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1. Introduction 
Stroke represents a major global health challenge, serving as a primary cause of mortality and 

long-term disability while significantly increasing socio-sanitary expenditures. Among its common 
complications, oropharyngeal dysphagia stands out, affecting up to 80% of post-stroke patients, a 
condition that is particularly acute in the elderly population due to age-related physiological changes 
in the swallowing response. This condition acts as a critical predictor of adverse health outcomes, 
including malnutrition, dehydration, aspiration pneumonia, and increased mortality rates. 
Furthermore, dysphagia significantly diminishes the patients' perceived quality of life and imposes a 
substantial burden on their caregivers. 

Currently, evidence suggests that early detection and the continuity of care after hospital 
discharge are essential to reducing the negative consequences and high costs associated with this 
condition. In this context, m-Health technology emerges as a transformative tool that can facilitate the 
monitoring of patients and empower both individuals and their families in health management. 
Consequently, the general objective of this study is to evaluate the efficacy of a multidisciplinary 
m-Health intervention, based on a personalized program of nutritional measures and swallowing 
rehabilitation exercises, as a complement to standard clinical practice for the recovery of dysphagia in 
post-stroke patients. 

This study aims to analyze the intervention’s impact on clinical complications, nutritional 
status, and quality of life, as well as its economic implications. This Statistical Analysis Plan (SAP) 
provides a comprehensive framework for the assessment of study outcomes and the corresponding 
analytical methodologies. It outlines the procedures for evaluating primary and secondary variables, 
ensuring a robust and transparent analysis of the intervention's impact on dysphagia recovery and 
associated socio-economic factors. 

2. Methods 

2.1. Study design 
The study is designed as an open-label parallel randomized controlled trial (RCT) featuring a 

blinded third-party evaluation to ensure the objectivity of the results. The CONSORT 2025 
recommendations will be followed. The primary aim is to compare the effectiveness of a 
multidisciplinary m-Health intervention against standard clinical practice for the recovery of 
dysphagia in post-stroke patients. Participants will be allocated into two distinct arms: the Control 
Group (CG), which will receive conventional care provided by the hospital center, and the 
Experimental Group (EG), which will utilize a mobile device equipped with an ad hoc developed 
m-Health application both during hospitalization and after discharge. This application provides a 
personalized program encompassing nutritional measures, compensatory strategies, and swallowing 
rehabilitation exercises supervised by a specialized multidisciplinary team. 

To maintain balance between the study arms and mitigate potential biases, participants will be 
assigned using block randomization. The randomization sequence will be generated through random 
permutations within blocks of an appropriate size, ensuring that the number of patients in each group 
remains equal periodically. Although the study is open-label due to the nature of the technological 
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intervention, the use of blinded third-party evaluators for outcome assessment will be implemented to 
safeguard the internal validity of the trial. 

2.2. Sample size calculation 
The sample size was determined based on the primary outcome variable, defined as the 

improvement and recovery from dysphagia (a dichotomous qualitative variable: Yes/No). The 
calculation was performed using the statistical software R and the pwr package, considering a 
comparison of proportions between the two study arms. Based on existing literature, which indicates 
that post-stroke dysphagia improvement occurs in approximately 35% of cases under standard 
conditions, the study aims to detect an increase to 70% improvement in the EG. 

For the estimation, the following parameters were established: a 95% confidence level 
(α=0.05), a statistical power of 80% (β=0.20), and a bilateral contrast. The initial calculation required 
31 patients per arm; however, to account for an expected attrition rate of 20% due to potential losses 
in follow-up or changes in the participants' health status, the sample size was adjusted. Consequently, 
the final requirement is 37 participants per arm, resulting in a total study population of 74 subjects. 
This cohort will be recruited via consecutive sampling from patients hospitalized at the Hospital Punta 
de Europa (Algeciras) who meet the inclusion criteria, specifically being over 18 years of age and 
presenting oropharyngeal dysphagia to liquids following a stroke. 

3. Outcomes 
This section outlines the primary and secondary outcomes established to evaluate the 

effectiveness of the m-Health intervention. Data for all variables will be collected at four specific time 
points: baseline (Day 1) during the initial 24 hours of hospital admission, and subsequent follow-ups 
at 3, 6, and 9 months post-stroke. 

3.1. Primary outcomes 
The primary outcome of this study is Dysphagia Improvement and Recovery, which is defined 

as a dichotomous qualitative variable (Yes/No). Furthermore, swallowing function will be assessed 
through the Volume-Viscosity Swallow Test (V-VST), which identifies the safe and efficient 
combination of volumes (5 mL, 10 mL, and 20 mL) and textures (liquid, nectar, and pudding). This 
tool utilizes safety markers, such as changes in voice tone, coughing, or oxygen desaturation, and 
efficiency markers, including labial seal and oral or pharyngeal residue, to determine the clinical 
status of the patient. 

3.2. Secondary outcomes 

3.2.1. Nutritional and Anthropometric Status 
To assess the nutritional impact of the intervention, the Mini-Nutritional Assessment (MNA) 

will be employed to categorize patients as having a normal nutritional status, being at risk of 
malnutrition, or having malnutrition. Additionally, physical and body composition parameters will be 
measured, including Weight, Height, Body Mass Index (BMI), and circumferences of the arm and 
calf. Advanced body composition analysis will be performed using Bioelectrical Impedance Analysis 

5 



Effectiveness of an mHealth intervention, based on rehabilitation and a personalised nutrition plan, in the 
recovery and improvement of dysphagia in patients diagnosed with stroke: Statistical Analysis Plan​

__________________________________________________________________________________________ 
(BIA) to obtain data on Fat Mass, Fat-Free Mass, Total Body Water, and the Phase Angle, the latter 
serving as an indicator of cellular health and integrity. Furthermore, muscle strength and function will 
be evaluated via Handgrip Dynamometry and the SARC-F questionnaire to screen for sarcopenia risk. 

3.2.2. Clinical Complications and Functional Status 
Regarding clinical safety, the study will record the incidence of bronchoaspiration, respiratory 

infections, and aspiration-derived pneumonia. Functional independence in activities of daily living 
will be assessed using the Barthel Index, while physical frailty will be determined according to the 
Fried Criteria (weight loss, exhaustion, weakness, slow walking speed, and low physical activity). The 
Risk of Falls Detection Scale will also be applied to identify patients requiring preventive measures. 

3.2.3. Quality of Life and Caregiver Burden 
The perceived quality of life will be measured using the EuroQoL 5D-5L questionnaire and the 

EQ-VAS visual analog scale, providing insights into five dimensions of health: mobility, self-care, 
usual activities, pain/discomfort, and anxiety/depression. Considering the impact on the family 
environment, Caregiver Burden will be evaluated through the Zarit Scale, and Caregiver Strain will be 
measured using the Caregiver Strain Index (CSI), identifying high levels of perceived stress or effort 
in the caregiving role. 

3.2.4. Economic Impact 
Lastly, the economic evaluation will consider the number of hospital admissions, the length of 

stay (days), and the frequency of visits to primary care, specialists, and emergency departments. The 
total economic cost will be calculated by multiplying the days of hospitalization by the estimated 
daily cost of stay, allowing for a comprehensive analysis of the intervention's efficiency within the 
health system. 

4. Study population 
The study population will comprise patients hospitalized following a stroke at the Punta Europa 

University Hospital in Algeciras (Cádiz, Spain). A total of 74 participants will be recruited through 
consecutive sampling and subsequently assigned in a 1:1 ratio to either the EG or the CG. 

Regarding the eligibility criteria, subjects must be 18 years or older and present a confirmed 
diagnosis of oropharyngeal dysphagia to liquids following a stroke. On the other hand, the study will 
exclude patients with visual barriers, those receiving terminal palliative care, or individuals in the 
final days of life. Furthermore, patients with severe cognitive impairment or those facing a language 
barrier that precludes the effective use of the Spanish-language m-Health application will be ineligible 
for participation. It is also established that participants will be withdrawn from the study if they 
revoke their informed consent or if their lack of adherence to the prescribed training plan exceeds 
20% of the scheduled sessions. 

Finally, baseline data will be collected within the first 24 hours of hospital admission to 
characterize the study cohort. These initial assessments will include sociodemographic variables such 
as sex, age, and the presence of a caregiver, as well as clinical and anthropometric parameters. These 
baseline measurements are essential not only to verify the comparability between the two study arms 
but also to facilitate subsequent multivariate analyses aimed at adjusting for potential confounding 
factors. 
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5. Data analysis 
An external researcher, expert in univariate and bivariate statistics, including effect size 

determination, will perform the database recording and statistical analysis. This investigator will be 
blinded to participant group allocation and will have full access to all collected data. 

To meet the study objectives, the researcher will use the latest version of the statistical analysis 
plan (SAP), as published in the protocol registered on ClinicalTrials.gov (NCT07267468), to derive 
the necessary statistical results for the outcomes.  

The statistical analysis will be conducted using a comprehensive approach, beginning with a 
descriptive characterization of the study population. Quantitative variables will be expressed as mean 
and standard deviation or median and interquartile range, depending on their distribution. Qualitative 
variables, on the other hand, will be represented through frequencies and percentages. To determine 
the appropriate use of parametric or non-parametric tests, the Shapiro-Wilk test will be applied to 
assess the normality of the data distribution for all quantitative variables. 

Regarding bivariate analyses, comparisons for qualitative variables will be performed using the 
Chi-square test, provided that at least 80% of the cells in the contingency tables have expected 
frequencies greater than 5; otherwise, Fisher's exact test will be utilized. To measure the strength of 
association for clinical outcomes, 2x2 contingency tables will be constructed to calculate the Odds 
Ratio (OR) and its corresponding 95% confidence interval via the Mantel-Haenszel method. For 
quantitative comparisons between the EG and CG (independent samples), the Student's t-test will be 
employed for normally distributed data, while the Mann-Whitney U test will be used for non-normal 
distributions. 

To evaluate the intervention’s effectiveness across four time points (baseline, 3, 6, and 9 
months), a Repeated Measures ANOVA or Linear Mixed Models will be used for parametric data, 
while the Friedman test will be applied for non-parametric data, followed by post-hoc comparisons to 
pinpoint exactly when significant changes occurred. Furthermore, the relationship between continuous 
variables will be explored through Pearson or Spearman correlation coefficients. The Intraclass 
Correlation Coefficient (ICC) will be used to assess concordance between measurements at different 
stages where necessary. 

Finally, to account for potential confounding factors, multivariable analysis will be conducted. 
Depending on the nature of the dependent variable, linear, logistic, or Cox proportional hazards 
regression models will be implemented to adjust the intervention's effect for sociodemographic and 
clinical variables, such as age, sex, and the presence of a caregiver.  

All statistical tests will be performed with a significance level of alpha=0.05. Effect sizes will 
be calculated according to the statistical tests used. Data management and analytical procedures will 
be executed using R and SPSS (version 25). The analysis is scheduled to be conducted in September 
2026. 

6. Missing data 
Given the longitudinal nature of this study, which includes a follow-up period extending up to 9 

months post-stroke, the research team acknowledges the potential for missing data and participant 
attrition. According to the risk assessment, losses related to the health status of the participants or the 
extended study duration are considered a high-probability and high-impact risk. To mitigate this, the 
sample size calculation explicitly incorporated an expected 20% attrition rate, increasing the required 
enrollment from 31 to 37 participants per arm (totaling 74 subjects) to ensure that the study maintains 
sufficient statistical power even if losses occur. 
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Regarding the management of withdrawals, it is established that participants who revoke their 

informed consent will be classified as a "loss" and will not be replaced by new subjects. Furthermore, 
a lack of adherence to the prescribed training plan—defined as missing more than 20% of the 
scheduled sessions—will also constitute a criterion for withdrawal from the study. To minimize the 
occurrence of missing data related to intervention adherence, the m-Health application includes an 
integrated treatment diary. This tool allows both patients and caregivers to report daily activity, 
providing the multidisciplinary team with real-time information to monitor compliance and implement 
corrective actions if necessary. 

Finally, the statistical handling of missing values will be performed with rigor. For participants 
who complete the baseline assessment but fail to attend subsequent follow-ups, the reasons for 
attrition will be documented and reported in accordance with CONSORT 2025 guidelines. While the 
study aims for maximum data completeness through the digital monitoring of the intervention, any 
remaining missing data for the primary and secondary outcomes will be analyzed to determine if they 
are missing at random, and the appropriate imputation or analysis methods will be applied to maintain 
the integrity of the results. 
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