) 

 
 

.036 

 
0.96 

 
 

.58 

- 

Warfarin therapy 
New users 
Old users 

 
Duration of warfarin use (years) 

 
4 (2.9) 

1.03 (2.7) 
 
- 

 
 

.026 
 

r = -0.45 
p = .002 

 
 

-2.6 
 
 

-1.782 

 
 

.028 
 
 

.006 

- 
 
 
 
 

0.002 
History of herbal use 

Yes 
No 

 
0.22 (2.95) 

1.7 (2.8) 

 
 

.18 

 
2.6 

 
.012 

 
- 

Concomitant drug use 
Yes 
No 

 
1.6 (2.8) 
0 (2.8) 

 
 

.17 

 
9.681 

 
.082 

 
0.013 

No. of ACC visits prior 
intervention (last 6 months) 

- r = -0.34, p = .024 -1.04 .009 0.006 

Time to next visit post 
intervention 

- r = -0.27, p = .075 -0.05 .168 0.038 

 

aAnalysis of variance test with Tukey’s post-hoc test for categorical variables or Pearson’scorrelation test for continuous variables.  
bMulti variate linear regression model.  

cStepwise multivariate linear regression model.  
M: mean difference in OAK score pre- and post-intervention 

Abbreviations: M: mean, SD: standard deviation, ACC: anticoagulant clinics, mApp: mobile application, CATA: Coagulation and Anticoagulant Therapy 
and Awareness. 

 
Table 4: Summary of patient-reported treatment satisfaction (ACTS and TSQM) pre- and post-CATA mApp use 

 
Subscale Baselinec  Post-intervention  P-valued Effect Size 

 M (SD) Range M (SD) Range   
ACTSa,b (N = 45)       

Burdens 46.58 (9.6) 27–60 47.68 (6.95) 35–60 .34 0.11 
Benefits 13.16 (2.2) 4–15 11.69 (2.7) 3–15 .002 0.67 

TSQM 1.4e,f (N = 36)       
Total (100%) 76.33 (9.6) 44.3–94.9 76.1 (11.9) 44.3–96.2 .76 0.024 
Effectiveness 75.7 (13.1) 50–100 71.5 (15.3) 33.3–100 .09 0.32 
Side-effects 89.8 (22.6) 18.8–100 90.63 (21.1) 18.75–100 .81 0.037 
Convenience 73 (12.4) 50–100 72.4 (15.4) 33.3–100 .72 0.034 

Global satisfaction 71.62 (14.3) 35.7–100 72 (19.3) 28.6–100 .95 0.027 
 

aCalculation of subscale scores was performed in accordance with the developers’ guidelines.  
bHigher scores indicate greater treatment satisfaction; the 12 items of ACTS Burdens were reverse coded (scored 5 to 1), whereas the three items of 

ACTS Benefits were coded normally (scored 1 to 5).  
cTwo set intervals for evaluation of the ACTS were used in this study (0 days and 45 days).  

dWilcoxon signed rank tests for nonparametric or paired samples t-test for normal distributed outcomes.  
eDomain scores were calculated as recommended by the instrument’s authors [45]. Scores ranged from 0 (extremely dissatisfied) to 100 (extremely 

satisfied).  
fDuring follow-up, some patients were asked to complete the two treatment satisfaction questionnaires. The generic TSQM 1.4 was evaluated at 

baseline and post-intervention alongside the ACTS questionnaire to provide a benchmark for validation purposes by assessing the construct validity of 
the ACTS score via hypothesized correlations between ACTS and TSQM 1.4 subscales. 

Abbreviations: M: mean, SD: standard deviation, ACTS: Anti-Clot Treatment Scale, TSQM: Treatment Satisfaction Questionnaire for Medication, 
mApp: mobile application, INR: international normalized ratio, CATA: Coagulation and Anticoagulant Therapy and Awareness. 
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Figure 1: Study Flowchart 
 

 
 

Figure 2: Flow chart of patient recruitment 
 

253 patients screened over two months, 183 excluded (not meeting inclusion criteria). 70 patients were recruited, received study questionnaires, 
and uploaded the CATA mApp. 45 patients completed the post-intervention PROs. 

ACC: Anticoagulant clinic, OAC: Oral Anticoagulant, DC: discontinued. 
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Figure 3: The distribution of patient's correct answers on the OAK questionnaire pre- and post-CATA mApp intervention. 
 
Study Outcomes 

 
Knowledge 
 
Table 2 shows the effects of the CATA mApp intervention on 
patients’ knowledge. A paired samples t-test performed on the 
OAK score pre-intervention (at baseline) versus post CATA 
mApp usage produced a mean difference of 1.36 (SD = 2.85; p = 
.002). The mean difference was equivalent to an effect size of 
0.546. Therefore, a significant and clinically moderate impact of 
CATA intervention on knowledge improvement was noted 
(Figure 3). 
 
Table 3 demonstrates the univariate and multivariate analyses of 
patients’ variables associated with the mean difference in OAK 
scores pre- and post-intervention. The multivariate regression 
analyses confirmed an association of some positive (new warfarin 
users, non-herbal users, concomitant drug use) and negative 
(duration of warfarin use, number of ACC visits prior to 
intervention, time to next visit post intervention) predictors of 
knowledge score. Interestingly, the strongest negative predictor 
obtained in the final stepwise regression model was duration of 
warfarin use, implying that patients new to warfarin therapy were 
more attentive in using the CATA mApp regularly compared to 
older users. 
 
It is critical to note that other patient variables, such as age, 
education, marital status, warfarin indication, comorbidities, 
concomitant medication type, TTR%, and international 
normalized ratio (INR) stability levels, were non-significant 
factors for knowledge improvement. 

 
Anticoagulation Satisfaction 
 
At baseline, patients’ responses to the ACTS Burdens and ACTS 
Benefits subscales (Table 4) were considered relatively high and 
acceptable compared to the reference range reported by ACTS 
authors [(12–60) and (3–15), respectively]. Post intervention, 
patients’ completion frequenciesof the two subscales were 
analogous (100 %).  

 
ACTS Burdens Scale 
 
A paired samples t-test showed that the mean ACTS Burden scale 
score had a non-significant increase of 1.1 (SD = 8.4; p = .34) 
from pre-intervention (at baseline) to post-CATA intervention 

(Table 4). This indicated no significant impact of CATA mApp 
intervention on reducing patients’ burdens associated with 
anticoagulation therapy. However, further examination of the 
mean change within females only revealed a significant 
improvement in burden satisfaction score (45.4 (SD = 9.2) to 48.1 
(SD = 7.6); p = .026), indicating that women had a less 
burdensome experience than did men. All other patient variables 
(e.g., age, education level, comorbidities, etc.) had no significant 
effect on patients’ responses to pre-, post-, or mean change in 
ACTS burdens score (p ≥ .05 in all fitted models). 

 
ACTS Benefits Scale 
 
Surprisingly, a significant mean decrease (1.47) was noted in 
patients’ responses to the ACTS Benefits score regarding 
anticoagulation with warfarin post-intervention using CATA 
mApp when compared to previous baseline values (Table 4). 
Those who had a higher warfarin starting dose expressed higher 
scores for benefits score pre-intervention (B = 0.45, p = .014); 
however, no association was found between ACTS Benefits score 
pre-, post-, or mean change for any other demographic or clinical 
characteristics (p ≥ .05). 
 
DISCUSSION 
 
Despite the sensible merit of maximizing patients’ knowledge as 
much as possible, the best strategy to develop and evaluate 
mechanisms for educating patients about anticoagulation is yet to 
be determined34,47. Furthermore, the specific impacts of various 
suggested educational and behavioral interventions on warfarin 
clinical outcomes warrant further research47.  
 
Our main concern was to develop a valuable educational mApp 
specifically targeted to assist warfarin users in managing their 
health and wellness at their homes. It would be easy to use, 
navigate, and only requires visualizing a simple process to 
understand Warfarin use. We demonstrated a significant 
improvement in patients’ knowledge using a novel educational 
mApp (CATA), proven by the increase in the number of patients 
who achieved a pass score from 42.2 % to 60 %. However, 
patient-reported OAT satisfaction, mainly with warfarin, did not 
change over the short post-intervention follow-up period. 
 
Comparing our results to the reference range obtained from the 
original ACTS authors44, our participants reported acceptable 
burdens and perceived benefits with warfarin, both pre- and post-
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intervention. Additionally, patients expressed comparable 
burdens and benefits to patients receiving OAT in a previous 
international trial48. This slow progress in the subscale scores 
indicated that both ACTS subscales revealed only minor changes 
in patients’ reported satisfaction over 12 months, particularly 
those receiving warfarin due to the increasing requirement for 
frequent coagulation monitoring and dietary restrictions 
compared to newer OAT. Such factors could have played a role 
in lowering the degree of ACTS burdens satisfaction observed in 
the current cohort, despite the positive CATA mApp impact on 
their knowledge. 
 
Additionally, unlike previous international studies44,48, which 
found no gender effect on the improvement in ACTS Burdens, 
women in the current population expressed less inconvenience 
regarding their OAT compared to men. This could be attributed 
to the social desirability bias inherent in PRO outcome studies. 
Another possible explanation is that cultural context and/or 
country-specific differences within and between the ACTS 
subscales were previously reported in large-scale, internal studies 
across diverse regions, where some countries reported non-
significant change in both ACTS subscales over 12 months48. 
However, the observed sex-based differences in the present 
cohort are worthy of further investigation. 
 
Analysis of other patients’ demographic and clinical factors did 
not reveal any further explanation for the satisfaction trends in the 
present investigation. However, it should be noted that the small 
numbers of patients in certain subgroups (e.g., with no formal 
education and new users of warfarin), relative to their 
counterparts, could have limited the evidence provided by 
statistical tests. Furthermore, the TSQM generic treatment 
satisfaction scale results were in line with the ACTS scale, 
showing no pronounced change in patients’ reported responses 
post-mApp intervention within this pilot study’s relatively short 
observation period. 
 
In line with the above trend, a previous American study 
developed an mHealth app for older patientson warfarin therapy 
to promote independence and self-care26. That study 
demonstrated, over a short observation period, a significant 
enhancement in patients’ anticoagulation knowledge, but only 
using the OAK test. However, other PROs of OATs including 
satisfaction, convenience, adherence, and anxiety/depression 
symptoms did not change from baseline to 3-months. This was 
mainly attributed to the inclusion of only a small number of older 
people who have been warfarin users for an average of 3 years, 
were afflicted by many chronic diseases, and who could therefore 
have restrained rapid verification of change in their preferences 
and restricted generalizability of the results to real practice 
encompassing a wider range of patients on OAT. These findings, 
however, also support the trend seen in our patients who showed 
improvement in knowledge and burden satisfaction scores, 
especially new patients starting on warfarin when compared to 
old users. This trend was in line with some previous studies; 
however, they employed traditional, pharmacist-led, verbal 
counseling approaches49,50. 
 
A previous Chinese study with a larger sample size (N = 110)44 

developed an mApp specifically for patients with a sole warfarin 
indication (atrial fibrillation only), which in contrast to the 
previous mApp study26, demonstrated significant improvements 
in all outcomes including knowledge, adherence, anticoagulant 
satisfaction, and quality of life, besides a reduction in anxiety and 
depression. However, despite the similarity in the age groups (≥ 
65 years) included in both previous mApp studies26,42, the larger 
sample size in the latter study could be a reason for the evident 
effect of the mApp intervention on PROs. In contrast to both 

studies, in our study, the age variable was normally distributed, 
and our patients were relatively younger. 
 
However, our exploratory analyses of age subgroups did not 
identify any significant differences in knowledge or satisfaction 
scales pre- and post-intervention. It is essential to note that 
absolute confidence in PROs in elderly patients may have narrow 
validity for many reasons: memory or cognitive impairment, 
chronic comorbidities, and several concomitant medications23-

26,39. Additionally, the mApp in our study was designed to 
improve knowledge and was not directly targeted at enhancing 
other PROs concerning their medications. 
 
Future studies should involve more direct assessment of patients’ 
preferences pertaining to aspects of an App’s design and 
implementation (e.g., feasibility, acceptability, and usability in 
relation to different end-users), in addition to other health 
outcomes experienced by clients receiving the interventions. 
These issues could either accelerate or obstruct the 
implementation of mHealth technologies51,52.  

 
Strengths 
 
A strength of this study is that it is the first Saudi study to report 
the development of an educational mhealth App and to examine 
its impact on patients’ knowledge and treatment satisfaction, in 
ACC. So far, mHealth technologies have had limited 
implementation in medical settings in Arabic countries53. 
Internationally, only two studies have addressed the development 
and testing of a mApp approach directed to patients on OAT. In 
addition, our study design is unique because it was an 
interventional, multicenter, prospective, pre- and post-test design. 
Other previous national studies in similar clinical settings were 
all single-center, cross-sectional, or descriptive in nature, and 
they did not involve any sort of intervention by clinical 
pharmacists with follow-up of subsequent influences on PROs or 
clinical outcomes. 

 
Limitations 
 
Although we revealed the potential of mHealth technologies as an 
educational strategy for improving patients’ self-awareness with 
less frequent pharmacist-led counseling, this study does have 
some limitations. First, the open-label, one-group design limits 
direct comparison to other educational tools employed in routine 
care. Future studies should consider a randomized, parallel-
groups strategy to estimate differences in the impact of a mApp 
to conventional counseling methods or other electronic 
multimedia media resources in maximizing patients’ knowledge 
about anticoagulants. Second, the small sample size and short 
time frame of this pilot study limit the generalizability of results 
to real-world practice. A longer observation period of at least one 
year may provide more feasible insight regarding patients’ 
reported satisfaction, INR control, and/or stability. 

 
CONCLUSION 
 
To summarize, the simplified educational approach offered by 
our CATA mApp revealed vast potential to improve knowledge 
among patients receiving warfarin in a Saudi population with 
various demographic and clinical characteristics. However, the 
impact on PROs, including satisfaction, adherence, and gold-
standard clinical outcomes in OAT patients, warrants further 
investigation. Additionally, in line with the rapid evolution of 
mHealth technologies, our future studies will address the 
enhancement and development of mApp to include more 
interactive features of communication between patients and 
professional care providers as well as automated data-generating 
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and incorporated standardized scales designed to capture specific 
health outcomes.  
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